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Economic and Engineering Services, Inc. (EES) in conjunction with Pacm“c Groundwat‘e-
Group, is pleased to provide you with the Final Salmon Creek Wellhead Protection Plan
(Plan).

This document represents over two years of effort focused on the hydrogeology of the
Salmon Creek Basin, groundwater quality, installation of “early warning” monitoring wells,
and data gathering related to current and potential risks to Clark Public Utilities’ (CPU)
wellheads in the area. From this effort, we have learned much about the hydraulics of the
basin which will help in dealing with current and future threats to the water supply. Such
information was used to design and implement a preventative program to help reduce
threats to groundwater quality.

Over the last year, the Department of Health (DOH) has published materials which
indicate the future direction of their Wellhead Protection Program. This document meets
most of the anticipated requirements. However, because of the scope of this project, not all
CPU wells have been addressed under this effort. Additionally, the level of public
involvement designed into DOH’s currently proposed program was not included in the
original scope of work approved over two years ago.

We propose the following changes to fully comply with the new State requirements.
{J Obtain Department of Ecology (Ecology) approval of the grant product.

(1 Begin implementation of the Plan, including expansion of this Plan to include other
CPU wells (e.g. public involvement, hydrogeologic assessments, threat assessments, and
targeted pollution prevention programs).

Additionally, DOH and Ecology are proposing wellhead protection assessments prior to well
drilling and granting of water rights. We recommend immediate efforts to develop
prototypical procedures and an example report for DOH and Ecology consideration. These
procedures and document format, once accepted by DOH and Ecology, will expedite future
well drilling and water rights processing.
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We look forward to assisting you in pursuing the activities outlined above and in securing
the necessary agency approvals.

It has been a pleasure working with you and your staff on this project.

1 ly,
g Al

L. Wubbena, P.E.
President
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Section |
Introduction

1.1 Background

In October 1990, Clark Public Utilities (CPU) received a Centennial Clean
Water Fund grant (Tax 91064) from the Washington State Department of
Ecology (Ecology) to establish a Wellhead Protection Program (WHPP) for wells
in its Hazel Dell well field, which lies within the Salmon Creek Drainage Basin.
CPU depends totally on local groundwater resources to meet the demands of
approximately 13,500 municipal, residential, and industrial customers in Hazel
Dell and adjacent communities (in 1991). This represents a total population
served of about 35,500, The average day water consumption of CPU’s total
water system in 1991 was 5.33 million gallons per day (MGD), with an
estimated peak day usage of 13.3 MGD.

The Hazel Dell well field includes sixteen operating (on-line) wells, with a peak
production rate of approximately 9,200 gpm or about 13.3 MGD.

Based on land use practices, and on the location of major water supply sources, a
Focus Area encompassing about 55 square miles in the Hazel Dell area has been
designated for this WHPP investigation.

The WHPP was initiated as a result of Section 1428 of the 1986 Amendments to
the Federal Safe Drinking Water Act (SDWA) which mandates that every state
develop a WHPP. In Washington, the Governor designated the State
Department of Health (DOH) as lead agency for wellhead protection program
development and administration. DOH in June of 1993, published its
"Washington State Proposed Wellhead Protection Program,” with expectations
for the program to be adopted by the State Board of Health through amendment
of Chapter 246-290 WAC in the spring of 1994,

CPU and its consultants have kept informed on the development of the State
program; this program conforms with the proposed State requirements and also
satisfies contract commitments with Ecology.

1.2 Purpose and Scope

The purpose of this project is to establish a WHPP for CPU's Hazel Dell well
field that will do the following:

Introduction . 1-1
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O Reduce the likelihood that potential contaminant sources will pollute the
drinking water supply provided by CPU's Hazel Dell wells;

Q Include a contingency plan for preparedness and provide alternate sources of
drinking water in the event that, notwithstanding reasonable protective
measures, contamination does occur; and

Q Include a monitoring program to provide an "early warning” of contaminant
entry into the wellhead protection areas to allow timely implementation of
the contingency plan.

In brief, the project has included construction of monitoring wells, field
investigations and analyses, aquifer characterization leading to delineation of
the one-, five-, and ten-year time of travel boundaries for each of CPU's Hazel
Dell production wells, water quality analyses, identification of existing and
potential sources of contamination, and prioritization of threat categories. This
prioritization of threats led to an evaluation of existing protective measures for
the high threat categories, recommendations for needed actions, development of
a contingency plan and spill response strategy, and a monitoring program.

Throughout this project, it has been recognized that an effective implementation
of a WHPP for CPU's Hazel Dell wells is contingent to a large degree on actions
by other governmental entities, as well as the general public. For example, CPU
can not mandate land use conditions; that is a responsibility of the Clark County
(County) and cities. Additionally, there are many ongoing activities in the
County that directly or indirectly relate to groundwater protection (e.g. the
Ground Water Management Plan for Clark County is being finalized).

Therefore, the approach on this project has been to utilize other work and
regional programs whenever possible to avoid duplication of efforts and keep
abreast of related activities. Actions which CPU can do on its own (relative to
those actions they can only support or recommend to other entities) are clearly
identified.

Introduction 1.2
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Section 2
Summary and Recommendations

2.1 Introduction

Clark Public Utilities (CPU) is a major water purveyor which supplies water to
much of Clark County. CPU is wholly reliant on groundwater resources and
manages an extensive well field in the Hazel Dell vicinity to satisfy local water
demands. The Hazel Dell area is rapidly urbanizing. As water demands
increase, so do potentially polluting land use practices. These practices include
septic drain fields, underground storage tanks, concentration of urban runoff
into dry wells, light industry, and (small quantity) hazardous waste generating
businesses. Groundwater in the area is shallow, and in some places the
principal regional aquifer is exposed at the land surface, creating a direct route
for contaminant migration. This aquifer system has been identified as a major
component in fulfilling the future public water supply needs of Clark County
(County) (see Chapter 173-592 WAC, Reservation of Future Water Supply for
Clark County).

The goal of this planning effort is to establish a Wellhead Protection Program
(WHPP) for the Hazel Dell - Salmon Creek Basin aquifer system which provides
a large proportion of the total water supply to CPU. The components of this
WHPP have been patterned generally on the criteria as authorized in the 1986
Amendments to the Safe Drinking Water Act (SDWA). Further adjustments
have been made to reflect the recent State Department of Health (DOH)
Guidelines for Wellhead Protection (June 1993).

This project was partially funded by a grant to CPU through the Department of
Ecology (Ecology) Centennial Clean Water Fund. Funding was approved in
1991, and planning efforts have been underway since that time.

The overall planning effort has consisted of:

O Evaluation and characterization of the level and sensitivity to contamination
of the various groundwater supply sources within the Salmon Creek Basin
area based on hydrogeologic, land use, and water quality factors; and,

O The design and early implementation of management strategies which serve
to protect long-term groundwater quality in the source areas.

Summary and Recommendations 2-1
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Hydrogeologic and land use factors which may impact groundwater quality have
been identified. Water supply sources at greatest risk to water quality
degradation have been delineated. New data has been generated to further
identify water quality concerns by the installation of monitoring wells and
monitoring equipment. Capture areas and travel time contours for supply
sources have been identified and have been used to establish wellhead
protection areas. Based on this information, management strategies have been
developed and some early implementation has begun.

The planning area lies within the Clark County Ground Water Management
Area (GWMA), defined in 1987, which encompasses all of Clark County. CPU
has been an active participant in the ongoing Clark County Ground Water
Management Plan (GWMP) planning effort. This project is complementary to
that effort and will facilitate early implementation of the GWMP.

Although this effort was primarily directed to the Hazel Dell - Salmon Creek
area, the elements of this program, with some modification and tailoring, can be
utilized as part of a WHPP for CPU's wells outside of this Focus Area.

2.2 Findings

The following are the major findings of this study and planning effort. Further
information on these summaries can be found in the corresponding section of
this report.

2.2.1 Aquifer Characterization
Wellhead Delineation

The modeled capture zones for one-, five-, and ten-year time-of-travel
analyses for CPU wells are presented in Exhibits 3-14 and 3-15. The
areas within the shaded boundaries shown on the figures represent the
estimated zone of groundwater contribution to the well sources for each
period of analysis. Capture zone areas expand as a function of larger
travel times. The capture areas extend mostly upgradient of the well
source. The downgradient limit of the capture area is defined by the
location of a stagnation point. Water particles upgradient of the
stagnation point travel toward the well. Water particles downgradient of
the stagnation point travel in the direction of the regional hydraulic
gradient and are carried away from the well.

Exhibit 3-14 shows the ten-year travel time boundary and capture areas
for all of the shallow water supply wells, as well as the recharge area that
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contributes upgradient of shallow wells in the Salmon Creek Basin. The
ten-year capture area for the well sources represents the most critical
area in which to focus additional field investigations, land use surveys,
and long-term monitoring. The recharge area upstream of the shallow
wells in the Salmon Creek Basin represents a secondary area for future
investigations.

Water Quality

A wide variety of data have been collected to date, providing a profile of
water quality conditions in both the Pleistocene Alluvial and Upper
Troutdale aquifers. The data have been reviewed and evaluated
according to standards applied to drinking water under the SDWA. These
standards were used as guidelines since one goal of the WHPP is to
identify the presence of compounds posing a threat to water supply wells
before they are impacted by contamination. Excessive levels of
compounds or trends in contaminant concentration may provide an
advance warning that drinking water quality may be impacted in the
future.

In general, the data collected during the first three monitoring rounds
(samples from the supply aquifers) indicate that: 1) water quality has not
been significantly impacted by inorganic chemical contamination; and 2)
Volatile Organic Chemical (VOC) contamination, particularly in the
vicinity of 78th and St. Johns Road (see Section 3), is a significant issue
which should continue to be addressed in future monitoring efforts.
Inorganic and organic contamination has been documented in the mar-
surface aquifer overlying the regional supply aquifer in the area of 78th
and St. Johns Road.

A probable source of VOC contamination (AIRCO) and the source of
chromium contamination (Boomsnub) have been identified, and
investigations to characterize the plumes associated with each site are
ongoing. Although chromium was detected at MW-1Shallow (MW-1,
Exhibit 3-3), levels were well below the established MCL of 0.1 mg/L. Of
primary concern is the VOC contaminant plume because it lies
hydraulically upgradient of CPU Zone 2 Production Well Nos. 5, 7.1, and
23. A Work Plan is currently in progress to address these concerns. One
or more monitoring wells will be constructed and screened in the Upper
Troutdale area, and will be located between the AIRCO-Boomsnub
contaminated sites and CPU Well MW-1. Additional sampling of such
wells should be beneficial for tracking the extent of contamination and to
determine the threat to CPU production wells. Additional information
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regarding contamination at the AIRCO-Boomsnub contaminated sites is
provided in Section 4.

2.2.2 Potential Sources of Contamination
High Risk Sources

As a result of an evaluation of existing data on aquifer contamination,
land use, and site contamination, the following are considered high risk
source categories and should be the focus of further evaluation and
protective measures:

Underground Storage Tanks - The risk of a contaminant released in the
subsurface environment reaching the water table is also increased by the
difficulty of discovering that the release has occurred. Often, leaking
underground storage tanks are not identified until the contaminant is
detected in a potable water source, or, until such a large quantity of the
product has been released that the change in tank volume is readily
measurable.

Transportation and Hazardous Material Spills - Contamination from a
spill during chemical transport could pose a serious threat to water
quality in the shallow aquifer. Although a larger volume of potential
contaminants is most likely transported on a more frequent basis via
Interstate 5, the proximity of Highways 99 and 205 to many of CPU’s
production wells places these corridors in a higher risk category. Spill
events cannot be predicted, and therefore, preventative measures are
limited.

Existing Contaminated Sites - Groundwater contamination from the
AIRCO-Boomsnub contaminated sites (78th and St. Johns Road) present
the largest and most probable threat to groundwater quality. Close
monitoring of the contaminant plumes and maintaining an open working
relationship with both Ecology and the two facilities is crucial to
protecting CPU's water quality and quantity requirements. A continued
monitoring program is outlined in this report.

Lower Risk Sources

The lower risk source categories and/or activities identified in this study
include septic tanks, commercial and industrial hazardous material
management, stormwater runoff, pesticides and fertilizers (including
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animal waste disposal), and either poorly constructed or improperly
decommissioned wells.

It is emphasized that "lower risk” does not mean "no risk." Existing
regulatory programs that provide measures for the protection of
groundwater quality, particularly in wellhead protection areas, need to be
fully implemented and enhanced where practical and economically
feasible.

2.2.3 Existing Protective Measures

Federal, State, or local protective programs exist in the County for most
sources posing a risk to groundwater. However, these programs are
geographically broad in focus. Generally, wellhead protection could be
enhanced by a more focused application of these programs. An evaluation
of existing programs has led to the following findings:

Underground Storage Tanks - Regulatory programs exist under federal
law to cover most fuel storage, and complementary State programs have
also been developed. - Inventories exist for all regulated tanks and the
tanks of concern are those which are exempt under State or federal rules.
These include farm fuel tanks and home heating tanks.

Hazardous Materials - Hazardous material regulatory programs exist
under State, federal, and local law. Federal and State regulation focus on
transportation and storage of hazardous commodities, and the transport,
storage, treatment, and disposal of hazardous wastes. Groundwater risk
continues from small quantity storage of hazardous material and
generation and disposal of hazardous wastes. Similarly, household
hazardous waste disposal continues to be a threat. Local programs have
been initiated to help minimize the threat from these sources.

Existing Contaminated Sites - Many contaminated sites in the County
have been identified. Further, programs are underway to reduce the risk
to groundwater from these sites, or to clean-up existing groundwater
contamination. Further work needs to be done to fully characterize
contaminated sites, to fully identify the source and extent of
contamination, and to fully evaluate clean-up options.

Septic Tanks - Local programs exist to control the density and to promote
maintenance of on-site septic systems. With wellhead areas defined, new
consideration needs to be given to allowable density of these systems in
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various wellhead zones. In addition, septic maintenance program efforts
can be focused to specific wellhead areas.

Stormwater Runoff - State programs exist to regulate stormwater runoff
from cities and large industrial sources. In addition, local programs are
now being implemented which will greatly strengthen the protection of
groundwater from urbanization activity.

Animal Waste Disposal - Educational and regulatory programs exist at
the federal and State level. Some siting control exists for locating new
facilities under local regulations. Federal programs of the United States
Department of Agriculture are primarily educational while some controls
exist under the Environmental Protection Agency for animal waste
disposal. At the State level, Ecology can regulate waste disposal under
either surface water regulations or the more recent groundwater
regulations. Again, however, these programs are broad in their
geographic focus, and wellhead protection would benefit from a more
narrow focus.

Pesticides and Fertilizers - Although some regulation of pesticide
applicators is in place, there is little control and few education programs
covering the use of pesticides or fertilizers. With the designation of
wellhead zones, the opportunity exists for focused education efforts, and
possibly some focused regulatory control.

New and Abandoned Wells - There are currently no controls over the
installation of new private domestic wells, with the exception of well
driller licensing programs, to help control construction standards. Larger
wells are permitted and regulated by Ecology. Further, there are no
programs to find and properly decommission wells which are no longer in
use (abandoned). Both the proliferation of private domestic wells, and the
existence of abandoned wells represent a threat to proper management
and protection of the groundwater resources.

2.2.4 Contingency Planning - Evaluation of Existing Approach

Because of the geographic and hydrologic separation of sources and the
strategic location of storage in the CPU system, loss of any particular
source can be accommodated. The existing contingency plan calls for
strategic pumping of various wells in the system, storage management,
and continued new source development.
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2.2.5 Spill Response Planning - Existing Plans

A review of existing spill response planning reveals an elaborate federal,
State and local system designed to handle all types of spills and on any
level of magnitude. Planning for the large, almost unimaginable size of a
spill is part of spill contingency planning and preparedness. However, on
a more "routine” level, most spills are small and require close coordination
with a group known as "first responders." These first responders are
generally local fire departments or districts, local law enforcement, or the
State Patrol.

While the response capabilities for the extremely large spills is not tested
often, experience in Washington with large oil spills in particular, has
shown that the system is capable of providing necessary response in an
efficient manner.

At the local level, the response capability is tested often and this
experience has demonstrated that response is generally efficient and
effective.

The following are key findings concerning this critical locai capability:
Local Fire Districts

Local operational response to hazardous material spills generally rests
with local fire departments or districts. Ior this plan, this translates to
the local fire districts of the County. All districts are trained in the
Incident Command System and are pre-designated as Incident Command
Agencies for events in their districts (with the exception of State
highways).

Vancouver Fire Department (Including Former Fire District Five}

One district in particular, is a key to the area’s spill response. Vancouver
Fire Department (former Fire District Five) is the area's hazardous
materials response agency (HAZMAT), and is well trained and equipped.
Operationally, the district has pre-arranged contracts with the other fire
districts to respond for HAZMAT incidents. The only exception, and one
of concern for Salmon Creek wellheads, is that no agreement exists with
the State Patrol for incidents on State Highways.
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State Patrol

The Washington State Patrol is the pre-designated Incident Command
Agency for all incidents occurring on State highways. Without a pre-
arranged agreement with the Vancouver Fire Department for HAZMAT
incidents, the State Patrol must contact an agency with jurisdiction and a
contract with Vancouver Fire Department in order to secure a HAZMAT
Team response. This situation may represent an unnecessary risk to the
waterways and wellheads particularly along Interstate 5.

2.3 Recommendations

The following actions are recommended as protective measures for CPU's
groundwater supply. Because CPU does not have land use or regulatory power,
CPU's activities are focused in cooperative, voluntary, and public
involvement/education areas. CPU will serve in a support role for all action
items for which it does not have lead responsibility. Further description of these
items can be found in the body of the report. CPU has lead responsibility for all
items in 2.3.3 below.

2.3.1 Land Use

Action Lead Responsibility
Establish Protective Zoning Regulations for Clark County
Wellhead Areas
Establish Protective Regulations Governing Clark County

Activities within Wellhead Zones

2.3.2 Regulatory

Action Lead Responsibility
Expanded Underground and Clark County or Southwest Washington
Aboveground Tank Regulation Health District '
Implement a Septic Maintenance Southwest Washington Health District
Program
Implement Mandatory Sewer Hook-up Southwest Washington Health District
Implement Increased Stormwater Clark County
Management Regulation
Implement a drywell inventory and Clark County
control program
Restrict Pesticide and Fertilizer Use in Clark County
Summary and Recommendations 2-8
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Wellhead Areas
2.3.3 Cooperative / Voluntary

Action L.ead Responsibility
Continue Streambank Stabilization Efforts CPU
Establish a Well Location / Status Program CPU
Decommission All Abandoned Wells CPU
Establish a Low Cost or Free Septic CPU
Maintenance Service
Continue Ground Water Monitoring Efforts CPU
Research Groundwater Recharge Methods CPU
Implement Water Conservation CFU
Develop Wellhead Spill Response Planning CPU
Inventory Land Use within Wellhead Zones CPU
Increase the Availability of Hazardous CPU
Material "Audits” to Small Businesses Southwest Washington Health District
Continue Source Deavelopment - CPU
Determination of Availability
Complete and Implement the Salmon Creek CPuU

Water Resources Management Plan

2.3.4 Public involvement / Information and Education

Action Lead Responsibility
Inform All Residents within Wellhead Zones CPU
of Boundaries
Develop a Comprehensive Wellhead CPU
Education Program
Continue Environmental Education CPU
Programs

2.3.5 Data Gathering

Action Lead Responsibility
Continue Collection of Well Pumping Data CPU
Continue Depth to Water Monitoring CPU
Well and Groundwater Water Quality CPU
Monitoring
Summary and Recommendations 2-9



December 30, 1994

2.4 Implementation Schedule and Budget

The majority of this WHPP can be implemented by CPU. However, CPU does
not have land use or regulatory authority. Consequently, the focus of CPU
activity will be voluntary, cooperative, and educational.

Specifically, CPU will be pursuing wellhead protection with a general approach
that encourages wellhead protection by making property ownership and living
in a wellhead zone desirable. CPU believes that this can most effectively be
accomplished through incentive programs and by providing wellhead protection
services to the public.

There is a time and place for controls and regulation. CPU fully supports a well
rounded program which is supported and enforced, if necessary, through
regulation.

An element by element estimate of the cost of this program indicates that the
cost could be between $200,000 and $600,000 in the first year, and about
$600,000, annually (Table 9-1). However, many of the activities covered under
this WHPP are budgeted or otherwise covered by other programs planned or
implemented by CPU. The impact of this program, therefore, will be significant,
but not as large as indicated by this summary of the costs of individual
elements.

This WHPP will be incorporated in CPU's planning for 1994 and beyond. At
that time, the incremental impact due to the incremental increase in activity
due to this effort and its effect on rates, if any, will be more apparent.
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Section 3
Aquifer Characterization

3.1 Introduction

A preliminary data assessment was conducted by Pacific Groundwater Group
(PGR) and Economic and Engineering Services (EES) in 1991 to facilitate
investigations for Clark Public Utilities' (CPU) Wellhead Protection Program
(WHPP). A Focus Area encompassing about 55 square miles in the Hazel Dell area
was designated for this investigation based on land use practices and on the
location of major water supply sources. Locations of the WHPP Focus Area and
CPU production wells are shown on Exhibit 3-1. The approach used for the
preliminary assessment included:

Q Characterizing hydrogeologic conditions in the Focus Area using existing data;
O Characterizing land use practices in the Focus Area;

Q Evaluating aquifer vulnerability in the vicinity of each production well;

Q

Computing capture zones and travel times for each production well using the US
Environmental Protection Agency (EPA) Wellhead Protection Model;

()

Identifying water supply sources which are at greatest risk to water quality
impacts;

QO Identifying areas where existing hydrogeologic data are insufficient for
assessing aquifer vulnerability, and designing a work plan for additional data
collection;

Q Analyzing available stream flow data for Salmon Creek to assess the interaction
between groundwater and surface water systems; and

Q Developing a work plan to monitor groundwater and surface water quality and
quantity in high-risk areas.

Based on the results of the assessment, a work plan was designed to evaluate the
vulnerability and sensitivity of CPU's water supply sources with respect to
potential and confirmed contaminant sources. In accordance with the 1991 Work
Plan, fourteen monitoring wells were installed at eight sites, and a
groundwater/surface water monitoring network was established for the Focus Area.
This report presents the findings of the WHPP investigation and incorporates the
results of installation and testing of the new monitoring wells and other work
proposed in the Work Plan, such as water level monitoring, water quality sampling,
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stream flow gaging, and continued precipitation monitoring. The results of this
additional work have provided a better understanding of hydrostratigraphy, aquifer
properties, hydraulic gradients, groundwater/surface water relations, and water
quality in the Focus Area.

Additional hydrogeologic investigations were initiated by CPU in the fall of 1993 to

" further evaluate the extent of groundwater contamination in vicinity of the

Boomsnub and Airco facilities near NE 78th Street and St. Johns Road. The
studies included installation of seven additional monitoring wells to better define
the extent of chromium and Volatile Organic Chemicals (VOC) contaminant plumes
and a refined assessment of the potential threats that the plumes pose to CPU's
water supply sources. The results of these investigations are presented in a
separate report (PGG, 1994).

3.1.1 Production Wells

The Hazel Dell well field comprises nineteen active production wells.
Locations of these production wells are shown on Exhibit 3-1. Construction
details and other pertinent data for the wells is presented on Table 3-1. The
well field lies entirely within the Salmon Creek Drainage Basin. CPU
Production Well Nos. 9, 17, 18, and 19 are shallow wells located along the
Salmon Creek corridor and are herein designated "Zone 1" wells. CPU
Production Well Nos. 4, 5, 7, 8, 10, 15, 22, 23, and 27 are shallow wells
located outside the Salmon Creek corridor, and are designated "Zone 2"
Wells. Well Nos. 14, 16, 20, 24, 25 and 26 are "deep wells” which do not fall
into either designation. The wells are pumped at rates which range from 250
to 1,600 gpm. CPU Well Nos. 22, 24, and 23 are former exploration wells
which are now used as supply wells. These wells were identified in previous
reports as Well Nos. 90-01, 91-01, and 91-02, respectively. CPU Well Nos.
25, 26, and 27 were just recently completed. These sources will be placed on-
line during the summer of 1994,

In addition to the production wells, CPU has also installed several non-active
production wells and exploration wells in the Hazel Dell vicinity. Table 3-1
summarizes construction details and other pertinent data for these wells.
CPU Well No. 7.2 (formerly designated as Well No. 90-02) is a replacement
well for existing Well No. 7. CPU Production Well Nos. 21 and 90-03 have
elevated manganese levels and will not be used until cost-effective treatment
can be developed.

The production and exploration wells yield water from one of three aquifer
systems, which include: 1) the lower Salmon Creek alluvial system; 2) the
Upper Troutdale system; and 3) the Lower Troutdale system. The Salmon
Creek alluvial aquifer is a shallow shoestring aquifer which occurs within
the lower Salmon Creek valley and yields moderate to large amounts of
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Table 3-1

Summary of CPU Production Well Data

UORDZLINO0IDY)) Jafinby

Production Completion Static Maximum Average
Well Ecology Test Well Local Well Altitude Well Depth  latervel  Water Level Static Date Source Nell Capacit:iWell Yield
Number Unique Number Number (-MSL) (ft-bgs) (ft-hgs) (ft-bgs} Aquifer (gpm} (gpm) Remarks
Wall ID [1] [2] £3]
Well 4 AAF409 e 03NA1E-34ddd1 194 278 176-277 103.5 11714778 QTu 260 105 Active supply well
Well & AADS00 een 02N/01E-11be 232 293 233-301 149.49 04/30/83 QTu 1200 540 Active supply well
Well 7 . AAD487 - 0ZN/01E-11aabl 237.7 206 173-208 139.73 04/21/93 QTu 580 330 Active supply well
Well 7.2 AAF498 Well 80-02 02ZN/01E-11pa 238 241 180-236 153.7 08/23/60 QTu 400 -~ Replacement well for Well 7, not currently used.
Well 8.1 AAD488 — 02N/O1E-04badl 208.1 400 227.285 1476 06/01/87 QTu 176 B0 Active supply well *
Well o AAD499 — 03N/01E-35abal 113.5 172 80-1685 75 1/ /63 QTu 700 385 Active supply well
Waell 10 AAF412 e 03N/OZE-31chel 250 300 185-296 88 070572 QTa 500 235 Active supply well
Well 14 AAF414 — 03N/01E-36aadl 250 435 380-429 165 06/27/88 QT 580 220 Active supply wall
Wall 15 AAF415 — 03N/01E-21edal 182 314 209.304 162.8 03/04/86 GTu 750 340 Active supply well
Well 16.1 AAF416 — 02N/01E-11babt 230 632 535-580 192.2 08/07/85 QT 770 320 Active supply well
Well 17 AAF417 - G3N/01E-35aba2 110 183 80-162 89,1 06/24/81 QTu 600 350 Active supply well
well 18 AAF418 — 03N/01E-27ddd1 45 62 32-62 8.6 02/26/62 Qal 600 230 Active supply well
Well 18 AAF419 - 03N/01E-27cdal 35 85 33-63 2.4 11/16/82 Qal 900 340 Active supply well
Well 20 AAF420 — 02N/01E-02ca 220 543.56 47655435 185.2 09/10/87 QT 800 200 Active supply well
Wall 21 AAF421 -— 03N/01E-27cd 190 272 210.5-272 10.0 05/25/89 QT 1000 —_ Not currently used becasue of high manganese.
Weli 22 AAF422 Wall 80-01 03N/01E-36ca 240 299 258-292 111.27 08/12/80 QTu 450 —_ Activs aupply well
Well 23 AAF423 Well 9102 02N/01E-11ca 270 2687.5 231-257.6 176.3 04/21/93 QTu 1600 — Active supply well
Weil 24 AAF424 Well 8101 02N/01E-1ba 270 464 400-458 234.58 0121592 QTL 650 - Active supply wall
Well 25 AAF425 Well 82-02 03N/02E-28ba 205 348 314-34]1 149.95 0407/93 QTi 350 —~—  Racently installed and tostad. Not currently online.
Well 26 AAF426 Well 83-05 03IN/02E-20ah 255 314 268-309 112 1/25/04 QTl 600 —_ Recently inatallad and testad. Not currently online.
Well 27 AAF427 Woell 93-01 G3N/01E-13ba 270 207 182-202 BO 4/29/93 QTu 250 —  Racently installed and tested. Not currently online.
— AAD470 Well 80-03. 03N/01E-24da 210 527 466-624 163.25 09/13/30 _ QT1 800 — __ Not currently used b of high mar

Notas:

{1] Aquifers include: Recent Alluvium (Qzl}, Upper Troutdale (QTu), and Lower Troutdale (QT).

2] Instantenecus well yield or design rate for well and pump.

{3] Avarage pumping rate for well based on CPU production data for the period 1985 through 1990.
Wells with "--" have not been operated or have limited historical production data.
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water to wells. The Upper Troutdale is the Regional Supply Aquifer, a
shallow aquifer system characterized by a series of interconnected
unconfined and semi-confined aquifers which yield moderate to large
quantities of water. The Lower Troutdale is a deeper, confined aquifer
system which occurs at depths of several hundred feet below ground surface
(bgs) and vields less water to wells than the shallow system which overlies it.
All three aquifers are described in detail in Section 3.3.

3.1.2 Previous Studies
1991 Work Plan

Existing information for wells, hydrogeology, water quality, and land use in
the WHPP Focus Area was most recently compiled and reviewed for the
Salmon Creek Wellhead Protection Program Preliminary Data Assessment
and Work Plan (PGG & EES, 1991). The data sources included regional and
local technical reports, and well, hydrogeologic, and water quality data. The
report provides a comprehensive summary of hydrogeologic data available for
the WHPP Focus Area, and summarizes results of a preliminary aquifer
vulnerability assessment and wellhead capture zone analysis. The report
also contained recommendations for additional data collection and analyses.

Other Hydrogeologic Investigations

The regional hydrogeology was characterized by Mundorff (1964) in Geology
and Ground-Water Resources of Clark County Washington, with a
Description of a Major Alluvial Aquifer Along the Columbia River. The
regional hydrogeology was further characterized by the U. S. Geological
Survey (USGS) in Portland, Oregon, in conjunction with the
Intergovernmental Resource Center (IRC) of Vancouver, Washington. The
joint effort facilitated development of a regional-scale groundwater flow
model, as well as characterization of regional geology, groundwater
hydraulics, groundwater recharge, water quality, and water use. These
issues, as well as recently compiled hydrologic data, are addressed in a series
of reports published by the USGS (McCarthy and Anderson, 1990;
McFarland and Morgan, 1991; Morgan and McFarland, 1991; Orzol, 1991;
Swanson and others, 1989; Swanson and others, 1991, and Swanson, 1991).
Swanson (1992) prepared wellhead delineations for approximately 40 public
water supply wells in Clark County using various modeling approaches.
Water supply management on a regional scale is addressed in the
Coordinated Water System Plan (CWSP) and the CPU Water System Plan
(WSP), issued every five years (EES, 1981; EES, 1985). The current CWSP
was completed by the IRC in 1991 (IRC, 1991). The current WSP was
completed by Economic and Engineering Services in 1993 (EES, 1993).
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Technical reports addressing the local-scale hydrologic systems are available
mostly in the form of groundwater management and well construction
reports submitted by consultants to various clients. Well construction
reports generally include geologic information, aquifer test results, and well
as-builts. Hydrogeologic investigations have been conducted for CPU to
address groundwater management issues in the Hazel Dell area, and include
a groundwater management plan prepared by Carr & Associates (1985); an
Aquifer Protection Strategy prepared by EES and PGG (1989); and a (Draft)
Hazel Dell Wellfield Optimization Analysis by PGG (1991a). CPU, in
conjunction with the Washington Department of Ecology (Ecology) and Clark
County (County) are currently developing a Water Resource Management
Plan for the Salmon Creek Basin. The study was scheduled to be completed
in early 1994, and to address water supply and water rights allocation issues.

Precipitation, Stream Flow, and Water Level Data

Precipitation, stream flow, and groundwater level data obtained prior to
implementation of the WHPP monitoring program are available from various
sources. Precipitation data for the Hazel Dell vicinity are available from at
least nine gages. Locations and periods of record for the precipitation gages
are presented on Table 3-2 and shown and Exhibit 3-1. A gage located at
Battle Ground High School has the longest record, dating back to 1941.

Table 3-2
Summary of Streamflow and Precipitation Monitoring Stations
Site Period of Collection Collection
Site Number Record Frequency Agency
Precipitation Stations
Salmon Creek P-1 1977 - present Daily Clark Co. Dept. Pub. Serv.
Treatment Plant
Hazel Dell P-2 1976 - present Daily Pat Timm
Battle Ground High P-3 1941 - present Daily Ralph Olmstead
School
Fort Vancouver High P4 1977 - present Continuous  Clark Co. Dept. Pub. Serv.
School
Orchard Elementary P-5 1977 - present Continuous  Clark Co. Dept. Pub. Serv.
School
Cougar Creek P-6 1988 (1-2 months) Daily USGS
Columbia River High P-7 1988 (1-2 months) Daily USGS
School
Vancouver Operations P-8 1991 - present Daily Vaneouver Dept. Pub.
Center Works
Ross Substation P-9 Daily Bonneville Power Authority
Aguifer Characterization 3-6
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Table 3-2 (cont)
Site Period of Collection Collection
Site Number Record Frequency Agency
Streamflow Stations
Salmon Cr. @ Battle 8-1 1943-1975;1988- Continuous USGS
Ground 1989
Salmon Cr. @ N.E. 8-2 1941-1943:1977 Continuous USGS
Caples Rd.
Salmon Cr. @ 156th St. 35-3 1990-present Continuous  Clark Co. Dept. Pub. Serv.
Bridge
Salmon Cr. Upstream of S4 1951;1988-1989 Continuous USGS
Hwy 99
Salmon Cr. Downstream 8-5 1990-present Continuous  Clark Co. Dept. Pub. Serv.
of I-5
Salmon Cr. @ Cougar S-6 1977 Continuous USGS
Cr.
Weaver Cr. @ SR-503 S-7 1941-1943;1947; Continuous USGS
1951;1973;1977
Mill Cr. @ Salmon Cr. S-8 1941-1943;1947; Continuous USGS
1951;1961;1967;19
77
Cougar Cr. @ N.E. 13th S5-9 1978 Continuous USGS
Ave.

Stream flow data have been collected by the USGS at various locations along
Salmon Creek and several of its tributaries. A summary of stream flow
gaging information is presented on Table 3-2. Gage locations are shown on
Exhibit 3-1. The USGS has historically monitored stream flow in Salmon
Creek at four locations. Except for the USGS gage at Battle Ground, the
periods of record for these gages are short; the gage at Battle Ground has a
34-year record. Tributary gaging has been conducted by the USGS for limited
time periods on Weaver, Mill, and Cougar Creeks (Table 3-2; Exhibit 3-1).
Stream flow monitoring was discontinued by the USGS in 1989.

Clark County Department of Public Services (DPS) has operated Salmon
Creek gages at Klineline Pond and at the 156th Street bridge since late 1989.
Although gaging records at the two sites are short, the DPS has collected
"spot check" stream flow data from the pre-existing USGS gauges to cross
correlate the flows.

Groundwater level data are generally recorded by drillers upon the
completion of wells, and are available in Ecology well completion records. A
more recent source of water level data is a database of private wells compiled
by CPU during a private well sampling program conducted in the summer of
1990. CPU personnel sampled over 4,300 private wells during the course of
this program, and measured water levels in all accessible wells. Water level
data in the Salmon Creek Basin have also collected and compiled by:
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Q The USGS, during the period from 1987 to 1989, for characterizing water
level trends and the regional groundwater flow system;

O Ecology, for over 60 wells historically, and for the twelve wells which
currently comprise their monitoring well network (Eylar, Anderson, and
Blair, 1990);

Q CPU, for their production wells, and for wells which comprised their
monitoring network, prior to initiation of the WHPP;

Q Other local water purveyors such as the city of Vancouver.
Water Quality Data

Limited water quality data for the County are published in Mundorff (1964).
CPU maintains water quality records for the production wells, which are
sampled annually for Washington State drinking water analyses. Water
quality sampling is required for all public water systems under Washington
Administrative Code (WAC) 248-54. Water quality data may therefore be
available from other purveyors within the County. CPU analyzed samples
collected from over 4,300 private wells for several key water quality
parameters (nitrate, bacteria, iron, manganese, specific conductance) during
their 1989 private well sampling program (PGQG, 1991b). Water quality data
are also available for studies in progress addressing groundwater
contamination problems at the Leichner Brothers Landfill, Boomsnub-Pacific
Northwest Plating, Airco Gases, and the Bonneville Power Administration
Ross Complex.

CPU Database System

Basic well data for the County and the WHPP Focus Area has been compiled
into a database management system. The database includes well location,
construction, water level, water quality, and geologic data. The database is
the basis for much of the technical analysis contained in this report and in
the 1991 Work Plan, as well as for other studies that were conducted by the
USGS and the JRC. A summary of groundwater data for the Focus Area is
presented in the 1991 Work Plan. A summary of database information can
also be found in USGS Open-File Report 90-126 (McCarthy and Anderson,
1990).

Land Use Information

Information related to existing land use practices was available from current
zoning data for Clark County and an initial survey of chemical use sites for
the Hazel Dell - Salmon Creek Drainage Basin. This survey was performed
as part of an Aquifer Protection Strategy for CPU and the Hazel Dell Sewer

Aquifer Characterization 3-8
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District (EES and PGG, 1989), and identified several land use activities with
the potential for providing a source of contaminants to the groundwater
system. These sites are shown on Exhibit 3-2. Appendix A contains a list of
sites identified in this survey. Each site was given an identification number
which can then be located within the WHPP Focus Area.

Location and Climate

The WHPP Focus Area is located in southwest Clark County, Washington,
and occupies about 55 square miles in the lower portions of the Salmon
Creek drainage basin (Exhibit 3-1). Prominent surface water features in the
Focus Area include Salmon Creek and its tributaries, Burnt Bridge Creek,
Vancouver Lake, and Klineline Pond. CPU's active production water wells
lie within the boundaries of the WHPP Focus Area. The major population
center in the Focus Area is Hazel Dell, a rapidly urbanizing area north of
Vancouver.

Clark County has a marine warm-temperate climate, with relatively warm,
dry summers, and typically mild, rainy winters. Approximately 75 percent of
the total annual precipitation in the County occurs during the months of
October through March (Mundorff, 1964). The remaining 25 percent of the
total annual precipitation occurs from April through September. Average
annual precipitation at Battle Ground, Washington, located several miles
northwest of the WHPP Focus Area, is about 50.9 inches for the 40-year
period from 1949 through 1989. Average annual precipitation at Vancouver,
Washington, located several miles south of the Focus Area, is about 37.3
inches for the 71-year period from 1849 through 1868, 1888 through 1892,
and 1898 through 1955 (Mundorff, 1964).

3.2 Wellhead Protection Field Investigation

Field investigations for the WHPP included installing fourteen new monitoring
wells at eight sites, establishing a monitoring network consisting of the new wells
plus existing domestic wells, measuring water levels on a monthly basis, collecting
water quality samples from selected wells during four sampling events, and gaging
stream flow at nine locations along Salmon Creek. A description of each activity
follows.

3.2.1 Monitoring Wells

In accordance with the 1991 Work Plan, a network of monitoring wells was
established for the Focus Area. The network includes fourteen new
monitoring wells at eight sites, and 27 existing wells. Locations of these
wells are shown on Exhibit 3-3. The selected locations were based on results
of the preliminary aquifer vulnerability assessment and the wellhead capture
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zone analysis completed for the 1991 Work Plan. These results indicated
that the most vulnerable areas for the Regional Water Supply aquifer were:
1) the area west of the intersection of 78th Street and St. John's Road, where
Boomsnub, Airco, and other industrial facilities are located; and 2) the area
west of the Highway 99 corridor, which is the center of the commercial
district in Hazel Dell. Of the 35 wells included in the monitoring network, 28
occur within a one mile radius of the Boomsnub and Airco facilities. This
area (herein designated the "78th Street Critical Area”) is of particular
concern because chromium contamination has been found in the upper
aquifer. The location of the Critical Area is shown on Exhibit 3-1. VOC
contamination has also been recently detected in samples from several wells
which are completed in the regional water supply aquifer. The area has been
under investigation by Ecology since 1987.

New Monitoring Wells

Results of preliminary hydrogeologic investigations to characterize the
subsurface geology and hydrologic flow system in the WHPP Focus Area
indicated several critical areas where additional data were necessary. In
order to facilitate this additional data collection, 14 monitoring wells were
installed at eight sites. The well sites are MW-1, MW-3, MW-4, MW-5, MW-
6, MW-7, MW-8, and MW-9. Two wells were installed at each site except for
MW-6 and MW-8. A summary of well construction data is presented in Table
3-3. The monitoring wells were installed to provide further characterization
of hydrostratigraphy, aquifer properties, water levels, groundwater flow
directions, and water quality.

The monitoring wells lie along groundwater flow paths of interest in the
WHPP Focus Area. Well locations were selected in areas of relatively high
aquifer vulnerability based upon the results of vulnerability matrix and
capture zone/travel time analyses presented in the 1991 Work Plan (PGG &
EES, 1991). The wells were drilled a sufficient depth to penetrate the
regional water supply aquifer. In order to provide additional data regarding
vertical hydraulic gradients and water quality distribution, double
completion well designs were used where saturation occurs in the regional
aquifer and in the overlying upper aquifer '

All wells were designed and installed according to Ecology's criteria as
outlined in Chapter 173-160 WAC, Minimum Standards for Construction
and Maintenance of Wells. Appendix B contains a detailed description of
field procedures related to the drilling and installation of each well.
Appendix B also contains Exhibits B-1 through B-8, which present a geologic
log and an as-built diagram showing the construction of each well. Table 3-3
summarizes construction details for the wells. The wells were drilled using
the cable-tool method. @ Well depths ranged from 46 to 87 feet
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Menitoring Network for CPU Wallhead Protection Progrem

Table 33

L Phots Well Topol Bottomof Comploted  Meaping Point MP. Elav.  Well Coordinates Water Loval Wator LovaWater Lovel Monitoring

Local No. wdl ID Owner Address Number Depth Screen Bcreen  Aquifer Description Elevation Code X Y  Jepth (t-BMP  Dats Ilev. (ft-MSL Activity
O0INOIE-12ABB1  MW.13 CrU £ wde of 78th St.; 1300° W, Shell Stz 699-3263 66.0 48.0 63.0 Qul 84" PVC Caming; 1.88' als 260.98 8 1455880 Bnn 1L.67 o431/83 249.71 wLwQ
OINOIE-13ABBZ  MW-1D CPU 8. dde of 78th St.; 1300°W, Shell Sts  699.3362 1816 184.5 1886 qn 874" FVC Caaing; 1.68' ala 260.98 B 1485880 133112 133.11 042193 127.87 WLWwQ
OINOLIE-11AAA1 MW-3S CPU 8. side of T0th Si; west of 30th Ave  99-3283 .0 65.0 70.0 Qal 34" PVC Casing; 1.61' aln M8 B8 1462941 Lasass 818 042193 131.59 WwWLWQ
OINALE-11AAAZ  MW.ID CPU 8. dide of 78th St.; west of 30th Ave  595-3283 e 210.0 215.0 qm 3/4" PYC Casing: 1.61' als 248.77 8 1462981 133388 136.13 w119 111.85 WLWQ
0INOIE-0IDBD]I  MW4S CrU W. nide of 25th Ave; near 84th St 6993263 €10 60.0 66.0 Qel 8r4° PYC Casing; 2.6%" als M0 S 148189% 135173 718 0421553 318.47 WLWQ
0INALIE-0ZDBDI MWD CPU W. wids of 26th Ave; pear 84th St 899-32163 210.0 203.0 204.0 qn 84° PVC Caxing; 245" ala 2343 g 1461699 135173 132.12 042183 103.08 WLWQ
OINAOIE-34ACAL  MW.E8 cpu Snepjrwes Elem School 698-2263 121.5 124.8 1286 Qm 24" PVC Coxing; 2 06 alx 160 M 103.04 0/21/9% £6.82 wLwQ
CINALE-S4ACAT MW.6D cPuU Sacojawes Elem School 659-3263 171.0 164.0 189.0 qrt 8/4" FVC Caging; $.08" als 160 M 1068 w2163 53.2 WLWQ
0INAE-35BD MW-6 CPU W. wide of HWY 88 poar 112th St. 699-3263 176.8 168.6 1736 qn 84" PYC Caxing; 247 ols 160 M 1i1.09  oddles i8.97 WLWQ
DINNIE-26CARI  MW.73 CPU Saimon Creck Elem. School 699-3163 45.0 a8.0 43.0 Qal 34" PVC Casxing; 2.12 als 205 M 160 2188 188.71 WLWwWQ
QINALE-28CABY  NIW.7D CPU Salmon Creek Elem. School 699-3263 1.0 224.0 225.0 qne 34" PVC Casing; 2.12' als 208 M 64 O4dlraz £8.38 WLWQ
OINO1E-35BBD MW.8 CPU Klineline Park Parking Lot 639-3263 418.0 38.0 43.0 qQne 34" FVC Caxing; 1.99' als 50 M 1732 0421582 32.62 WLWQ
0INAOIE-26CCAL  MW-8S cru E. side of Liberty Aihle Church 699-3263 40.0 3.0 8.0 Qal? 34" PVC Caning; 347 alx 115 M 308 042293 111.95 WL Wq
0INOIEZSCCAZ  MW-0D CPU E. aide of Liberty Bible Church £99-3163 1.0 80.0 86.0 Lr 51 84° PVC Caging; 242 alx 115 M 5.77 O422/93 109.23 WLWQ
03NOIE-11BAC  Well § CPU 7701 NE 16th Ave 8a9-3283 301 233 0t qTt Top of #/4” savnding tobe 1329 8 1449453 152661 14848 0400098 83.41 wLwWG
0INAOIE-L1AAC Wl 7.1 cru Approx T6th 5t & 26th Ave 699-3163 188 QT Top of sceess port on 16 camiz 240.1 8 1452386 133453 139.73 w293 100.37 WL
U2NMIE-11ABD Wdl23 cpu WSU Ag Center, T8th St 699-3283 2676 233 2675 qn 8/4" PVC Casing; 0.5¥ als 26837 8 14560920 137 1788 42143 8741 WLWG
03INAIE-01CDB Hungzinger (Williams) 8613 NE 62nd Sirewt 54-1470 115 Qal 143" veot tube K 8 I4E4888 134289 35 0493 342.39 WL
02N/1E-12BAB2 Gerrism 3611 NE 78th Street B44-7161 213 qr 1/2" vent tube; 0.90 als 280.57 8 1454938 133054 185.58 042182 135.02 WL
O02NALE-FZABCY Hennett, P 7403 NE St Johns Rd 6940662 182 qre 172" vent tube; 0.7 als 266.86 -3 1458063 133450 139.16 0415793 126.49 wWLWGq
02NAIE-12BAD Zent 7310 NE St Johns Rd 653-0281 F 1] qn Top of cosing 283.79 8 145573% 132536 138.91 040893 Yid 88 WL
D2NA1E-12ACC Orimm, M ] {deep)} 6917 NE 40th Ave. 694-2188 i90 qn Top of easing; 1.1Z bls s M WL
0INGIE-12ABCE Urimm, M §2-(ghallow) NE St Johnx R4 Qal 268 M wq
0ZNQIE-11ADC Vaughn 6916 NE 37Tth Ave 693.0468 294 QT Top of Casing (saxt); 0.4 als 268.14 8 1452264 181372 176.864  04/21/93 89.78 WL
0INOLE-GLDAD Ash 4811 NE 88th Street 187 qn Top of casing; 0.85 ala 287.38 -3 1458197 136167 4701  wides 140.25 WL
0ZNALE-12ADD Welch, G 6917 NE 4Tth Ave. 63)-6420 486 Qal Top of easing; 5.1' als 2761 8 14E7758 130954 U9 042ues 60.2 WL
UINALE-01DCD Crockfard 4316 NE 7Tth Street 674-3385 [+ Qal Top of cazing; 4. bls a77.09 8 1458763 133813 3268  04/13/9% 245.41 WL
0aN/O1E-12ABD Colf (Haystay, P&V) 7301 NE dird Ave 6984378 50 Qs Top of casing; 0.7 aly PuBRY 8 1466408 1820238 1812 da2imy 253.05 WL
QAN/IE-12ADB Hass (Haystay, D) T116 NE 47th Ave 696-4786 170 QT 285.21 8 1457183 131344 163.88 O04/21/93 131.32 wL
02IN/O1E-121BABI Ham J50TNE Tith Atreet 674-6645 65 Qal 1/2" vent tnbe; 0.95 als 28514 8 1454629 180176 434 Qa9 4174 WL
GAN/GLE-12ADC Copeland, ¢ £804 NE 47th Ave. 863-68781 a0 14 30 Qal Top of casing; 1.5 ala 2724 8 45714 130708 1643 42103 258 WL
0INIE-OTBR Farnsworth 7404 NE 63rd Ave 895-1985 113 43 47 Qal Top of casing; 0.90 als 278.01 8 1458117 132314 21.28 041%93 256.96 wL
02N/OZEOTCAL Hausen, Jim 6711 NE 85th Ave 694-6242 287 Qn 172" vent tbe; 0.50 aly 00.2 8 1460831 130487 167.13 042193 143.17 WL
0INAOZE-0SDE Scote, F 6301 NE 84th Sireet 676-1630 156 qn 172" veni tabe; 0.67 aln 261.68 8 1461680 135856 118.86 O4/13/98 144.67 WL
0INALE-1IACC Whittaker, F 7003 NE 40th Ave. B54-0635 120 Qsl 34" veni tube; 115 als <88.97 8 1465401 131286 40.14  0421/03 248.83 WL
03NOIE-D1BAD Pilley 410 NE 38th Ave, 674-3709 157 aT 172" veot tube 28838 8 1465687 137481 151.61 04393 136.74 wL
0INOIE-02CDB Amanda 3067 NE 13 Ave. QT 172" vant tube; 0.53" als 2189 8 1448040 134043 131,85 o133 565 Wi
02N/OLE-12DAB Martin 4301 NE 658th Strest 693.1436 200 QL Tep of caxing; 0.80 ala 270.48 8 1457808 130802 144.02 0421593 135.44 wL
0IN/ZEOTCRB Lindeman 8608 NE EGth Street 1] Qal 3/4° vent tube; 1LAT als ar0.18 ] 1469033 130408 11.67 042192 258.51 Wi
0INA2E-DTBCCI Stevens 5104 NE 80th Street 47 36 42 Qal 283.76 8 1465484 181397 7.3 oDeel 256.66 wL
02ZNAIE-OTRCC2 Ouervey 5000 NE 68th Stxwat 76 Qal /4" vant tube; 0.7T als 267.88 8 1458088 130768 15.08 o0e0 282.8 WL
OINAIE-12ACD Goalby (Bumnett) 7003 NE 43rd Ave 123 Qal 8/4" vent tube; 4.8 bls 283.18 B 1458836 181420 3615  O4alm 347.01 WL
0INNEE-0ECCC Cdlumbia Vet QT 287.538 8 14684438 133604 144.62 01383 142.918 WL
03NNIE-35BD Felter QF wQq
Notes:

Manitaring sctivity indudes watar Level (WL} and water quality sampling (WQ.

Elevaticn codes refle ta surveyed contrd (S) or tepography map devationa (M).
“* Relere o interpolated values
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within the Salmon Creek corridor (MW-8 and MW-9), from 171 to 231 feet at
the three sites that lie upgradient of the Salmon Creek corridor (MW-5
through MW-7), and from 191.5 to 217 feet in the areas upgradient of CPU
Well Nos. 5, 7, 7.2, and 23 (MW-1 through MW-4). In all cases, a borehole
diameter of 8 inches was used. Well Nos. MW-1, MW-2, MW-3, MW-4, MW-
5, MW-7, and MW-9 were completed with two 2-inch PVC wells. Well Nos.
MW-6 and MW-8 were completed as single wells. The two-inch PVC
monitoring wells each had 5 feet of slotted screen set within an appropriate
filter pack. Centering guides were used to center the monitoring wells within
the boreholes. Single completions were installed where saturation was not
encountered in the upper aquifer. In double completion wells, a bentonite
seal was installed between filter packs to prevent flow between the two
completion zones.

Monitoring well site MW-1 is located in the 78th Street Critical Area,
approximately 500 to 1,500 feet west and downgradient of Boomsnub. The
site lies within the five year travel time boundary for CPU Well Nos. 5, 7, 7.2,
and 23. The site was chosen to obtain water level and water quality data to
assess local groundwater flow directions and chromium and migration from
the Boomsnub facility. In addition, VOC samples could be collected to assess
organic contamination in the area.

Monitoring well site MW-3 is located on N. E. 78th Street near N. E. 30th
Avenue. The site is situated approximately 500 to 800 feet upgradient of
CPU Well Nos. 7 and 23, within the one-year travel time boundary.

Monitoring well site MW-4 is located on N. E. 25th Avenue near N. E. 83rd
Street. The site is situated approximately 3,000 feet upgradient of CPU Well
Nos. 5 and 91-02 and within the five-year travel time boundary.

Monitoring well site MW-5 is located at the Sacajawea Elementary School
near N. E. 112th Street and N. E, 6th Avenue. The site lies approximately
2,000 feet south of Salmon Creek and upgradient of CPU Well Nos. 18 and
19. The site lies within the five-year travel time boundary and downgradient
of the Interstate 5 and Highway 99 commercial corridor.

Monitoring well MW-6 is located on the south side of Salmon Creek near
Highway 99 and N. E. 110th Street. The site is situated in the vicinity of the
Interstate 5 and Highway 99 commercial corridor and upgradient of CPU
Well Nos. 9, 17, 18 and 19. The site lies within the five-year travel time
boundary of the Salmon Creek Zone 1 wells.

Monitoring well MW-7 is located on the north side of Salmon Creek
downgradient of the Highway 99 and Interstate 5 commercial corridor. The
site is situated upgradient of CPU Well Nos. 18 and 19. The site lies within
the five-year travel time boundary.
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Monitoring well MW-8 is located on the south side of Salmon Creek
approximately 300 feet upgradient of Well No. 18. The site was chosen to
provide an upgradient sampling point for Well No. 18 and water level data to
facilitate analysis of stream-aquifer continuity and local groundwater flow
directions.

Monitoring well MW-9 is located adjacent to Salmon Creek near Salmon
Creek Avenue and N. E. 127th Street. The site was chosen to provide water
level data for assessing stream-aquifer continuity, as well as local
groundwater flow directions and general upstream water quality conditions.

Existing Wells

Based on review of geologic logs and well construction data, 27 private
domestic wells were selected to monitor water levels in the Focus Area. Four
of these wells were also selected to monitor groundwater quality. The
locations of the private domestic wells are shown on Exhibit 3-3 and listed on
Table 3-3. Table 3-3 also presents construction information for these wells.
The wells used for water level monitoring are located primarily within the
78th Street Critical Area and yield water from either the Regional Supply
Aquifer (Upper Troutdale) or the upper alluvial aquifer. Three of the wells
used for water quality monitoring (the Bennett well and two Grimm wells)
and are located within one mile of the Boomsnub and Airco facilities; the
remaining well (the Felter well) is located along the Highway 99 corridor. All
of these wells except one of the Grimm wells yields water from the Regional
Supply Aquifer.

3.2.2 Water Qualify Sampling

A water quality monitoring program was developed in order to: 1) further
assess the water quality of the Focus Area; 2) refine the understanding of
potential land use impacts on the groundwater system; 3) provide advance
warning of potential water quality threats to CPU production wells; 4)
evaluate the extent of surface water influence on CPU's Zone 1 Wells; and
5) assess compliance with drinking water regulations.

Water Quality Parameters

The 1991 Work Plan recommended the following categories of contaminants
for further study based on the types of activities in the Focus Area, the
proximity of potential contaminants to CPU supply wells, and their health
and aesthetic implications:

Q Contaminants derived from sanitary sewage, because of the major areas
of unsewered land served by on-site septic systems.

Agquifer Characterization 3-15
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Q Contaminants derived from fuel and other petroleum product sources,
because of the number of service stations and fuel storage tanks in the

area.

Q Volatile and semi-volatile organic constituents, because of the number of
dry cleaners and auto repair shops in the area.

O Metals, because of their toxicity and presence in auto repair shops.

QO Natural contaminants, because of their generally widespread occurrence
and the resulting aesthetic problems they can create.

A list of specific water quality parameters is shown in Table 3-4.

Table 34
List ot Water Quality Parameters for Monitoring Program
Group
Bacteriological Total Coliforms Primary
Fecal Coliforms Primary
Physical Total Dissolved Solids --
Color -
Field Temperature -
Field pH -
Turbidity -
Field Conductivity -
Inorganic Hardness -
Alkalinity -
Bicarbonate
Calcium
Magnesium —
Potassium —
Sodium Primary
Chloride Secondary
Fluoride Primary/Secondary
Nitrate-N Primary
Carbonate
Silica -
Sulfate Secondary
Metals Arsenic Primary
Zinc Secondary
Silver Primary
Selenium Primary
Mercury Primary
Barium Primary
Copper Secondary/Primary
Cadmium Primary
Lead Primary
Chromium Primary
Iron Secondary
Manganese Secondary

Aquifer Characterization
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Table 3-4 (cont)
Group

Volatile Organics Benzene Primary
Carbon Tetrachloride Primary
p-Dichlorebenzene Primary
1,2-Dichlorobenzens Primary
1,1-Dichloroethylene Primary
1,1,1-Trichloroethane Primary
Trichloroethylene Primary
Vinyl chloride Primary
*cis-1,2-Dichloroethylene Unregulated - List 1
*trans-1,2-Dichloroethylene Unregulated - List 1
*1,2-Dichloropropane Unregulated - List 1
*9-Dichlorcbenzene Unregulated - List 1
*Ethylbenzene Unregulated - List 1
*Monochlorobenzene Unregulated - List 1
*Styrene Unregulated - List 1
*Tetrachloroethylene Unregulated - List 1
*Toluene Unregulated - List 1
Bromobenzene Unregulated - List 1
Bromodichloromethane (THM) Unregulated - List 1
Bromoform (THM) Unregulated - List 1
Bromomethane Unregulated - List 1

Chlorodibromomethane (THM)
Chloroethane

Chloroform (THM)
Chloromethane
o-Chlorotoluene
p-Chlorotoluene
Dibromomethane
m-Dichlorobenzene
Dichloromethane
1,1-Dichloroethane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
1,3-Dichloropropene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,2,3-Trichloropropane
*Total Xylenes
Bromochloromethane
n-Butylbenzene
Dichlorodifluoromethane
Fluorotrichloromethane
Hexachlorobutadiene

Unreguiated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 1
Unregulated - List 3
Unregulated - List 3
Unregulated - List 3
Unregulated - List 3
Unregulated - List 3

* Parameters have been assigned MCLs under Phase II of the SDWA.

Aquifer Characterization
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Water Quality Data Collection

Groundwater - Four rounds of water quality monitoring were completed for
the new monitoring wells and selected private domestic wells. The data
collection and analysis plan was developed by reviewing historical water
quality information regarding the occurrence of contamination, and by
assessing predominant land use activities in hydrogeologically sensitive
areas. Water quality indicator parameters were measured in samples from
wells primarily situated along the Highway 99 corridor and near the 78th
Street Critical Area. Categories of parameters which were monitored
included coliform bacteria, regulated inorganics, unregulated inorganics,
regulated volatile organics, and unregulated volatile organics. A complete
list of individual parameters is provided in Appendix C, the QA/QC Plan.
Sampling was conducted semi-annually for most parameters so that seasonal
variations could be monitored. Nitrate, chromium, and bacteria were
monitored on a quarterly basis at selected locations. Sampling was
conducted in November, 1992, and in February, May, and September 1993.
The water quality data collection program for the new monitoring wells and
the four private domestic wells is summarized in Table 3-5. Water quality
samples were collected by qualified CPU personnel. Laboratory and field
sampling protocol are presented in Appendix C, the Quality
Assurance/Quality Control (QA/QC) Plan. Preliminary monitoring results
are summarized in Section 3.7.2.

Table 3-5
Water Quality Data Collection Plan

Regulated Additional
Physical & Physical &  Total
Bacteriological Nitrate* Inorganic Inorganic Chromium VOCs
Well Number (#/year) (#/year) (#/year) (#/year) (#/year) (#/year)
MW-1 (shallow) 2
MW-1 (deep)
MW-3 (shallow)
MW-3 (deep)
MW-4 (shallow)
MW-4 (deep)
MW.-5 (shallow)
MW-5 (deep)
MW-6
MW-T7 (shallow)
MW-7 (deep)
MW-8

N L o T
B B2 BD OBD OBD OB BN BN NN
BB B B BB BN RN NN
BN N NN R DN NN NN
C O OO O O N NNDNDN
B DD DD DD B OB BB NN
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Table 3-5 {cont)

MW-9 (shallow) 4 2 2 2 0 2
MW-9 (deep) 4 2 2 2 0 2
Existing Wells

EwW-1 4 2 2 2 2 2

EwW-2 4 2 2 2 2 2
Trip Blanks 4 0 0 0 1 2
Field Dups 4 2 2 2 1 2

* Nitrate monitoring is in addition to that included in Regulated Physical and Inorganic
Parameters

ATotal chromium monitoring is in addition to that included in Regulated Physical and Inorganaic
Parameters.

Surface Water - The Clark County Department of Trade and Economic
Development (DTED) has recently completed a preliminary monitoring
program to assess potential surface water quality problems and nonpoint
sources within Salmon Creek Basin as part of a Watershed Master Plan
(Clark County Planning Department, personal communication, 1993). The
program specified wet and dry season surface water sampling at eight sites
along Salmon Creek, and analysis of sediment samples from sites
downstream of the Interstate 5 corridor. Parameters analyzed included
priority pollutant analyses for sediment samples, and land use indicators
such as phosphorus, nitrogen, nitrate and BOD for water samples.

The 1991 Work Plan (PGG & EES, 1991) recommended development of a
monitoring program to evaluate the influence of surface water on CPU's Zone
1 Wells near Salmon Creek. This recommendation was made in anticipation
of the Surface Water Treatment Rule (SWTR) which was recently finalized as
part of the federal Safe Drinking Water Act (SDWA) Amendments of 1986.
The SWTR, when implemented, will impose the requirement that all water
sources be defined as either surface water, groundwater under the direct
influence of surface water, or groundwater (not under direct influence of
surface water). Sources which fall under one of the first two categories would
be subject to the requirements of the SWTR, which will make a significant
difference in treatment, operation, and monitoring. The Washington
Department of Health (DOH) is responsible for developing the criteria which
will be used to make this classification. These criteria will most likely
include well construction and proximity to nearest surface water, historical
water quality records, and particulate analysis characterization.

A future monitoring program will be designed to incorporate data from the
County study with water quality data obtained by CPU for Zone 1 Wells
(Well Nos. 9, 17, 18, and 19) and Salmon Creek. Water quality data
collection will most likely include frequent sampling for turbidity,
temperature, conductivity, and coliform; these data will provide the
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background necessary for determining whether the Zone 1 wells are under
the direct influence of surface water. Historical water quality records will be
reviewed and will likely include raw water total and fecal coliform data, raw
water turbidity data, and data for temperature and turbidity from the well
and nearby surface water. Particulate analysis is intended to identify
organisms which occur only in surface water as opposed to groundwater, and
whose presence in a groundwater would clearly indicate that at least some

surface water has been mixed with it. Particulate analyses of well water may

be the most critical assessment used to determine direct surface water
influence; however, the EPA has not yet refined the evaluation technique.

3.2.3 Water Level Measurements

Water levels were measured in the newly-installed monitoring wells, in CPU
production wells, and in selected private domestic wells. A map showing the
water level monitoring sites is presented in Exhibit 3-3. Table 3-3 contains
information related to the location, ownership, and construction of wells
included in the water level monitoring network.

Private domestic wells were selected for the water level monitoring network
based on criteria such as location, accessibility, aquifer completion interval,
etc. Wherever possible, geologic logs and well construction data were
obtained and reviewed for prospective monitoring wells. In addition, a field
survey was conducted in order to verify the location and accessibility of each
well. Wells were selected primarily on the basis of the field inventory
results. All of the wells that were selected are completed within either the
Regional Supply Aquifer or the overlying shallow alluvial aquifers where
wellhead protection issues are of greatest concern.

Qualified CPU personnel measured water levels in the wells using an electric
well sounder (or a pressure transducer where equipped) to an accuracy of
0.01 foot. The monitoring program has been completed for the first year.
Water levels were measured monthly in the fourteen new monitoring wells,
and during wet season and dry season in all other wells to facilitate
development of groundwater level contour maps. Measuring points were
established and water level data were recorded on standard Ecology well
data forms.

In March 1992, Ecology, the County, and CPU entered into a Memorandum
of Understanding (MOU) designed to define a long-term partnership for
management of water resources in the Salmon Creek Basin. The MOU
resulted in the development of the Salmon Creek Water Resources
Management Plan. In accordance with this plan, CPU is currently
measuring, and will continue to measure, water leveis in WHPP monitoring
wells and other wells. This extended monitoring will provide data for long-
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term analysis of water level trends. A total of approximately 60 wells in the
Salmon Creek Basin have been selected for long-term water level monitoring.

3.2.4 Wellhead Survey

Water level measuring point elevations and well locations for WHPP
monitoring wells located outside the 78th Street Critical Area were
determined using a USGS 7.5 minute topographic quadrangle. These
wellhead elevations are accurate to only within + 5 feet. In order to provide a
basis for accurate assessment of groundwater flow patterns within the 78th
Street Critical Area, however, wellhead elevation and location surveys were
required. The surveys were conducted by Hagedorn, Inc., of Vancouver,
Washington. The surveyed measuring point elevations are accurate to
within + 0.01 feet. The surveyed well locations are accurate to within 0.1
foot, and were reported in the State plane coordinate system. Wellhead
elevations and locations for all monitoring wells are included in Table 3-3.

3.2.5 Streamflow Monitoring

Gaging streamflow in Salmon Creek is necessary for understanding the
system water balance and the relationship between groundwater and surface
water, and for evaluating water quality in the WHPP Focus Area. Mundortff
(1964) and Carr (1985) established that influent (losing water to the
subsurface) conditions exist in the lower portions of the Salmon Creek. Thus,
surface water quality could ultimately affect the quality of water from
shallow wells that occur in this area.

Nine stream gaging stations have been established in the Focus Area on
Salmon Creek and its tributaries by CPU and the Clark County DPS. The
stations include:

Q Staff gage on lower Salmon Creek near CPU Well No. 19 (CPU).

Staff gage on Canyon Creek near CPU Well No. 19 (CPU).

Data logger/staff gage on Salmon Creek at Klineline Pond (DPS).

Staff gage on 119th Street tributary to Salmon Creek (CPU).

Data logger/staff gage on Salmon Creek at near USGS 14213000 station
site (CPU).

Staff gage on Salmon Creek just downstream of the 50th Avenue bridge
(CPU).

Data logger/staff gage on Salmon Creek at 156th Street Bridge (DPS).
Staff gage on Woodin Creek (CPU).

Q Data logger/staff gage on Salmon Creek at USGS 14212000 station site
(CPU).

U OO00oD

(MR
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Gaging station information is summarized in Table 3-2 and gage locations
are shown on Exhibit 3-1.

The USGS has gaged Salmon Creek in the past at four different locations;
these locations are shown on Exhibit 3-1 and are described on Table 3-2. The
Battle Ground gage has the longest period of record (34 years); however, this
gage is located downstream of the bedrock portion of the drainage basin, and
is too far from the Focus Area to assess stream/aquifer interaction. Although
the remaining three gages are closer to the Focus Area, their records are
short and sporadic. The USGS has also conducted several base flow
(seepage) stream surveys along the Salmon Creek corridor as part of the
Ground Water Management Area field studies program. The results of these
studies were summarized by McFarland and Morgan (1991).

Gaging is presently conducted by the DPS at two sites within the WHPP
Focus Area. These sites are located in Hazel Dell at Klineline Pond, and in
Brush Prairie at the 156th Street bridge. Both gages have operated from late
1989 to the present.

The 1991 Work Plan recommended that CPU conduct long-term continuous
gaging of Salmon Creek to provide baseflow data for: 1) assessing trends
related to changes in recharge associated with urbanization/runoff
management and natural variation of precipitation; and 2) increasing our
understanding of groundwater and surface water interaction by further
defining gaining and losing reaches of Salmon Creek. In order to fill this
data gap, two of the old USGS gaging stations were equipped with pressure
transducers and data loggers to provide a continuous record of streamflow.
The streamflow data are stored digitally within field computers. The
continuously-gaged stations maintained by CPU are located near Battle
Ground and near the where the Interstate 205 bridge crosses Salmon Creek
(Northcutt residence). CPU also maintains staff gages at several other
stations (see above list). Stage readings are collected approximately every
two weeks from the staff gages or when stream surveys are performed.
Stream surveys are performed periodically to establish relationships between
stage height and discharge (i.e. rating curves). A Swoffer current meter is
used to measure streamflow velocities and determine flow rates during these
surveys. Unfortunately, the streamflow at several of the gaging stations
cannot be safely measured when the flows exceed about 250 cubic feet per
second (cfs).

3.3 Hydrogeology
3.3.1 Hydrogeologic Units
The WHPP Focus Area lies within the physiographic trough between the
Cascade and Coast Ranges in southwest Washington, along the channel of
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the ancestral Columbia River. Four principal hydrogeologic units are known
to occur in the Focus Area within the interval from land surface to a depth of
about 1,000 feet. These units range from Pliocene to Recent in age, and
include: 1) Recent Floodplain Alluvium, 2) Pleistocene Alluvial Deposits, 3)
the upper member of the Troutdale formation, and 4) the lower member of
the Troutdale formation. Exhibit 3-4 is a map which shows surface outcrop
patterns for the units as well as locations of cross section alignments.
Exhibits 3-5, 3-6, and 3-7 are cross sections which show subsurface
relationships for the hydrogeologic units.

Of these four units, only the upper and lower members of the Troutdale
formation comprise the principal water supply sources in the WHPP Focus
Area. The Upper Troutdale forms what has been referred to in preceding
sections of this report as the "Regional Supply Aquifer” in the WHPP Focus
Area. The Pleistocene Alluvial Deposits form what has been referred to in
preceding sections as the "upper aquifer.” Because the permeability of this
aquifer is low, the unit is not used for public water supply. The Alluvial
Deposits are used to some extent to provide small amounts of water for
domestic supplies. The Recent Floodplain Alluvium is not regionally
extensive; and therefore, serves as an important aquifer only in localized
areas along the Salmon Creek corridor.

The characteristics of surface and near-surface soils associated with these
hydrogeclogic units have a significant effect on the vulnerability of each
aquifer to water quality impacts which occur as a result of contaminant
releases at the surface. In general, aquifer vulnerability decreases with the
occurrence of fine-grained, impermeable, or poorly permeable units at the
surface, and increases with the occurrence of coarser-grained material such
as sand and gravel. Therefore, water quality in shallow, highly permeable
units such as the Recent Floodplain Alluvium is generally at a relatively
high risk.

Recent Floodplain Alluvium

The Recent Floodplain Alluvium crops out in the floodplain and low terraces
along Salmon Creek and other surface water drainages in the WHPP Focus
Area (Exhibit 3-4). The unit consists chiefly of unconsolidated coarse sand
and gravel, and is penetrated by CPU production Well Nos. 18 and 19, and
exploration Well Nos. C-2, A-2.75, and 21. Thickness of the Recent

Floodplain Alluvium at these well sites is estimated to range from about 50
to 100 feet.
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In localized areas, the Recent Floodplain Alluvium is highly permeable and
yields moderate to large amounts of water (up to 1,000 gpm) to wells. The
transmissivity of the Recent Floodplain Alluvium has been determined for
the production and exploration wells using results of pumping tests. The
transmissivity of the unit ranges from about 13,000 gpd/ft (gallons per day
per foot) at exploration Well No. A-2.75 (Carr & Associates, 1988) to about
730,000 gpd/ft at CPU Well No. 19. Based on analyses of lithologic logs, the
long-term storage coefficient of the Recent Floodplain Alluvium is estimated
to be in the range from about 0.15 to 0.25. The depth to water in the Recent
Floodplain Alluvium is typically less than 10 feet below land surface.
Groundwater in the Recent Floodplain Alluvium is generally unconfined.

Results of the preliminary aquifer vulnerability assessment and wellhead
capture zone analyses (PGG & EES, 1991) indicate that the sensitivity of the
Recent Floodplain Alluvium aquifer to water quality impacts is greater than
for other aquifers in the WHPP Focus Area as a result of the following
factors: 1) the transmissivity of the unit is high, 2) fine-grained or confining
units are typically not present, and 3) wells completed in the unit are
shailow.

Pleistocene Alluvial Deposits

The Pleistocene Alluvial Deposits occur within the WHPP Focus Area as
broad plains and terraces (Exhibit 3-4). The sediments were deposited by the
ancestral Columbia River as a great delta or deltaic fan emanating from the
Columbia River Gorge. The deposits are generally coarse along the Columbia
River but grade to textures of fine sand, silt, and clay along the outer edges of
the delta. Although the deposits approach 350 feet in thickness along the
Columbia River, they generally range from 100 to 150 feet thick in the
surrounding broad plains. Within the WHPP Focus Area, the Pleistocene
Alluvial Deposits consist chiefly of fine sand, siit, and clay, and range from
about 100 to 200 feet in thickness.

The fine-grained portions of the Pleistocene Alluvial Deposits, such as those
encountered within the Focus Area, generally do not serve as regional
aquifers, but may include shallow perched aquifers utilized for domestic
supplies. Yields to wells completed in the Pleistocene Alluvial Deposits vary
from small to moderate in the WHPP Focus Area, depending on local
lithologic characteristics and saturation of the unit. Average capacity for
wells completed in the Pleistocene Alluvial Deposits within the WHPP Focus
Area is about 40 gpm; average specific capacity is about five gpm/ft. Average
depth to water in the Focus Area is about 13 feet below land surface.
Groundwater in the Pleistocene Alluvial Deposits is believed to occur under
semi-confined to unconfined conditions.
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The geology of Pleistocene Alluvial Deposits has been investigated
extensively in the 78th Street Critical Area in order to characterize pathways
for chromium and VOC contamination. A total of 47 monitoring wells have
been installed within a 0.5 mile radius of the Boomsnub-Airco facilities.
Analysis of lithologic logs indicates that the Pleistocene Deposits typically
consist of silty sands with some interbedded silt and coarser sand layers in
this area. The lower portion of this unit is very fine grained (silt, clay, or
silty clay). The Pleistocene Alluvial Deposits range from about 65 to 120 feet
in thickness in the 78th Street Critical Area. The geology of this area will
continue to be investigated in the future. A Work Plan is currently being
developed which specifies procedures for drilling and sampling as many as
four new monitoring wells to be completed in the upper aquifer. These wells
will be located to the south of the existing Boomsnub monitoring wells.

Results of the preliminary aquifer vulnerability assessment and wellhead
capture zone analyses (PGG & EES, 1991) indicate that the sensitivity of the
Pleistocene Alluvial Deposits aquifer to water quality impacts in the WHPP
Focus Area is moderately high, primarily due to the fact that water levels
and wells completed in the unit are shallow and aerially extensive fine-
grained or confining units may not be present. There are no CPU production
wells which yield water from this unit.

Troutdale Formation

The Troutdale formation underlies the Pleistocene Alluvial Deposits. The
formation is Pliocene in age, and crops out north of Salmon Creek in the
WHPP Focus Area (Exhibit 3-4). Mundorff (1964) informally divided the
Troutdale formation into upper and lower members. The upper and lower
units differ substantially in hydrogeologic characteristics as discussed below.

Upper Troutdale - The upper member of the Troutdale formation consists of
semi-consolidated to unconsclidated gravel and cobbles in a sand or silty
sand matrix, Thickness of the unit generally ranges from about 100 to 300
feet in the WHPP Focus Area.

The Upper Troutdale serves as southwestern Clark County's regional aquifer
and supplies water to CPU Well Nos. 4, 5, 7, 7.2, 8, 9, 10, 15, 17, 22, 23, and
27. The Upper Troutdale may also supply a component of water (along with
the Recent Alluvial Deposits) to Well Nos. 18 and 19, which are located along
the Salmon Creek corridor. The unit typically yields between 400 and 1,000
gpm to supply wells in the WHPP Focus Area. However, where silt content
and cementation in the Upper Troutdale are high, production potential may
be poor. Average well capacity for wells completed in the Upper Troutdale
within the WHPP Focus Area is about 70 gpm; average specific capacity is
about seven gpm/ft. Transmissivity of the Upper Troutdale has been
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computed from results of pumping tests for most CPU production wells.
Where pumping test data were not available, transmissivity for the CPU
wells was estimated by applying a factor of 2,000 to the specific capacity for
each well. Transmissivity estimates for the Upper Troutdale range from
about 8,000 gpd/ft at CPU Well No. 8 to as high as 200,000 gpd/ft at CPU
Well No. 5 (PGG & EES, 1991). Long-term storage coefficient of the unit is
estimated from lithologic logs to be in the range from about 0.05 to 0.2.
Average depth to water in the Upper Troutdale is about 90 feet below land
surface. Groundwater in the Upper Troutdale occurs chiefly under semi-
confined and unconfined conditions.

The geology of the Upper Troutdale was investigated in the 78th Street
Critical Area during the drilling of Well Nos. MW-1D, MW-3D, and MW-4D.
The unit will be further characterized in this area as additional wells are
constructed to provide geologic and water quality data for assessing
contaminant transport pathways for chromium and VOCs.

Results of the preliminary aquifer vulnerability assessment and wellhead
capture zone analyses (PGG & EES, 1991) indicate that the sensitivity of the
Upper Troutdale aquifer to water quality impacts in the WHPP Focus Area is
considered to be moderate. Where transmissivity is high and water levels
are shallow, aquifer vulnerability may be higher. Where significant
thicknesses of silt or clay overlie the Upper Troutdale, aquifer vulnerability
may be lower.

Lower Troutdale - Below the Upper Troutdale sands and gravels lies a thick
sequence of clay and silt. Interbedded with these fine-grained deposits are
non-continuous lenses of sand which range from several feet to 60 or more
feet in thickness. The Lower Troutdale is penetrated by CPU production
Well Nos. 14, 16, 20, 21, 24, 25, 26, and 90-03 (Exhibits 3-5, 3-6, and 3-7,
Table 3-1). Analysis of lithologic and driller’s logs for wells which penetrate
the Lower Troutdale indicates that the unit slopes to the southwest
(Mundorff, 1964; Exhibits 3-5 and 3-7). This structural feature may be a
result of downwarping which occurred contemporaneously with deposition.

The Lower Troutdale generally does not yield groundwater to wells except
where sand lenses of substantial thickness and aerial extent occur. At these
locations, yields to water wells range from about 600 to 800 gpm. Average
specific capacity for wells screened in the Lower Troutdale sands is about 6
gpm/ft. Transmissivity for the Lower Troutdale sands has been determined
using results of pumping tests at CPU Well Nos. 16, 20, 24, 25, 26 and 90-03;
representative transmissivity of the unit is estimated to range from about
9,500 at CPU Well No. 25 to about 95,000 gpd/ft at CPU Well No. 90-03.
Transmissivity values typically vary in proportion with the aquifer thickness.
Hydraulic conductivity values for Lower Troutdale wells average
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approximately 87 ft/day. Long-term storage coefficient is estimated to be on
the order of about 104, The depth to water in the Lower Troutdale is
typically about 180 to 200 feet below land surface. Groundwater in the
Lower Troutdale occurs under confined conditions.

Results of the preliminary aquifer vulnerability assessment and wellhead
capture zone analyses (PGG & EES, 1991) indicate that the sensitivity of the
Lower Troutdale aquifers to water quality impacts is less than for other
aquifers in the WHPP Focus Area primarily because the water-producing
zones occur at depths of 400 feet or more, and are overlain by several
hundred feet of fine-grained sediments.

3.3.2 Groundwater Occurrence and Flow
Lower Salmon Creek Basin

Groundwater in the WHPP Focus Area occurs under unconfined, semi-
confined, and confined conditions. Groundwater is typically unconfined to
semi-confined in unconsolidated sediments such as the Pleistocene Alluvial
Deposits, the Recent Floodplain Alluvium, and portions of the Upper
Troutdale. Confined conditions occur in the Lower Troutdale.

Water level data from studies conducted by the USGS and the IRC prior to
initiation of the WHPP program (McFarland and Morgan, 1991; Swanson,
1991) were evaluated to assess regional groundwater flow patterns in the
Pleistocene Deposits and the Upper Troutdale. Groundwater level data
obtained during the WHPP program were evaluated for the Pleistocene
Deposits and the Upper and Lower Troutdale regional aquifer systems
within the Focus Area. In addition, the local hydrologic flow regime in the
78th Street Critical Area has been investigated extensively by Ecology in an
effort to define flow paths for chromium and VOC contamination. Nearly all
of the hydrologic characterization in the Critical Area has focused on the
upper aquifer system (the Pleistocene Deposits); Ecology has done a limited
amount of work in the Upper Troutdale.

Pleistocene Deposits Aquifer - Regional groundwater flow patterns in the
Pleistocene Deposits aquifer in the Portland Basin were evaluated by the
USGS (McFarland and Morgan, 1991). The results of the study indicate that
the direction of groundwater flow in the Pleistocene Deposits is to the west-
northwest in the area corresponding to the WHPP Focus Area; these results
are based on groundwater levels measured in the spring of 1988.

Exhibit 3-8 is a map showing water level contours for the Pleistocene Alluvial
Deposits aquifer based on water level monitoring data obtained in April
1993. The water level data were obtained from private domestic wells and
CPU monitoring wells included in the WHPP monitoring network. The water
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level contours shown on Exhibit 3-8 indicate that the direction of
groundwater flow in the upper aquifer is generally to the northwest. Water
level contours south of the intersection of St. John's Road and N. E. 78th
Street indicate a component of flow to the south; these contours may
illustrate the influence of surface water flow in Cold Creek.

In the 78th Street Critical Area, depth to water in the upper aquifer typically
ranges from about 5 to 30 feet below ground surface. The direction of the
horizontal component of groundwater flow in the Pleistocene Alluvial
Deposits within the Boomsnub-Airco study area is generally to the west or
northwest (SAIC, 1993; EA, 1993). The hydraulic gradient is estimated to be
about 3.6 X 10°3. The average vertical hydraulic gradient is 5.3 X 10-3, and
is downward (SAIC, 1993). The rate of transport in the Pleistocene Alluvial
Deposits for dissolved constituents is estimated to range from about 0.6 feet
per day to 1.4 feet per day (personal communication, Ecology, 1993).

Upper Troutdale Aquifer - Regional groundwater elevations in the Upper
Troutdale aquifer were evaluated by the IRC as part of the Ground Water
Management Program. Exhibit 3-9 shows groundwater level elevation
contours prepared by the IRC (Swanson, 1991). Water level elevations range
from almost 200 feet above mean sea level in the eastern part of the WHPP
Focus Area to near sea level in the southern and western parts of the Focus
Area. Results of this preliminary investigation indicated that groundwater
flow direction in the Upper Troutdale aquifer is generally to the west-
southwest in the WHPP Focus Area, and that horizontal gradients range
from 0.004 to 0.01. Groundwater flow patterns are influenced locally by
production wells and streams.

Exhibit 3-10 is a map showing water level contours for the Upper Troutdale
Agquifer based on water level monitoring data obtained for the WHPP in April
1993. The data were obtained from CPU production wells, and from private
domestic wells and CPU monitoring wells included in the WHPP monitoring
network. The water level contours shown on Exhibit 3-10 indicates that the
direction of groundwater flow in the regional aquifer is to the west-southwest
and that horizontal gradients range from about 0.004 to 0.01. Water level
data for CPU monitoring wells with completions in both the Pleistocene
Deposits aquifer and the Upper Troutdale aquifer  MW-1S, MW-1D, MW-3S,
MW-3D, MW-4S5, MW-4D, MW-7S, and MW-7D) indicate an average
downward vertical gradient of 0.83 between the two units. CPU monitoring
wells MW-55 and MW-5D are completed in shallow and deep zones,
respectively, of the Upper Troutdale; water level data for these wells
indicates that the vertical hydraulic gradient in the aquifer at this location is
0.13 and is downward.
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Several privately-owned domestic wells within the 78th Street Critical Area
are completed in this unit. In addition, Well MW-1D, which was constructed
as part of CPU's Wellhead Protection program, is screened in this Upper
Troutdale (185 to 190 feet). Approximately 110 feet of Upper Troutdale
sediments were penetrated by this well.

Lower Troutdale Aquifer - Insufficient data are available for the Lower
Troutdale sands to determine groundwater flow and gradient. Preliminary
analyses of water level data by the IRC for Well Nos. 14, 16, and 20
(Swanson, 1993), indicate that the direction of groundwater flow in the
Lower Troutdale is approximately west, and that the horizontal hydraulic
gradient is very small (0.001). Hydraulic communication between the Upper
and Lower Troutdale aquifers is likely to be low because the clay and silt
which occur between the two aquifers has a low permeability and a thickness
of approximately 200 feet. The vertical hydraulic gradient between the
Upper and Lower Troutdale aquifers is generally downward, and is
estimated to be about 0.5.

Contaminant Flow Paths - 78th Street Critical Area

Geologic data for local monitoring wells suggest that vertical hydraulic
communication between the upper and regional aquifer systems in the 78th
Street Critical Area would be limited by the silt/clay unit that occurs within
the Pleistocene Alluvial Deposits. Exhibit 3-11 illustrates the relationship
between these two units in plan view and cross section, respectively. The
plan view in Exhibit 3-11 shows the location of capture zones for wells
completed in the regional supply aquifer, and horizontal groundwater flow
directions in both aquifers; it also shows the orientation of the
chromium/VOC plume in the upper aquifer and the VOC plume in the
regional aquifer. The chromium plume boundary is approximate and
includes the areas within which the concentration of chromium exceeds 1.0
mg/L. Further characterization will be necessary to define the plume
boundaries beyond the 1.0 mg/L designation. Likewise, the VOC plume
boundary includes areas within which VOC concentrations exceed 1.0 ng/L.
The schematic hydrogeologic cross section in Exhibit 3-11 shows the
subsurface relationship of the upper and regional aquifers, the confining
(silt/clay) unit, and the approximate extent and orientation of the chromium
and VOC plumes. The flow path for chromium is to the northwest and then
to the west through the upper aquifer. Results of previous investigations
indicate that the chromium moves preferentially through the upper aquifer
in sandy, more permeable layers (personal communication, Ecology, 1993).
The vertical distribution of chromium contamination in the upper aquifer
monitoring wells suggests a significant vertical component of flow through
this aquifer. Chromium has not been detected in regional supply aquifer
monitoring wells (MW-1, MW-3, MW-4, and private domestic wells).
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Therefore, the silt/clay confining unit is presumed to be an effective barrier to
chromium transport. The chromium is likely to continue moving along the
top of the low permeability silt/clay unit.

Because very little off-site work has been done with respect to VOC
contamination, the critical flow paths for these compounds are less well
known. VOCs appear to have followed roughly the same flow path as
chromium in the upper aquifer. However, VOCs (trichloroethylene, in
particular) have also been detected at low levels in the regional aquifer in
MW-1D and the Bennett domestic well. This suggests that VOCs have
migrated into the regional aquifer upgradient of these wells or that an
additional source of VOCs exists in the regional aquifer. Downward
migration may occur via: 1) a discontinuity in the silt/clay unit that usually
occurs in the lower portion of the Pleistocene Deposits; or 2) the annulus of
an improperly sealed well. In addition, migration of VOCs such as
trichloroethylene either in the dissolved phase or as a dense, non-aqueous
phase liquid (DNAPL) may occur within low permeability sediments such as
those in the lower portion of the Pleistocene Deposits. Such migration would
likely be very slow and would depend largely on the hydraulic conductivity
and organic content of the fine-grained unit, as well as on the vertical
hydraulic gradient between the aquifers. Water level data indicate a strong
downward gradient from the upper shallow alluvial aquifer to the Upper
Troutdale. Since no quantitative data are available for conductivity or
organic content within the silt/clay unit in the lower portion of the
Pleistocene Deposits, downward migration cannot be ruled out. Further
hydrogeologic characterization in the 78th Street Critical Area may resolve
these issues. Contaminant transport through the Upper Troutdale is
assumed to occur chiefly in higher permeability (clean) sand and gravel
layers.

3.3.3 Surface Water Features

Salmon Creek is the principal surface water drainage in the WHPP Focus
Area. The creek drains approximately 90 square miles and has its
headwaters in the eastern foothills of Clark County. Salmon Creek
discharges into the Lake River which in turn discharges to the Columbia
River near Ridgefield.

The water level contours shown on Exhibit 3-9 indicate that shallow aquifers
in the WHPP Focus Area discharge to Salmon Creek. Because the
transmissivity of the Recent Alluvial Deposits is significantly higher than the
transmissivity of other shallow aquifers in the WHPP Focus Area, the
largest component of groundwater flow and recharge from the shallow
aquifer system to Salmon Creek is assumed to be from the Recent Alluvial
Deposits. Although Salmon Creek is predominantly a gaining stream in the
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Focus Area, a losing reach between Corbin Road and Klineline Pond has
been identified by Mundorff (1964) and Carr (1985). Average discharge of
Salmon Creek at the Battle Ground, Washington, gaging station (located
about six miles upstream from the WHPP Focus Area boundary) is about 63
cubic feet per second (cfs) for the 33-year period from 1944 through 1975 and
1989; minimum flow during this period was about 1.2 cfs (Miles and others,
1990).

The water level elevation contours shown on Exhibit 3-9 indicate that
shallow aquifers in the WHPP Focus Area discharge to a number of other
surface water features including Vancouver Lake, Shillapoo Lake, and the
Columbia River. The shallow aquifers also discharge to springs which occur
predominantly along surface water drainages in the Focus Area.

Hydraulic communication between Salmon Creek and the shallow aquifers,
particularly the Recent Alluvial Deposits, is high. This conclusion is
supported by: 1) Discharge/recharge relationships between the shallow
aquifers and Salmon Creek; and 2) Results of analyses comparing stream
flow in Salmon Creek to water level trends in nearby shallow wells
(Mundorff, 1964). Hydraulic communication between the deeper aquifers of
the Lower Troutdale and Salmon Creek is assumed to be very small because
these aquifers are separated from the stream bed by several hundred feet of
silt and clay.

3.3.4 Water Budget and Groundwater Recharge

The water budget approximates volumes of water for each major component
of the hydrologic cycle flowing into and out of a region's hydrologic system
through precipitation, evapotranspiration, runoff, groundwater recharge,
human consumption, and natural discharge.

The water budget serves as the basis for initial planning of groundwater use.
A general understanding of the water budget helps in the management of
groundwater resources by indicating the relative magnitude (importance) of
each component of the flow system.

The water budget is based on the mass-balance principle: water going into
the system is equal to the water flowing out of the system plus or minus the
change in storage of the water within the system. This situation is true at all
points of the system at all times based on the principle of the conservation of
mass. In the natural system, groundwater storage changes seasonally and
with dry/wet year cycles. Pumping of groundwater also changes the amount
of storage in the system. Over a long-term period changes in storage can be
assumed to be negligible and the water budget can be represented as an
"average" year.
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With the assumption that change in storage is zero (equilibrium conditions)
the mass balance equation becomes (modified from Freeze and Cherry, 1979):

Inflow = Qutflow

The water budget equations can be expressed in greater detail by the
following expression:

P =ET+SR +BF+WU+GD

and,

RO = SR + BF

and,
R=P-ET-SR=BF+WU+GD
where:

P = Precipitation

ET = Evapotranspiration

RO = Runoff

SR = Storm Runoff

BF = Baseflow

WU = Consumptive Water Use
GD = Groundwater Discharge
R = Groundwater Recharge (herein referred to as basin
recharge)

USGS Deep Percolation Model Water Budget Assessment

Recharge and other components of the water balance for the Salmon Creek
basin were evaluated in detail by the USGS as part of the Portland Basin
hydrogeologic studies (Snyder and others, 1990). The USGS study made use
of a deep percolation model developed by Bauer and Vaccaro (1990) to
determine recharge from precipitation. The modeling process simulates, on a
daily basis, the major factors controlling recharge from precipitation such as
changes in soil moisture, evapotranspiration, surface water runoff, snow
cover, and intercepted precipitation. Data input requirements include
climatic factors such as precipitation, temperature, and percentage sunshine;
land surface attributes such as altitude, slope and aspect; soil properties such
as soil depth available water capacity, and texture; and land use information
(i.e. grass, orchard/deciduous forest, residential, industrial, etc.). The model
calculates recharge over discrete areal blocks (cell spacing of 1,640 feet) and
provides long-term annual average recharge estimates.

Because the USGS deep percolation model analysis considers a large number
of variables and analyzes precipitation recharge and other water balance
factors over small time intervals and geographic areas, the results are
considered to be relatively reliable. In a general sense, the USGS analysis
represents a detailed climatic balance and an assessment of the recharge
input to the system. However, the analysis does not provide an evaluation of
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other components of the water budget related to the surface water system
(runoff, baseflow, storm runoff) or the groundwater system (consumptive
water use, groundwater discharge). Many of these other components of the
water budget were evaluated through other related studies by the USGS.

There are may different methods that can be used to evaluate each
component of the water budget. In order to evaluate the possible range of

~ values for each component, several of the components were evaluated based

on calculations which were different from those used by the USGS. Results
of these independent calculations were compared to the USGS results.

Water Budget Data

The data used in the water budget assessment were compiled from a number
of different sources. The data and data sources are described below.

Climatic data are available for a number of regional reporting stations
through the National Atmospheric and Oceanic Administration (NOAA).
Long-term precipitation and temperature data stations in the vicinity of
Salmon Creek include Battle Ground and Vancouver (S-1 on Exhibit 3-1).
Precipitation data are also available for other local stations that are operated
by Bonneville Power Administration, the County and other local agencies.
Long-term data for the Battle Ground station were compiled and review for
this investigation.

Long-term streamflow data for the Salmon Creek basin are relatively limited.
The only long-term streamflow record is for a gaging station located near
Battle Ground, Washington. This station was operated by the USGS from
October 1943 through September 1975, and then again from February 1988
to September 1989. All streamflow monitoring was discontinued by the
USGS in 1989 at the conclusion of the Ground Water Management Program
field studies. Short-term streamflow records were also generated by the
USGS at several other sites along Salmon Creek and several of its
tributaries. Carr (1985) also performed limited gaging studies in the lower
portion of the basin. More recently, CPU and Clark County initiated gaging
studies at several sites. Several of these sites correspond to the same control
points that were previously gaged by the USGS and Carr. A few new sites
were established in other areas to better delineate the runoff characteristics
of the basin. A summary of past and current streamflow gaging sites is
presented on Table 3-2. Gage locations are shown on Exhibit 3-1. The
streamflow data collected at the USGS stations (14212000, Battle Ground
and 14213000, Vancouver) were the basis for the water budget analysis
include in this investigation.
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Water Budget Assessment

The water budget for the Salmon Creek drainage basin has been divided into
climatic, surface water, and groundwater balances as shown in Table 3-6.
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Table 3-6

Water Budget Summary for the Salmon Creek Dralnage Basin

above USGS 1421300(basin area, 76.9 square miles)

Water Budget Inflow (+) Outflow {-) | USGS Est.

Component |[inches cfs |inches cfs [inches cfs Data Source or Formula
Climatic Balance:

Precipitation (P) 60.1 340 60.1 340]USGS estimate for basin above
USGS 14213 based on 1949-74
period

Evapotran- 20.5 114 17.7 100|Blaney-Criddle Analysis using

spiration (ET) USGS precipitation; USGS Est.
based on recharge model.

Storm Runoff 17 96{ 15.3 87|Estimated storm runoff at USGS

(SR) 14213 (Vancouver) gaging station;
TUSGS Est. based on recharge
model report.

Recharge (R) 22.6 128] 27.1 153|R=P-ET-SR

Surface Water Balance:

Runoff (RO) 29.0 164 29 164|Estimated long-term average flow
at USGS 14213 (Vancouver)
gaging station,

Baseflow (BF) 12.0 68 13.7 78{Estimated baseflow at USGS
14213 (Vancouver) gaging station.
USGS Est. based on model report.

Storm Runoff 17.0 96 15.3 87|SR = RO - BF

(5R)

Groundwater Balance:

Recharge (R) 22.6 128 27.0  153{from above

Consumptive 1.7 10 1.7 10]USGS modeled pumpage for 1988;

Water Use (WU) reflects actual pumpage as
opposed to consumptive use.

Change in 0.0 0 0.0 0| For a long-term analysis the

Storage (dS) change in aquifer storage is
assumed to br negligible.

Baseflow (BF) 12.0 68| 13.7 78|as above; USGS Est. as reported
in the model report.

Net Ground- 8.9 508 11.6 66|GT =R-WU -dS - BF

watar Transfer

Out of Basin

{GT)

The climatic balance divides precipitation into evapotranspiration, storm
runoff, and recharge components. The surface water balance divides runoff or
total streamflow into baseflow and storm runoff components. The recharge
component derived from the climatic balance is considered as an inflow to the

Aquifer Characterization

342

B N N W N e am A B B O aa e



- -' -

Ml N .

B D Ny B e

W I aE o BN aEm W

December 30, 1994

groundwater balance while consumptive use, baseflow to streams, and
groundwater discharge out of the basin are considered as outflow from the
groundwater balance. The water budget assessment for Salmon Creek was
based on the drainage basin upstream of USGS gage 14213000. The total
drainage area of the basin upstream from this control point is 76.9 square
miles. The water budget components presented in Table 3-6 are expressed in
both inches over the basin as well as cubic feet per second (cfs). The
following provides a discussion of each of the water budget components.

Precipitation - Precipitation (P) is the source of groundwater recharge to the
Salmon Creek Basin. Average monthly precipitation totals for the Battle
Ground station are summarized in Table 3-7.

Average maximum precipitation generally occurs in December and average
minimum precipitation occurs in July. The long-term average annual
precipitation at Battle Ground is 51 inches/year.

As part of their deep percolation modeling effort, the USGS evaluated long-
term average annual precipitation for the basin using Vancouver and Battle
Ground data for the period 1949 to 1974. The long-term total annual
precipitation to the basin upstream of USGS 14213000 is 60.1 inches/year.
The long-term total precipitation inflow to the basin assuming a drainage
area of 76.9 square miles is 340 cfs.

Evapotranspiration - Evapotranspiration (ET) is the water that is evaporated
from soil and transpired by plants. ET was estimated using the Blaney-
Criddle method (USSCS, 1970) and then compared to the results obtained
from the USGS deep percolation model.

The average calculated ET rate based on the Blaney-Criddle method is 20.5
inches/year. Based on a total basin drainage area of 76.9 square miles, the
total ET outflow from the system is 116 cfs. By comparison, the USGS deep
percolation model estimates 17.7 inches/year or 100 cfs of ET from the basin.

Storm Runoff - Runoff that reaches the stream channel within a few days of
a rainfall event is considered to be storm runoff (SR). Storm runoff
represents overland flow from steep slopes and impervious areas as well as
shallow subsurface stormflow (sometimes referred to as interflow) and direct
precipitation onto saturated areas.

Storm runoff was estimated from the gaged flow data for USGS 14213000
that was collected during the 1988 water year. The data are presented in
Exhibit 3-12. The storm runoff portion of the hydrograph was derived
through visual inspection and hydrograph separation. Because the total
annual precipitation for the 1988 water year was 88 percent of normal, the
estimated storm water runoff for water year 1988 was adjusted (normalized)
to reflect long-term average conditions.
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Table 3-7
___Summary Of Monthly Precipitation Data For Battle Ground Washington
Year Jan Feb Mar Apr May Jun Jul Aug Sep ©Oet Nov Dec Total

1948 --- --- - - - - 157 166 3.53 253 885 956 ---

1949 153 11.87 357 311 233 084 099 126 103 401 666 736 44.56
1950 11.65 8.16 7.02 471 113 148 142 064 193 9.82 1033 11.33 69.62
1951 8.62 6.87 624 125 258 017 050 034 280 960 838 598 53.31
19562 538 3.89 577 216 120 369 006 039 008 109 145 1000 35.16
19563 14.10 3.64 546 286 420 241 021 252 159 335 7.89 990 57.62
1954 10.84 4.90 228 309 300 - - 1.50 154 4.34 682 586 -—

1955 3.33 4.54 491 687 099 355 144 005 369 980 1065 11.23 61.05
1966 12.10 443 681 111 217 3847 002 366 202 667 294 563 51.03

1957 340 6.10 924 297 3.07 248 037 102 0.88 429 478 11456 48.85
1968 848 6.60 351 564 170 476 000 016 219 283 1036 660 52.83
1959 5.97 547 513 270 467 377 147 023 438 527 548 526 53.80
1960 541 451 512 740 586 167 000 237 1156 542 11.06 216 5212
1961 521 1131 665 544 3.79 078 059 146 191 541 603 793 5651
1962 294 389 590 427 3.72 114 010 268 283 454 11.89 4.00 4780
1963 251 6593 726 544 3.87 316 195 187 152 449 785 530 5115

1964 11.96  2.03 441 184 170 295 155 163 195 218 695 1157 50.72
1965 1155 38.15 075 294 254 070 099 167 013 3.07 743 9.07 43.99

1966 738 278 563 168 139 139 173 047 177 409 665 1033 4529
1967 822 285 555 331 0985 186 000 000 105 779 407 653 4218
1968 534 7.05 420 259 340 380 041 540 287 T7.38 852 11.67 62.63
1969 8.62  4.57 153 358 299 379 021 003 479 624 4.11 -- -

1970 12.81  5.80 306 466 3.05 080 038 000 282 445 817 1037 56.17
1971 10.33 5.35 7.18 3882 114 3843 03% 115 522 3.65 699 1124 59.89

1972 8.29 6.27 7.07 429 206 109 093 098 243 094 694 @ .- -

1973 3.64 - 469 173 169 3.02 000 033 366 5256 13.74 11.56 49.19
1974 9.70 6.94 695 442 355 052 282 020 029 160 - 6.99 -

1875 - - 596 188 139 - 036 349 0.06 807 423 .- -

1976 1.75 6.66 438 351 291 111 - - 121 222 154 279 -

1977 1.56  3.07 579 160 636 165 0.18 3.78 646 332 17.75 1028 51.80
1918 526  4.37 223 623 458 185 137 3.60 3.37 1.02 512 4.00 43.00
1979 2,52 7.59 297 506 293 112 104 189 3.08 651 451 1033 4955
1980 719 548 585 452 226 331 029 088 191 184 820 1263 ©54.36
1981 1.79 6.26 431 488 372 587 058 033 285 588 577 10,63 52.87
1982 11.83 8.55 458 486 0.74 145 1.04 147 583 532 6.14 10.33 62.14
1983 9.40 9.87 879 363 191 366 433 249 186 335 1346 697 69.72
1984 5.87 5.93 644 420 594 484 000 0.06 286 T7.53 13.63 4.56 61.86
1985 036 445 668 264 145 3.50 045 087 451 449 660 243 3843
1986 764 797 377 321 335 143 140 017 563 240 858 622 50.77
1987 8.27  4.87 804 262 319 077 132 070 0.68 014 350 952 43.62

1983 6.19 340 672 503 496 338 074 025 184 0,51 11.84 6.22 51.08
1989 6.02  3.18 887 3.59 3.37 102 153 1,73 1.04 339 496 4.86 43.56
1990 12.01 7.82 446 424 337 367 - - - - --- - —
AVG, 7.07 5.556 5.25 3.60 282 232 047 1.35 246 443 7.34 7.94 50.99
MIN. 036 2.03 076 111 0974 017 000 000 005 014 145 216
MAX, 14.10 11.87 9.24 7.40 6.36 587 4.33 5.40 646 9.82 13.74 12.83
STD 3.59 223 191 149 140 140 0.87 128 160 249 3.07 3.00
Notes:
All values in inches.
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The estimated long-term storm water runoff component of the stream
hydrograph at USGS 14213000 is 17 inches/year. Based on a total basin
drainage area of 76.9 square miles, the total storm runoff outflow from the
system is 96 cfs. By comparison, the USGS deep percolation model estimates
15.3 inches/year or 87 cfs of storm runoff from the basin.

Recharge - Recharge (R) includes that component of total precipitation that is
not removed from the system by either ET or storm runoff processes. Total
annual recharge is calculated as the residual of precipitation minus ET and
storm runoff. The total recharge to the basin is estimated to be 22.6
inches/year or 128 cfs. By comparison, the USGS deep percolation model
estimates 27.1 inches/year or 153 cfs of recharge to the basin.

Runoff - Runoff (RO) includes all stormwater runoff and baseflow that is
tributary to Salmon Creek. Runoff data at USGS station 14213000 (near
Vancouver) are only available for a relatively short period of time (March
1987 to October 1988). Runoff data for USGS 14212000 (Battle Ground) are
relatively extensive; therefore the upstream flows for Battle Ground were
used to generate a historical sequence of flows for downstream station near
Vancouver.

The historical flow for the downstream station was generated based on data
from March 1987 to October 1988 which is a common period of record for both
stations. A linear regression relationship was established between the two
sets of data and used to estimate flows for station 14213000 for the ungaged
period October 1943 to November 1975. Historical flows could not be
generated for the period November 1975 to March 1987 because of the
absence of gage flow data during this time period. Gaged and estimated
monthly flow rates for USGS 14212000 and USGS 14213000 are presented in
Table 3-8 and Table 3-9, respectively. The regression relations from which
the flows were correlated is presented in Exhibit 3-13. The correlation
provided a R2 factor of 0.98 (a factor of 1.0 indicates perfect correlation).

The estimated minimum low flow for the period of record at USGS 14213000
is seven cfs. Average low flows generally occur in August and average
maximum flows generally occur in January.

Long-term average runoff from the basin at USGS 14213000 was estimated
from the gaged flow for the 1988 water year. Because the total annual
precipitation for the 1988 water year was 88 percent of normal, the gaged
runoff for water year 1988 was adjusted (normalized) to reflect long-term
average conditions. The long-term average runoff is estimated to be 29
inches per year or approximately 164 cfs over the basin. This is the same
runoff estimate employed by the USGS in their modeling efforts.
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Table 3-8
Summary Of Mean Monthly Flows For Salmon Crosk At Battle Ground (USGS 14212000)
Drainage Area 18 8Q. ML - Mean Monthly Streamflow

Water
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Avg
1944 13.2 16.2 54.7 42.1 826 489 63.7 232 276 7.31 369 4.11 3228
1946 4.46 36 46.7 122 110 126 79.1 821 18.1 b6.51 3.04 5.28 53.19
1946 7.9 166 119 134 131 115 352 159 16.1 961 363 3.67 6299
1947 328 142 207 116 106 §0.1 814 16.7 144 615 3.76 3.62 65.66
1948 419 169 94.4 142 110 97.5 693 796 168 696 b5 7.58 69.21
1949 11.3 110 213 40.9 258 58.9 263 349 661 295 172 221 63.89
1960 6.8 66.6 129 187 179 128 88 296 10,1 491 283 2384 68.72
1951 32.7 168 173 214 126 109 26.1 219 8656 429 226 3 74.07
1962 834 85.6 165 79.7 98.9 124 32.8 14.6 8.9 68 311 264 57.86
1953 2.36 3.18 41.7 286 121 808 418 578 346 811 b5 397 57.24
1964 8.78 829 226 186 121 539 522 168 49 156 6.23 4.87 6843
1966 10.6 74.5 94.7 98.2 98.9 81.1 134 31 16.9 12.3 495 5.564 55.22
1966 84.6 200 201 181 110 154 48.6 18.8 19 697 709 4.88 8632
1967 48.7 70.8 113 51.5 106 139 70.7 211 146 563 3.33 225 53.88
1968 4.98 25.4 180 124 138 5b6.9 104 208 145 649 241 4.47 58.75
1959 5.87 122 117 170 121 74.8 62.6 68.8 484 119 423 9.08 66.31
1960 53.8 84.7 80.3 T1.4 116 85.1 102 919 213 653 4.86 b 60.24
1961 16.1 203 65.6 95.1 249 162 762 6.7 135 b4 291 3.7 78.35
1962 12.3 65.4 146 79.8 67 111 603 58.1 22 658 567 498 53.26
1963 16.1 164 82.2 56.8 119 918 116 716 13.3 128 5.79 5.66 62.80
1964 12.9 103 78.4 243 T4.2 108 43 30.8 34 122 769 17.66 62.90
1965 8.52 66.9 228 243 09 311 309 21.9 8.61 454 4.02 299 63.21
1966 5.17 256.7 97.% 170 64.7 116 23.3 10.5 6.13 6.32 214 278 44.22
1967 9.16 53 167 198 103 93.56 60.9 21.1 10.1 386 195 2.23 59.48
1968 22.1 33.8 130 96.8 164 54.8 44 21.7 44.5 7.1 112 225 54.38
1969 82.4 126 196 213 138 52.9 342 299 36.2 20.8 6.03 12.3 78.98
1970 a2 60.5 115 260 122 428 526  48.7 11.3 476 278 4.89 63.54
1971 11.6 64.9 156 276 108 137 63.3 15.7 13.3 102 427 8.09 72.78
1972 17.8 103 245 211 142 145 816 39.7 144 587 281 5.09 8444
1973 3.656 326 148 85.7 31.8 62.5 33.5 19.8 14.56 693 4056 5.78 37.40
1974 18.1 198 208 203 166 142 103 435 2056 147 53 3.37 9296
1976 336 63.7 1656 206 10 97.9 417 34.8 10.4 529 6.31 4.34 60.82
1976 28.6 —_— - — —_ —_ — — — — — — —
1987 -— — —_ — - 93.5 84.3 57.8 37.7 10.3 454 426 —
1988 4.83 93.5 75.6 157 65.1 116 60.6 29 1356 7.12 582 3.44 52,53
AVG. 225 927 1369 1526 119.6 95.3 62.2 a7.0 19.8 80 46 53 629
MIN. 24 3.2 41.7 40.9 318 311 23.3 10.5 8.1 3.0 17 2.2
MAX 84.5 2030 2450 286.0 268.0 154.0 134.0 919 49.0 208 112 225
STD 23.1 66.4 56.9 69.9 44.9 34.3 27.5 22.0 11.8 3.8 1.9 3.7
90% Exceed 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
75% Exceed 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
§0% Exceed 1.0 1.0 1.0 1.0 1.0 10 1.0 1.0 10 1.0 1.0 10
90% Exceed/sq.mi. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1
T5% Exceed/sq.mi. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
50% Exceed/sq.mi. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table 3-9
Summary Of Estimated Mean Monthly Flows For Salmon Creek Near Yancouver (USGS 14213000)
Drainage Area 76.9 SQ. Ml. - Mean Monthly Streamflow
Water
Year Oct  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Avg
1944 @9 88 1!z 1% %5 155 19 W™ %2 82 2 2 10655 I
1945 23 117 148 372 336 383 244 253 64 26 19 26 167.56 f
1946 33 502 363 407 398 351 114 57 55 38 21 20 196.62
1947 107 431 624 351 321 188 251 59 53 28 21 21 20453
1948 134 481 290 431 336 299 215 246 60 31 26 32 215.08 .
1949 43 338 641 131 775 184 88 113 28 19 15 16 199.28
1950 30 178 392 564 541 389 271 97 40 24 18 18 21358
1951 107 508 523 644 383 333 87 75 38 23 17 19 22945 -
1952 257 263 469 246 303 377 107 53 36 27 19 18 18141 l
1953 17 19 133 868 369 249 134 181 112 34 26 22 17955 .
1954 36 256 680 568 368 170 165 57 155 56 28 24 21274
1955 41 231 291 301 303 250 407 102 60 46 25 26 173.56
1856 260 603 606 546 336 466 154 66 66 31 31 24 265.77 l
1857 154 220 345 163 324 422 219 72 83 27 20 17  169.61 :
1858 25 85 543 am 419 176 318 T2 53 29 17 23 178.10 .
1859 27 372 357 514 369 232 166 184 163 45 22 37 206.44
1960 169 261 248 222 354 262 312 282 73 29 24 25 18846
1951 58 612 176 292 748 "460 236 211 50 26 18 21 24215
1962 46 204 443 246 208 339 189 182 75 29 27 25 167.77 -
1963 58 496 254 178 363 281 351 222 49 48 27 26 196.06
1964 48 315 242 730 230 330 137 101 111 46 33 33 196.35 I
1965 a5 205 686 730 333 102 101 75 35 23 22 19 19725
1966 25 86 300 514 202 354 79 41 28 29 16 18 140.96
1967 a7 167 476 597 315 287 190 72 40 21 16 16 18621 l
1968 75 110 395 297 496 172 140 T4 142 31 43 T 171.07
1969 254 383 591 641 419 167 111 99 117 72 28 46 24401
1970 120 189 351 781 372 137 166 154 43 24 18 24 198.25 ’
1971 44 202 472 825 330 416 198 56 67 40 23 34 225.63 i
1972 63 315 736 635 431 440 252 128 53 27 18 25 260.20
1973 21 107 449 264 104 195 109 69 53 30 22 27 12095
1974 64 597 627 612 472 431 315 139 mn &3 26 20 28545
1975 20 199 469 621 309 200 133 113 41 28 28 23 15016 .
1978 85 — — — — — —_ — — —_— — - —
1987 — -— —_ -— — 287 260 181 122 40 23 22 —
1988 24 287 234 475 203 351 189 96 50 31 27 20 166.61
AVG. 76 285 416 462 364 292 184 119 69 M 23 25 197 '
MIN. 17 19 133 131 104 102 79 41 28 19 15 16
MAX 260 612 736 858 775 466 407 282 155 72 43 7
STD 68 164 169 207 133 102 82 65 35 11 6 11 '
90% Exceed 21.6 83.6 203.4 2015 208.6 180.3 101.7 54.3 34.7 225 16.8 17.8
75% Exceod 3L.7 154.0 284.0 296.0 2722 213.6 133.1 720 43.9 25.7 19.0 19.2
50% Excood 51.7 264.6 395.5 4325 354.6 2838 1789 101.1 59.1 30.8 22.0 22.1
90% Exceod/sq.mi 03 1.1 2.6 2.6 2.7 2.1 13 0.7 0.5 0.3 0.2 0.2 '
75% Excoed/sq.mi 0.4 2.0 3.7 3.8 as 2.8 17 0.9 0.6 03 0.2 0.2
50% Exceod/sq.mi 0.7 3.4 5.1 5.6 4.6 3.7 23 1.3 08 0.4 0.3 0.3
Notes: N
Data for period 1944 - 1976 was generated through regression analysis with Battle Ground Station (USGS 14212) .
using the relationship USGS14213 = 2.96261* USGS14212 + 26.2546
All values are in cfs,
1
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Baseflow - Baseflow (BF) consists of the groundwater contribution to the
runoff hydrograph (Exhibit 3-12). Baseflow input to the stream remains
relatively constant and will vary seasonally with groundwater storage
conditions and in response to sustained periods of increased precipitation.

Baseflow was estimated from the gaged flow data for USGS 14213000 that
was collected during the 1988 water year. The data are presented in Exhibit
3-12. The baseflow portion of the hydrograph was derived through visual
inspection and hydrograph separation. Because the total annual
precipitation for the 1988 water year was 88 percent of normal, the estimated
baseflow for water year 1988 was adjusted (normalized) to reflect long-term
average conditions.

The estimated long-term baseflow component of the stream hydrograph at
USGS 14213000 is 12 inches/year. Based on a total basin drainage area of
76.9 square miles, the total baseflow outflow from the system is 68 cfs. The
USGS cite baseflow estimates of 13.7 inches per year or 78 cfs based on their
hydrograph separation analysis.

Consumptive Water Use - Consumptive water use (WU) includes all
groundwater that is withdrawn from the groundwater system and is removed
from the basin either through evaporation or direct transfers via sewer or
other waste water systems.

Actual consumptive use data are not available at this time. A conservative
" (upper bound) estimate for consumptive use can be determined based on
estimates of total groundwater withdrawal.

As part of the Portland Basin numerical groundwater modeling study, the
USGS (Morgan and McFarland, 1991) evaluated three major categories of
groundwater use including public supply, industrial/commercial, and
irrigation. Information for these uses was compiled for the period 1987-1988.

Data for groundwater withdrawal for public water supply was largely
obtained from meter readings. Industrial/commercial use was estimated
through a combination of meter readings, water rights data, field inventory,
and telephone interviews. Groundwater withdrawals for irrigation were
estimated from analysis of water rights data, electrical consumption records,
and crop patterns, ortho photos, and other indirect methods.

Groundwater withdrawal for the entire basin was estimated as follows:

USE Q (infyr) Q (cis)
Public Supply 1.46 9.67
Industrial/Commercial 0.02 : .16
Irrigation 6.17 1.13
Total 1.65 10.96
Agquifer Characterization 3-50
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It is important to note that the water use estimates cited above are inclusive
of the entire Salmon Creek Basin. The largest percentage of this
groundwater use is related to groundwater withdrawals by CPU in areas
which occur downstream of the water budget control point at USGS gaging
station 14213000.

The water use estimates within Table 3-6 include average water use for the

basin in inches/year and the average water use in cfs based on the drainage
basin area of 76.9 square miles upstream of USGS 14213000.

Groundwater Discharge Out of the Basin - Net groundwater discharge (GD)
out of the basin consists of the subsurface underflow that enters or exits the
basin and is unaccounted for upstream of the gaging control point (USGS
14213000). Net groundwater transfers occur in areas where the groundwater
and swrface water divides are not coincident with one another. In areas
where the surface water divide extends beyond the limits of the groundwater
divide, there is a net discharge of water out of the basin. In areas where the
groundwater divide extends beyond the limits of the surface water divide,
there is a net transfer of groundwater into the basin. Subsurface flow that
exits the basin downstream of the gaging control point also contributes to a
net loss of water from the basin.

Groundwater discharge from the basin represents the residual or
unaccounted for portion of the water balance. The total groundwater
discharge from the basin can be calculated from equations (1) and (3) as
following:

GD=R-WU-BF (4)

Based on the above analysis, the calculated groundwater discharge from the
system is 8.9 inches per year or 50 cfs. The USGS recharge modeling
analysis indicates a net groundwater discharge of 11.6 inches/year or 66 cfs.

Aquifer Testing

Aquifer tests were conducted in the Upper Troutdale aquifer during the installation
process for CPU Well Nos. 3, 4, 7, and 9. The test procedures for each well were as
follows:

(1) After advancing the 8-inch drive casing to the appropriate depth, a 10 to 25 foot
interval of the casing adjacent to a productive portion of the Upper Troutdale
aquifer was perforated. This interval was then developed by surging and bailing
for several days to remove the fine-grained materials and sand from the
formation in the vicinity of the borehole.
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(2) A submersible test pump was then installed in each well, and a short (two to
three hour) step-rate discharge test was conducted the day before the constant-
rate discharge test began, except for Well No. MW-93; no step-rate discharge test
was performed for this well. Water levels were allowed to recover overnight to
original pre-pumping levels.

(3) An 8-hour constant-rate pumping test was performed at each well except MW-9;
at this well, the test duration was four hours. A 1- to 2.6-hour recovery phase
followed the eight-hour pumping phase for each test. Water level measurements
were obtained manually using an electric sounder. The pumping rate was
monitored using an orifice plate and a manometer; pressure head readings at
the manometer were then converted to a flow rate in gallons per minute. The
flow rate and water level data were recorded on the field data sheet.

(4) After testing, the 8-inch casing was cut above the perforated interval, the PVC
well assemblies were installed, and the 8-inch casing was withdrawn while
appropriate filter pack and bentonite was placed around the PVC assembly.

A summary of test information for each well is provided below:

Perforated Step Test Recovery Average
Well Interval Duration Period Test Level Pumping Rate
Number (in feet) (minutes) (minutes) Date  (feet bgs) (gpm)
MW-3 202-227 129 120 6-16-92 142.5 240
MW-4 200-220 151 155 7-14-92 134.8 150
MW-7 215-230 120 120 9-03-92 147.2 120
MW-9 130-140 NA 240 8-26-92 4.8 100

Appendix D contains drawdown and recovery graphs for each well
Transmissivities computed from the results of the four- and eight-day constant-rate
pumping tests ranged widely, from about 1,200 gallons per day per foot (gpd/ft) at
Well MW-9 to about 151,000 gpd/ft at Well MW-7.

3.5 Aquifer Vulnerability Analysis

The sensitivity of aquifers to potential water quality impacts was evaluated for
active CPU production well sites using an Aquifer Vulnerability Matrix approach.
The Vulnerability Matrix provides insight as to which sites are at greatest risk to
land use impacts. Thus, monitoring and other management strategies can be
focused in these areas.

The Aquifer Vulnerability Matrix is presented in Table 3-10.
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& Table 3-10
9 Aquifer Vulnerability Matrix for CPU Production Wells
E WEIGHTINC CPUFRODUCTION WELLS
.8,. Parameter FACTOR 4 5 7 8 9 10 14 15 16 17 18 19 20 22 23 24 15 26 17
“3_ Average Pumping Rate (gpm) 105 540 j3o 80 365 235 220 340 320 350 230 340 200 200 450 250 150 240 100
g L8 T O —— 1 3 10 6 2 6 4 4 [ 6 [ 4 6 4 4 8 4 3 4 3
§' Deph to Top of Screen (feet) 176 233 173 227 80 185 380 209 535 80 32 33 4765 258 231 400 314 268 182
Ranking ..coooooooooo.o.. 2 12 10 12 10 16 12 8 12 2 16 20 20 6 10 10 8 8 5 6
Overying Fine-Grained Unit (feet) 84 16 85 3 0 76 79 93 193 21 0 0 133 45 11¢ 60 93 103 81
Ranking .....ocovvsuissuses 1 2 8 2 10 - 10 2 2 2 0 8 10 10 0 6 0 4 2 0 2
Distance 1o Confirmed Upgradient
Contamninant Source (feet) >10000 7500 5000 >10000 >10000 >10000 >1000C >10000 7200 >10000 >10000 >10000 >10000 >10000 6000 >10000 >10000 >10000 >10000
Ranking ......cocounuuincans 2 0 14 20 [ 0 0 0 0 14 0 0 0 0 0 14 0 0 0 0
Distance to Potential Upgradient
Contaminant Source (feet) 1000 >10000 >10000 8000 >10000 >10000 >»>1000C »>10000 >100C0 >10000 1300 4900 >10000 1800 >10000 5600 >10000 >10000 >1000)
Ranking .................... 1 4 0 0 2 0 0 0 0 0 0 4 4 0 4 0 2 0 0 0
Ovenll Ranking For Well .......... 21 42 40 24 32 18 14 20 22 30 38 40 10 24 32 18 13 9 11
Nommalized Well Ranking .......... 033 066 063 038 050 028 022 031 034 047 059 063 016 038 050 028 020 014 017
Ranking Criteria for Parameters
Avemge Pumping Rate: Depth to Top of Screen:  Overlying Fine-Grained Uni: Distance to Confirmed Distance to Potential
Contaminant Source: Contaminant Source:
Jess than 100 gpm =2 less than 50 feet = 10 less than 10 feet = 10
100t0 200 gpm =3 50t0 100 feet =8 101025 feet =8 less than 5,000 feet = 10 less than 5,000 feet =4
200 to 300 gpm = 4 100 to 150 feet =7 251050 feet =6 5,000 to 10,000 feet =7 5,000 to 10,000 feet =2
300to 400 gpm = 6 15010 200 feet = 6 50t 75 fet =4 more than 10,000 feet =0 more than 10,000 feet =0
40010 500 gpm =8 200 to 300 feet =5 75 to 100 feet = 2
more thas 500 gpen = 10 300 to 400 fect = 4 more than 100 feet =0
400 to 500 feet = 3 '
more than 500 feet = 1
&
&
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The following parameters were considered for this evaluation: 1) average pumping
rate; 2) depth to top of the screen or perforations; 3) occurrence and thickness of an
overlying fine-grained or confining unit; and 4) distance from the well to known
and/or potential sources of contamination.

Q Pumping rate was considered in the analysis because the extent of the capture
zone for each well, and contaminant transport velocity to the well both increase
as pumping rate increases. Higher pumping rates also have a greater influence
on groundwater flow directions, and in some cases may change natural
groundwater flow patterns.

Q Depth to top of screen was considered because wells which produce water from
shallow zones will be more susceptible to water quality degradation from
overlying contaminant sources than wells which produce water from deeper
zones. Contaminants have a longer vertical migration path before reaching
deeper production zones. In addition, the deeper production zones may be
protected from potential water quality impacts by the occurrence of fine-grained
strata as discussed below.

O Occurrence and thickness of an overlying fine-grained or confining unit was
considered because such units limit the extent of hydraulic communication
between overlying sources of contamination and the production zone,
Contaminant transport through fine grained media (such as the silt/clay
sequences which comprise most of the Lower Troutdale) will be inhibited
because: 1) groundwater flow velocities may be several orders of magnitude
slower through these media than through coarse-grained media; 2) the fine-
grained soils have greater capacity to adsorb metals and other mobile
constituents before they reach the production zone; and, 3) denser fluid phases
associated with contaminants may be unable to penetrate the fine-grained
media.

Q Distance to known/potential sources of contamination was considered because
the risk of water quality degradation is substantially higher for wells located
near documented sources of contamination.

Other factors which may influence aquifer vulnerability include the capture zone
for each well, travel time for contaminants to the well, and transmissivity. A
detailed summary of well capture zone and travel time analyses is presented in the
following section of this report. Results of capture zone/travel time analyses were
used in conjunction with the aquifer vulnerability matrix to assess overall aquifer
vulnerability for each well site. Transmissivity was not considered in the aquifer
vulnerability matrix because the bulk transmissivity of the Upper Troutdale is
considered to be relatively uniform over the WHPP Focus Area. Transmissivity of
the Recent Floodplain Alluvium is higher than for other units; however, the aerial
extent of the Recent Floodplain Alluvium is small, and recharge areas for wells
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which yield water from this unit extend into the Upper Troutdale. Therefore,
although differences in transmissivity may be significant on a local scale, these
differences are not likely to be significant on a regional scale.

For each CPU production well, a ranking of one to ten was assigned for the four
parameters, where a score of ten indicates highest vulnerability and a score of one
indicates lowest vulnerability. Ranking criteria for each parameter are presented
in Table 3-10. A weighting factor of one was assigned to all the parameters except
for depth to top of the screened or perforated interval and distance to confirmed
downgradient source of contamination; these parameters were assigned a
weighting factor of two. A total "score” of 64 points was possible for each well. The
well rankings were normalized by dividing the score for each well by the total

possible score.

Results of the analysis indicate that the normalized scores range from 0.16 to 0.66.
The wells have been divided into three groups based on relative vulnerability, as
determined from the aquifer vulnerability matrix, as follows:

Low Moderate High
Vuinerability Vulnerability Vulnerability
Well Nos. 10, 20, 14, 24, Well Nos. 4, 8, and 15 Well Nos. 18, 19, 5, 7,
25, 27, 17, 23, and 27 and 9

CPU Well Nos. 21 and 90-03 were not included in this analysis because these wells
will not be used for production until a cost-effective treatment for manganese levels
is developed. Well No. 7.2 was likewise not included since it is a replacement well
for Well No. 7 and is assumed to have the same parameters as Well No. 7.

3.6 Wellhead Delineations
3.6.1 Well Capture Zone and Travel Time Analysis

Time-related capture zones were estimated for each of the production well
sources. A capture zone is defined as the zone surrounding a pumping well
that will supply groundwater recharge to the well. A time-related capture
zone is the surface or subsurface areas surrounding a pumping well that will
supply groundwater recharge to the well within some specified period of
time. An understanding of the time-related capture zones in conjunction
with the aquifer vulnerability assessment provides a basis for identifying
effective areas in which to direct future monitoring, land use inventories,
and data collection.

Wells were assigned to three different groups for this analysis. The first
group of wells included the "Zone 1" wells that are located along the Salmon
Creek corridor. These wells are completed in both the Recent Floodplain
Alluvium and the Upper Troutdale aquifers. The second group of wells
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include the "Zone 2" wells that are located outside the Salmon Creek corridor
and are completed in the Upper Troutdale aquifer. The third group of wells
are the "deep” wells that are completed in the Lower Troutdale aquifer.

Capture zones for one, five and ten year times-of-travel were predicted using
either; 1) a analytical modeling approach and a computer program (WHPA)
developed by the EPA; or 2) hydrologic mapping approach coupled to a
Darcian travel time analysis. A sensitivity analysis was also performed to
assess the effects of analytical modeling input parameter errors on capture
zone areas.

Modeling Approach

Zone 1 Wells - The "Zone 1" wells comprise existing production wells located
along Salmon Creek (CPU Well Nos. 9, 17, 18, and 19). All of these wells are
interpreted to be completed in both the Recent Floodplain Alluvium and the
Upper Troutdale (Table 3-1). These sources are all relatively shallow and
likely receive recharge from underflow from the upland areas and possibly
stream leakage from Salmon Creek.

The WHPA code could not be used to assess capture zones and travel times in
vicinity of these sources given the complex nature of the flow system (the
model assumes a uniform flow field whereas the actual flow system in this
area consists of convergent flow from the surrounding upland areas).
Therefore, the capture zones for the Zone 1 wells were delineated using a
hydrologic mapping (flow net) approach. In addition, travel times were
delineated using a one-dimensional Darcy velocity analysis along capture
area stream lines.

The capture zone or upland recharge area for the Zone 1 wells was estimated
from the flow lines shown in Exhibit 3-9. The capture area for the wells is
bounded by the two sets of flow lines that are depicted north and south of the
creek (the downstream flow lines that terminate at Well No. 19 and the
upstream flow line that terminates just upstream of Well Nos. 9 and 17).

The wells may also be locally recharged by natural stream leakage and
induced recharge from Salmon Creek associated with groundwater pumpage.
Stream gaging data (Carr, 1985) indicate significant leakage losses to the
groundwater system in the reach of the stream between Corbin Road and
Klineline Pond. The stream leakage is most significant during the winter
runoff season and is relatively small to nonexistent during the summer base
flow season. :

Because Salmon Creek stream flow may provide a portion of the recharge
that is supplied to Well Nos. 9, 17, 18, and 19, the recharge area that
contributes to the creek upstream of the wells needs to be considered in the
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capture zone analysis. Land use activity that adversely effects groundwater
and surface water quality upstream of the Salmon Creek wells could
potentially impact water quality in the downstream sources. The upstream
recharge area for the stream is depicted by the flow lines shown in Exhibit 3-
9.

Groundwater travel time boundaries for the Zone 1 wells were calculated
using a Darcy velocity approach. Groundwater velocities were estimated
using the following equation:

v = Ki/gwhere:
v = Darcy velocity
K = Hydraulic conductivity
i = Hydraulic gradient
¢ = Aquifer porosity

Travel time distances were then calculated using the following equation:

d =vdt

where:

d = the distance traveled by a conservative groundwater tracer particle
dt = Travel time

A hydraulic conductivity of 80 ft/day was used in the analysis. The hydraulic
conductivity corresponds to a transmissivity of 30,000 gpd/ft and effective
aquifer thickness of 50 feet. A hydraulic gradient of 0.01 was estimated from
the water level contours shown on Exhibit 3-10. An aquifer porosity of 0.20
was assumed. ‘

Zone 2 Wells - An analytical flow model developed by the EPA was used to
assess shallow aquifer capture areas in the vicinity of active CPU production
wells located outside the Salmon Creek corridor. These sites comprise the
"Zone 2" wells, and include Well Nos. 4, 5, 7, 8, 10, 15, 22, 23, and 27.

The WHPA computer model is described in a document entitled "A Modular
Semi-Analytical Model for the Delineation of Wellhead Protection Areas”
(Blandford and Huyakorn, 1991). The model provides semi-analytical
capture zone solutions for homogenous aquifers that exhibit two dimensional,
steady-state groundwater flow in an aerial plane. Multiple pumping wells
can be assessed. The model includes four separate modules for capture zone
and travel time analysis. The RESSQC module was used for the analysis of
the CPU well system.

Input to the model included the following parameters:

O Well locations
Q0 Pumping rates
Q Aquifer transmissivity
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Q Aquifer thickness
Q Hydraulic gradient and direction for ambient flow
O Aquifer porosity

A summary of the input parameters used in the modeling analysis are
presented in Table 3-11.

Pumping rates for the wells were estimated from historical and projected
patterns of pumpage. Maximum and estimated average pumping rates for
each of the well sources is summarized in Table 3-11. Average rates for each
source were computed as a percent of the total system capacity normalized by
the anticipated water demand for the year 2000. Average rates of pumping
were modeled because the analysis considers groundwater flow over a period
of one to ten years.

Aquifer transmissivity values were generally estimated from pumping test
data. In cases where test data were not available (Well Nos. 4 and 15),
transmissivity values were estimated from specific capacity data by
multiplying the specific capacity in gpm/ft by an empirical factor of 2,000.
The transmissivity values obtained from pumping test generally reflect
conditions in the immediate vicinity of the well. The bulk transmissivity of
the aquifer, that is, the transmissivity averaged over relatively large areas,
would be generally lower. Thus, the model transmissivity estimates were
grouped by three values: 8,000 gpd/ft; 30,000 gpd/ft; and 40,000 gpd/ft.

Aquifer thickness values were estimated from drillers and/or lithologic logs.
The estimates generally include all significant water bearing material that
was encountered in the well while drilling through the Upper Troutdale
aquifer. Hydraulic gradients and groundwater flow directions were estimated
from the water level contours presented in Exhibit 3-10. A constant aquifer
porosity of 0.20 was used for the entire modeling analysis.

Separate model runs were performed for Well Nos. 4, 8, 15, and 27 because
they lie at sufficient distances from the other pumping centers that
interference effects can be ignored. The remaining wells were combined into
two other model runs. Well Nos. 5, 7, and 23 lie in proximity to one another
and have approximately the same ambient gradient and flow direction.
Therefore, these wells were combined into a single model run using the
average estimated aquifer properties and thicknesses (Table 3-11). In a
similar manner, Well Nos. 10 and 22 were combined into a single model run.
Since Well No. 7.2 is a backup well for CPU Well No. 7 and is expected to
replace that well within the next few years, it was not incorporated into the

analysis.
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Table 3-11
E Wallhead Protection Program Model Parameter Summary
= Transmiss. Transmise. Transmiss. Modeled Aquifer Maximum Average Specific
ﬁ; Hydraullc Gradient  High Low Source  Transmiss. Thickness Well Yield Well Yield Capacity
h | Well Aquifer Gradilent  Angle (gpd/ft) (gpdift} (gpd/ft) (ft) (gpm) (gpm) (gpov/ft) Delineation Method
Q| _Number iy 121 131 ) 16 {8l 1kl 18] 191 110]
g Well4  Upper Troutdale 0.0100 333 8000 E 8000 100 260 105 4.0 Delineated w/ Analytical Model
g Well 5 Upper Troutdale 0.0057 49 208600 P 40000 80 1200 540 28.3 Delineated w/ Analytical Model
51 Well?  Upper Troutdale 0.0071 32 114500 21000 P 40000 40 580 330 42.0 Delineated w/ Analytical Modet
§' Well 7.2 Upper Troutdale sameas Well 7 114500 21000 P 40000 65 400 20.8 Rreplacement Well for Well 7
§- Well 8.1  Upper Troutdale 0.0043 20 8000 6200 P 8000 60 176 B0 2.9 Delineated w/ Analytical Model
"1 wells  Upper Troutdale 295200 P 30000 45 700 265 76.9 Delineated w/ Hydro. Mapping
and Darcian Analysis
Well 10 Upper Troutdale 0.0057 6 60800 P 30000 20 600 235 30.0 Delineated w/ Analytical Model
Well 14  Lower Troutdale 0.0048 28 30000 8000 P 39000 60 680 220 4.6 Delineated w/ Analytical Model
Well 156 Upper Troutdale 0.0040 33 48000 E 30000 85 760 340 24.0 Delineated w/ Analytical Model
Well 16.1 Lower Troutdale 0.0048 28 37000 35000 P 39000 60 770 320 6.6 Delineated w/ Analytical Model
Well 17 Upper Troutdale 6233060 477500 ) o 30000 &0 600 56 180.9 Delineated w/ Hydro. Mapping
. and Darcian Analysis
Well 18 Upper Troutdale 130000 P 30000 30 600 230 47.4 Delineated w/ Hydro. Mapping
and Darcian Analysis
Well 18 Upper Troutdale 726000 | 30000 40 200 340 41.7 Delineated w/ Hydro. Mapping
and Darcian Analysis
Well20 Lower Troutdale 0.0048 28 28600 18700 P 39000 60 800 200 6.6 Delineated w/ Analytical Model
Well 21 Lower Troutdale 0.0048 28 22000 E 39000 60 1000 400* 10.8 Delincated w/ Analytical Mudel
Well 22 Upper Troutdale 0.0044 354 22200 14300 P 30000 116 450 200* 8.3 Delineated w/ Analytical Model
Well 23 Upper Troutdale 0.0064 45 810000 683000 P 40000 10 1600 450* 126 Delineated w/ Analytical Model
Well 24  Lower Troutdale 0.0048 28 20900 16700 P 39000 60 660 260* 8.0 Delineated w/ Analytical Model
Well25 Lower Troutdale 0.003 ki 10560 9460 P 21500 a3 as0 150* 4.0 Delineated w/ Analytical Model
Well26 Lower Troutdale 0.0028 4 21600 26400 P 28000 43 600 240* 14.3 Delineated w/ Analytical Model
Well 27  Upper Troutdale 0.007 80 §300 P 9300 a8 350 100* 4.8 Delineated w/ Analytical Model
Footnotes:
(1} Hydroulic gradient in vicinity of well source. 8] Transmissivity value used in EPA WHP modeling analysis.
[2] Gradient angle measured counter clockwise from x-axis. |7) Estimated aquifer thickneas in vicinily of the well.
{3) High end estimate for aquifer transmissivity. [8] Instantaneous well yield or design rate for well and pump.
(4] Luw end estimale for transmissivity. _ [9] Average pumping rate for well based on CPU production data for the period 1985 through 1990,
6] Source of transmissivity estimates; pumping test dala (P) or Wells with " *” have no historical production data; these estimates are based on well capacity limitations.
estimated from specific capacity dala (E). Transmissivity [10) Specific capacity of the well based on pumping test data.
estimates (E) were computed as Trans. = 2000 * Specific Capacity.
it
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Deep Wells - Existing production wells at sites 14, 16, 20, 24, 25, and 26 are
completed within the Lower Troutdale aquifer and are currently used for
production (Table 3-1). Other deep supply wells that are currently not used
due to excessive manganese levels include Wells 21 and 90-03.

Reliable water level data for assessing groundwater flow direction and
gradient in the Lower Troutdale are limited. Water level contour maps for
the Lower Troutdale aquifer have not been developed. However, water
levels, groundwater flow directions and hydraulic gradients for the deeper
aquifer systems have been delineated by the USGS (Morgan and McFarland,
1991) as part of the Portland Basin numerical groundwater flow modeling
study (Exhibit 3-15). The water level contours are for layer 4 of the USGS
model. The model contours were obtained from a steady-state model
simulation of the 1988 water level conditions. ~

The EPA analytical capture zone model was used in conjunction with the
water level contours defined by the USGS numerical modeling study to
assess capture zones for the deep supply wells. The USGS model contours
provide a definition of the hydraulic gradients and flow directions for the
Lower Troutdale. An average hydraulic conductivity value of 87 ft/day was
used for modeling the capture zones. Aquifer transmissivity was varied in
proportion to the thickness of the aquifer at each site. An aquifer porosity of
0.20 was assumed for all wells. A summary of the input parameters used in
the modeling analysis are presented in Table 3-11.

"Pumping rates for the wells were estimated from historical and projected
patterns of pumpage. Maximum and estimated average pumping rates for
each of the well sources is summarized in Table 3-11. Average rates for each
source were computed as a percent of the total system capacity normalized by
the anticipated water demand for the year 2000. Average rates of pumping
were modeled because the analysis considers groundwater flow over a period
of one to ten years.

Separate model runs were performed for Well Nos. 21, 25, 26, and 90-03
because they lie at sufficient distances from the other pumping centers that
interference effects can be ignored. The remaining wells (14, 16, 20, and 24)
were modeled collectively because they lie in proximity to one another and
have approximately the same ambient gradient and flow direction. These
wells were combined into a single model run using the average estimated
aquifer properties and thicknesses that are presented in Table 3-11.

Results

The modeled capture zone for one, five, and ten year time-of-travel analyses
for Zone 1, Zone 2, and deep wells are presented in Exhibits 3-14 and 3-15.
The areas within the shaded boundaries shown on the figures represent the
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estimated zone of groundwater contribution to the well sources for each
period of analysis. Capture zone areas expand as a function of larger travel
times. The capture areas extend mostly upgradient of the well source. The
downgradient limit of the capture area is defined by the location of a
stagnation point. Water particles upgradient of the stagnation point travel
toward the well. Water particles downgradient of the stagnation point travel
in the direction of the regional hydraulic gradient and are carried away from
the well.

Theoretically, well capture areas should not extend beyond a groundwater
divide. However, the RESSQC option of the WHPA model has an inherent
limitation, which is that it assumes a uniform flow field or only one ambient
groundwater flow direction. Consequently, the modeled capture areas for
CPU Well Nos. 4, 5, 7, and 23 would have extended beyond the groundwater
divide if no corrections were made to the model output. If the model could
assess a variable two dimensional flow field, then capture areas would tend
to align with variations in the natural flow field and would extend
subparallel to the divide boundary. In order to correct for this limitation, the
model output for Well Nos. 4, 5, 7, and 23 was graphically modified to reflect
non-uniform flow field conditions resulting from the groundwater divide
which occurs to the north of these wells.

Exhibit 3-14 shows the ten year travel time boundary and capture areas for
the all of the shallow water supply wells as well as the recharge area that
contributes upgradient of the Zone 1 wells. The ten year capture area for the
well sources represents the most critical area in which to focus additional
field investigations, land use surveys, and long-term monitoring. The
recharge area upstream of the Zone 1 wells represents a secondary area for
future investigations.

3.6.2 Sensitivity Analysis

A parameter sensitivity analysis was performed using the WHPA program.
The objective of the sensitivity analysis was to illustrate the effects of
parameter uncertainty on capture areas for wells. Because of the parameter
uncertainty, the capture areas presented above should be considered as only
an approximation of actual conditions. The confidence limits of the model
and its resultant output can be improved through additional data collection
efforts.

The sensitivity analysis was performed by establishing a base case time-
related capture zone for a representative set of input parameters and then
comparing changes in the capture zone configuration that results from
changes in the model input.
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The base case input parameters can be summarized as follows:

Transmissivity (T) 40,000 gpd/t
Pumping rate (Q) 500 gpm
Hydraulic gradient (I) 0.005
Aquifer thickness (b) 50 ft

Agquifer parosity (a) 0.02

For each subsequent sensitivity model run, a single parameter was changed
and the results evaluated. The parameters were both increased (high end)
and decreased (low end) by a factor of two. The results of the sensitivity

analysis are presented in the 1991 Work Plan (PGG & EES, 1991). The
following is a summary of the results of this analysis:

Q& Increasing the pumping rate (high Q) tends to increase the width of the
capture zone whereas decreasing the pumping rate (low Q) has the
opposite effect.

Q Increasing the transmissivity (high T) tends to both increase the length of
the capture area (for a specified travel time) as well as decrease its width.
Decreasing the transmissivity (low T) has the opposite effect on the
capture zone.

O The effects of hydraulic gradient errors are very similar to the effects
introduced by transmissivity errors.

O Larger aquifer thickness (high b) tends to reduce the length of the capture
area for any specified travel time. Smaller aquifer thickness has the
opposite effect on the capture zone.

The effects of aquifer porosity errors are very similar to the effects introduced
by aquifer thickness errors.

3.7 Water Quality

A wide range of historical and current water quality data was reviewed and
summarized in order to characterize conditions in the Focus Area and to evaluate
the susceptibility of groundwater supplies to contamination from land use
activities. Data from past monitoring efforts were analyzed and new monitoring
wells were sampled to provide additional water quality information and to fill data

gaps.
3.7.1 Existing Data

Historical water quality data from the following sources were reviewed as
part of the 1991 Work Plan (PGG & EES, 1991):
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Q CPU production wells;
O private wells monitored by CPU;
O USGS/IRC monitoring; and

Q Department of Health monitoring wells located downgradient of Pacific
Northwest Plating, Leichner Landfill, and Ross Complex.

Results from this data are summarized below.
CPU Production Wells

CPU monitors their production wells for primary and secondary
contaminants in accordance with State drinking water regulations. Water
quality data for CPU production wells in 1990 are summarized in the 1991
Work Plan (PGG & EES, 1991). These data indicate that the water quality is
generally good. Inorganic constituents are all within primary and secondary
drinking water standards with the exception of elevated iron and manganese
in Well Nos. 12 and 15. VOCs have also been monitored in CPU production
wells. Well No. 17 was temporarily taken out of production when low levels
of tetrachloroethylene, trichlorcethylene, and other VOCs were detected in
1989. The levels measured for these parameters were well below maximum
contaminant levels proposed by EPA. The well was put back into service
after subsequent testing.

Manganese concentrations in Well Nos. 21 and 20-03 have exceeded drinking
water standards since the wells were installed in 1990. Consequently, these
wells are not used for water supply.

Private Wells

CPU initiated a water quality sampling program for approximately 4,200
private domestic wells in the spring of 1990. The objectives of this program
were to:

O Assess general water quality conditions in Clark County,
Q Create a database of private wells in Clark County, and

Q) Provide a service to private well owners by making water quality results
available.

Field parameters included pH, temperature, and conductivity; in addition,
samples were collected for coliform bacteria, nitrate, iron, and manganese
and were submitted to a chemical laboratory for analysis. Results were
summarized in the 1991 Work Plan (PGG & EES, 1991). The percentage of
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wells with water quality parameters which exceeded established Maximum
Contaminant Levels (MCLs) are summarized below:

Water Quality Parameters Exceeding MCLs

Maximum
Contaminant # Sites % Sites
. Parameter Level (MCL) > MCL > MCL
Conductivity 700 umhos/cm 18 0.4%
Nitrate 10 mg/L 18 0.4%
Iron 0.3 mg/L 895 21.3%
Manganese 0.05 mg/L 942 22.4%

In addition, coliform bacteria were measurable in 850 (20.2 percent) of the
private wells tested, and nitrate concentrations between 5 to 10 mg/L were
detected in 52 (1.2 percent) of the samples. Approximate locations of
elevated nitrate concentrations within the Focus Area are shown on Exhibit
3-16.

Other Water Quality Studies

USGS - IRC Study. The USGS, in cooperation with the IRC of the County,
conducted bacteriological, chemical, and radiological water quality
monitoring for 76 wells throughout the County during April and May of
1988. Parameters analyzed included:

Major ions,

Silica,

Nitrate,
Phosphorous,
aluminum,

Iron and manganese,
Radon, and
Bacteria.

ooopoopo

In addition, twenty of these wells were also sampled for selected trace
elements and organic compounds, including parameters from the priority
pollutant list, SDWA, and the National Primary Drinking Water Regulation
(NPDWR) standards. In July and August 1988, 28 of these wells were
re-sampled to verify previous bacteria results or to replace samples lost in the
laboratory.

Results indicate that eleven samples did not meet drinking water standards
for total coliform, that three samples exceeded the MCL for iron, and thirteen
exceeded the MCL for manganese. Concentrations for all other inorganic,
radiochemical, and organic constituents met current drinking water
standards.

Aquifer Characterization 3-66



EXHIBIT 3-16

CLARK PUBLIC UTILITIES
LOCATION OF ELEVATED NITRATE LEVELS AND SEWERED AREAS

=
J

December 30, 1994

]

0

25 30
uW-0

.

VANCOUVER LAKE

-

< s

VANCOUVER Qgg{ug
16 13 14 13 18
®
'A.‘ | R.1E | R2E
LEGEND

® SITES CONTAINING 5-10 mg/L OF NITRATE e

1] 1
» SITES CONTAINING MORE THAN 10 mg/L. OF NITRATE v zs)

PREPARED FOR CLARK C(ZHJI'I'!;IY

ECONOHIC AND ENGINEER]NG SERVICES. INC.
AND PACIFIC GROUNDWATER GROUP

Aquifer Characterization 3-67



December 30, 1994

VOCs (tetrachloroethene, 1,1,1-trichloroethane, and other solvents) were
present in three wells located in the Vancouver urban area. Trace amounts
of VOCs were detected in several other wells, but levels were too small to
assess the validity of the results. Atrazine (a pesticide) was detected in one
of the Vancouver area wells, and 2,4-D (another pesticide) was detected in
two rural wells. These wells were re-sampled at a later date however, and
the compounds were not detected. Nitrate nitrogen concentrations exceeded
1.0 mg/L throughout the Vancouver urban area, and were as high as 6.7

mg/L.

Pacific Northwest Plating - The Boomsnub-Pacific Northwest Plating facility
lies just southeast of the intersection of N. E. 78th Street and St. John's Road
(Exhibits 3-2 and 3-11). Ecology is currently conducting interim remedial
activities associated with cleanup of chromium contamination in
groundwater at and downgradient from the Boomsnub site. Boomsnub is
currently under an enforcement order requiring extraction of contaminated
groundwater and treatment to remove chromium. The contaminated
groundwater from the on-site extraction well contains hexavalent chromium
levels in excess of 300 ppm. The source of chromium contamination in the
groundwater appears to be contaminated soil beneath the facility. It is
believed that the site soils may have been contaminated as a result of a
chromic acid spill due to failure of an above-ground tank 20 years ago. In
addition, discharges of spent plating solution directly to the soil have also
been reported.

Soil and groundwater contamination was first documented at the site in
1987. Quarterly monitoring data through 1989 indicated a relatively stable
and low concentration of hexavalent chromium. In late 1989, data obtained
during the installation of and sampling of a downgradient well indicated that
the plume was migrating. In March 1990, the Boomsnub Corporation
reported to Ecology a 4.5 order of magnitude increase in hexavalent
chromium at one of the downgradient monitoring wells. The increase in
chromium was attributed to a leak (300,000 gallons) in a fresh water supply
line that lies beneath the facility.

To-date, Ecology has installed a total of 43 monitoring wells in order to
characterize the local hydrogeclogy and assess the horizontal and vertical
extent of the chromium plume. The extent of the chromium plume has not
yet been fully defined. Exhibit 3-11 shows the approximate location of the
chromium plume based on June 1993 monitoring data. The plume boundary
has been arbitrarily defined as the area within which chromium
concentrations exceed 1.0 mg/L. The western and southern extents of the
portion of the plume in the upper aquifer are still unknown. In addition,
chromium is likely present beyond the boundaries shown on Exhibit 3- 11 in
concentrations less than 1.0 mg/L. Chromium does not appear to have
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migrated below the upper (Pleistocene Deposits) aquifer. Chromium
concentrations exceeding 1.0 mg/L have been detected as far as 2,000 feet
downgradient of the Boomsnub site. In order to restrict further plume
migration, groundwater is being pumped at a rate of about 27 gallons per
minute from nine wells which comprise the existing extraction system. CPU
and Ecology are currently working together to expand this system, which
does not extend north of 78th Street. The primary objective of the expansion
will be to contain the portion of the plume containing total chromium
concentrations greater than 1.0 mg/L.. Further investigation will be required
in the future to characterize the full extent of the plume and to determine the
feasibility and approach to cleanup.

Airco - The Airco plant is located at 4715 N. E. 78th Street in Vancouver,
Washington (Exhibits 3-2 and 3-11). VOCs were first identified in samples
collected downgradient of the site in January and May, 1991. Concentrations
of VOCs as high as 12,000 pg/l. have been detected in Boomsnub's
monitoring wells. Airco has just completed an Interim Action under Agreed
Order Number DE93TC-S153. This Interim Action consisted of on-site
investigations and source characterization for VOC contamination. A total of
seventeen monitoring wells have been installed on site. No off-site work has
been done by Airco to-date; however, Airco has recently negotiated an
Agreed Order with Ecology which would include off-site hydrogeologic and
hydrochemical characterization. The horizontal and vertical extents of the
VOC plume have been poorly defined. Preliminary data indicate that the
plume may extend as far west as CPU Well MW-1, and nearly as far south as
St. John's Road (Exhibit 3-11). Available data also indicate that VOCs may
have migrated below the upper (Pleistocene Alluvial Deposits) aquifer.

Leichner Landfill - Thirteen wells in the Leichner Landfill area have been
monitored by WDOH for VOCs. The landfill is located near the intersection
of N. E. 94th Street and N. E. 94th Avenue (Exhibit 3-2). Five of the wells
had detectable levels of VOCs ranging from 0.5 to 2.4 pg/L. All levels were
below current drinking water standards.

BPA - Ross Complex - Ross Complex is a control center for electrical
generation and transmission which is owned and operated by the Bonneville
Power Administration (BPA). The facility is located just south of Cold Creek
and east of Interstate 5 and Highway 99 (Exhibit 3-2). Activities at the Ross
Complex include handling transformer oils containing polychlorinated
biphenyls (PCBs), organic and inorganic compounds for preserving wood,
paints, solvents, waste oils, and heavy metals; using organic and inorganic
compounds in the laboratory; and operating a disposal site and sanitary
drainfield. A preliminary assessment and site investigation which involved
sampling several on-site wells has been completed for this site. In addition,
five supply wells in the City of Vancouver's Well Field 3 were sampled for
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VOCs, base-neutral-acid compounds (BNAs), pesticides, PCBs, and
polynuclear aromatic hydrocarbons (PAHSs) because the wells are located one
half mile downgradient of Ross Complex. Of the five wells tested, three
showed levels of 1,1,1-trichlorethane ranging from 1.65 to 4.08 pg/l,, and 1,1-
dichlorethylene was detected at concentrations ranging from 0.58 to 0.70
pg/L. Although both parameters are found in concentrations below current
drinking water standards, the results suggest a source of contamination to
the aquifer. These wells are located to the south of Ross Complex, and lie
outside of the Focus Area.

Data Gaps

The 1991 Work Plan identified several areas where water quality data were
insufficient to characterize groundwater quality in the WHPP Focus Area.
Specifically, the Work Plan identified the following data gaps which are
critical to wellhead protection:

Q Additional monitoring data for land use indicator parameters. This data
should be from CPU production wells and from monitoring wells located
upgradient from production zones. Parameters should include indicators
of increasing urbanization, commercial and industrial activity, and
agricultural land use impacts.

Q Additional geochemical and physical water quality data to further
characterize the hydrogeology of the Focus Area.

Q Monitoring to determine the extent of surface water influence to Zone 1
Wells. Data collection would involve sampling groundwater from Zone 1
Wells and surface water from nearby reaches of Salmon Creek.

3.7.2 Data Analysis

Six of the eight monitoring wells were installed with double completions so
that water quality could be analyzed from both the upper (Pleistocene
Alluvial Deposits) aquifer and the regional (Upper Troutdale) aquifer.

A data collection and analysis plan was developed by reviewing historical
water quality information regarding the occurrence of contamination, and by
assessing predominant land use activities in hydrogeologically sensitive
areas. Water quality indicator parameters were measured from wells
primarily situated along the Highway 99 corridor and in the vicinity of the
Boomsnub and Airco sites along N. E. 78th Street. Categories of parameters
which were monitored included: 1) Coliform bacteria; 2) Regulated
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inorganics; 3) Unregulated inorganics; 4) Regulated volatile organics; and 5)
Unregulated volatile organics.

A complete list of individual parameters is provided in Appendix C, the
QA/QC Plan. A semi-annual sampling plan was developed so that seasonal
variations could be monitored for most parameters. Nitrate, chromium, and
bacteria were monitored on a quarterly basis at selected locations. Sampling
was conducted in November, 1992, and in February, May, and August, 1993.
Table 3-12 summarizes results of analyses for VOCs by EPA Method 502.2
for regulated and non-regulated compounds. Table 3-13 summarizes results
of analyses for inorganic constituents. Preliminary results of the four
monitoring rounds are summarized below.

Regulated Inorganics and Bacteria

Inorganic constituents analyzed included iron, manganese, barium,
chromium, and nitrate. The objectives of these analyses were: 1) to evaluate
levels of naturally occurring inorganic constituents such as trace metals and
nitrates; and 2) to screen for potential contamination associated with human
activities and land use practices. In addition, bacterial analyses were
conducted to determine if aquifer conditions would promote the proliferation
of pathogenic organisms if introduced to the subsurface environment.

Iron and Manganese - The results of analyses which exceeded regulatory
MCLs for iron and manganese during the first three monitoring rounds are
summarized below. :

Inorganic MCL Exceedances

Date Measured

Parameter Site Sampled Value Units MCL
Iron MW-TS 11/18/92 2.8 mg/L 0.3
MW-78 5/19/93 5.1 mg/L 0.3
MW-7D 5/19/93 0.46 mg/L 0.3

Manganese MW-18 11/19/92 0.16 mg/L 0.05
MW-1D 11/19/92 0.85 mg/LL 0.05

MW-1D 5/19/93 0.67 mg/L 0.05

MW-3S 11/18/92 0.06 mg/L 0.05

MW-43 11/17/92 0.15 mg/L 0.05

MW-4D 11/18/92 0.8 mg/L 0.05

MW-4D 5/19/93 0.88 mg/L 0.05

MW-5D 11/18/92 0.83 mg/L 0.05

MW-78 11/18/92 0.66 mg/L 0.05

MW-7S 5/19/93 - 0.57 mg/L 0.05

MW-7D 5/19/93 0.11 mg/L 0.05

MW-9S 11/17/92 0.13 mg/L 0.05

Felter-D 11/19/92 2.0 m;g/_L 0.06
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Table 3-12
Organic Chemistry Resulis

COMPOUND

Limit

8

(4

MW-18
07/15/92

Qal
MW-135
11/19/92

Qal
MW-15
02/08/93

Qal
MW-15
02/26/93

MW-15
04/15/93

Qal
MW-18
05/19/93

MW-15
07/27/93

Reguiated Compounds
Vinyl chlorids
1,1-Dichloroethylene
1,1,1-Trichloroethans
Carbon tetrachloride
Benzene
1,2-Dichloroethans
Trichloroethylens
p-Dichlorobenzene

1.0
05
0.5
0.5
0.5
0.5
0.5
0.5

B
hth th b 3~

=~
i

838

888

Unregulated Compounds

Chloromethane
Bromomethane
Chloroethane
Methylens chloride
t-1,2-Dichloroethylens
1,1-Dichlorocthane
2,2-Dichloropropane
cis-1,2-Dichioroethylen
1,1-Dichloropropene
1,2-Dichloropropane
Dibromomethane
Toluene
1,1,2-Trichloroethane
Tetmchloroethylene
1,3-Dichloropropane
Chiorobenzene
1,1,1,2-Tetrachloroeth
Ethylbenzene

Total Xylens

Styrene

Bromobenzene
1,2,3-Trichloropropane
1,1,2,2-Tetrachloroethar
o-Chlorotoluene
p-Chiorotoluene
m-Dichiorobenzene
o-Dichlorobenzene
t-1,3-Dichloropropene
¢-1,3-Dichloropropene
Dichlorodifluoremethan|
Trichlorofluoromethane
Bromochloromethane
Isopropylbenzene
n-Propyibenzene
1,3,5-Trimethylbenzene
tert-Butylbenzeno
1,2,4-Trimethyibenzene
sec-Butylbenzene
p-Isopropyltoluene
n-Butylbenzene

1,2 4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
1,2 3-Trichlorobenzene

30
1.0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
0.5

0.5
0.5
0.5
0.5
0.5

0.5
3.0
1.0
0.5
0.5
0.5
05
0.5

05
0.5
0.5
0.5
0.5
0.5
0.5

0.1

0.07

0.005

1.0

0.7
100
0.1

0.6

Tribalomethanes
Chloroform
Bromodichloromethane
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Bromoform

0.5
0.5
0.5
0.5
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Table 3-12 (cont)
QTt QT t QT Qnt QT QT QT
Detect. MW.1D MW.1D MW-1D MW-1D MW-1D MW-1Ddup MW-1D
COMPOUND Limit | MCL | 11/19/92 | 0208893 02/26/93 04/15/03 05/19/93 05/19/93 07/27/93
Regulated Compounds|
Vinyl chloride Lo 2 ND ND ND ND ND ND ND
1.1-Dichloroethylene 0.5 7 ND 05 ND ND ND ND ND
1,1,1-Trichloroethane 0.5 | 200 ND 4 0.7 1.3 238 29 23
Carbon tetrachlorids 0.5 5 ND ND ND ND ND ND ND
Benzene 05 5 ND ND ND ND ND ND ND
1,2-Dichiorocthanc 0.5 5 ND ND ND ND ND ND ND
Trichloroethylens 0.5 5 0.5 6 23 5.3 74 7.7 6.0
p-Dichlorobenzene 0.5 75 ND ND ND ND ND ND ND
Unregulated Compounds
Chloromethane 30 ND ND ND ND ND ND ND
Bromomethane 1.0 ND ND ND ND ND ND ND
Chloroethane 05 ND ND ND ND ND ND ND
Methylene chlonde 0.5 ND ND ND ND ND ND ND
t-1,2-Dichloroethylene 05 0.1 ND ND ND ND ND ND ND
1,1-Dichloroethane 0.5 ND ND ND ND ND ND ND
2,2-Dichloropropane 0.5 ND ND ND ND ND ND ND
cis-1,2-Dichloroethylend 0.5 0.07 ND ND ND ND ND ND ND
1,1-Dichloropropene 0.5 ND ND ND ND ND ND ND
1,2-Dichloropropane 05 | 0.005 ND ND ND ND ND ND ND
Dibromomethane 05 ND ND ND ND ND ND ND
Toluens 05 1.0 ND ND ND ND ND ND ND
1,1,2-Trichloroethane 0.5 ND ND ND ND ND ND ND
Tetrachloroethylene 0.5 ND ND ND ND ND ND ND
1,3-Dichloropropane 0.5 ND ND ND ND ND ND ND
Chlorobenzene 0.5 ND ND ND ND ND ND ND
1,1,1,2-Tetrachjoroethay 0.5 ND ND ND ND ND ND ND
Ethylbenzene 0.5 0.7 ND ND ND ND ND ND ND
Total Xylene 0.5 10.0 ND ND ND ND ND ND ND
Styrene 0.5 0.1 ND ND ND ND ND ND ND
Bromobenzene 0.5 ND ND ND ND ND ND ND
1,2,3-Trichloropropane | 0.5 ND ND ND ND ND ND ND
1,12.2-Tetmachloroethay 0.5 ND ND ND ND ND ND ND
o-Chlorotoluene 0.5 ND ND ND ND ND ND ND
p-Chlorotoluene 0.5 ND ND ND ND ND ND ND
m-Dichlorobenzene 0.5 ND ND ND ND ND ND ND
o-Dichlorobenzene 0.5 0.6 ND ND ND ND ND ND ND
t-1,3-Dichloropropene 0.5 ND ND ND ND ND ND ND
¢-1,3-Dichloropropene | 0.5 ND ND ND ND ND ND ND
Dichlomdiﬂuornmct!mq 30 ND ND ND ND ND ND ND
Trichlorofluoromethans| 1.0 ND ND ND ND ND ND ND
Bromochloromethans 0.5 ND ND ND ND ND ND ND
Isopropylbenzene 0.5 ND ND ND ND ND ND ND
o-Propylbenzene 0.5 ND ND ND ND ND ND ND
1,3,5-Trimethylbenzene| 0.5 ND ND ND ND ND ND ND
teri-Butylbenzene 0.5 ND ND ND ND ND ND ND
1.2,4-Trimethyibenzene| 0.5 ND ND ND ND ND ND ND
sec-Butylbenzene 0.5 ND ND ND ND ND ND ND
p-Isopropyltoluene 0.5 ND ND ND ND ND ND ND
n-Butylbenzene 05 ND ND ND ND ND ND ND
1,2.4-Trichlorobenzene { 0.5 ND ND ND ND ND ND ND
Naphthalene 0.5 ND ND ND ND ND ND ND
Hexachlorobutadiene 0.5 ND ND ND ND ND ND ND
1,2,3-Trichlorobenzene | 0.5 ND ND ND ND ND ND ND
Trihalomethanes
Chloroform 0s ND ND ND ND ND ND ND
Bremodichioromethane| 0.5 ND ND ND ND ND ND ND
Chlorodibromomethage| (.5 ND ND ND ND ND ND ND
Bromoform 0.5 ND ND ND ND ND ND ND
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Table 3-12 (cont)
Qai QT Qal QT Qal Qal
Detect, MW-3s MW.3D MW.43 MW.4D MW-53 MW.58
COMPOUND Limit | MCL | 11/1892 | 11/18/92 11/1792 11/1892 11/19/92 05/1993
Reguiated Compounds
Vinyl chlorids 1.0 2 ND ND ND ND ND ND
1,1-Dichloroethylens 0.5 7 ND ND ND ND ND ND
1,1,1-Trichloroethane 05 | 200 ND ND ND ND ND ND
Carbon tetrachloride 0.5 5 ND ND ND ND ND ND
Benzene 05 5 ND ND ND ND ND ND
1.2-Dichloroethane 05 5 ND ND ND ND ND ND '
Trichloroethylene 0.5 5 ND ND ND ND ND ND
p-Dichlorobenzens 0.5 75 ND ND ND ND ND ND
Unregulated Compounds
Chioromethane o0 ND ND ND ND ND ND
Bromomethane 1.0 ND ND ND ND ND ND
Chloroethane 0.5 ND ND ND ND ND ND
Methylens chloride 05 ND ND ND ND ND ND
t-1,2-Dichloroethylens | 0.5 0.1 ND ND ND ND ND ND
1,1-Dichloroethane 05 ND ND ND ND ND ND
2,2-Dichloropropane 0.5 ND ND ND ND ND ND
cis-1,2-Dichloroethylen{ 0.5 0.07 ND ND ND ND ND ND
1,1-Dichloropropene 035 ND ND ND ND ND ND
1,2-Dichloropropane 0.5 | 0.005 ND ND ND ND ND ND
Dibromomethane 0.5 ND ND ND ND ND ND
Toluene 0.5 1.0 ND ND ND ND ND ND
1,1,2-Trichloroethane 0.5 ND ND ND ND ND ND
Tetrachioroethylene 0.5 ND ND ND ND ND ND
1,3-Dichloropropane 0.5 ND ND ND ND ND- ND
Chlorobenzene 0.5 ND ND ND ND ND ND
1,1,1,2-Tetrachloroethary 0.5 ND ND ND ND ND ND
Ethyibenzene 0.5 0.7 ND ND ND ND ND ND
Total Xylene 0.5 10.0 ND ND ND ND ND ND
Styrene 05 | ol ND ND ND ND ND ND
Bromobenzene 0.5 ND ND ND ND ND ND
1,2,3-Trichloropropane | 0.5 ND ND ND ND ND ND
1,1,2,2-Tetrachlorocthag 0.5 ND ND ND ND ND ND
o-Chlorotoluene 0.5 ND ND ND ND ND ND
p-Chlorotoluene 05 ND ND ND ND ND ND
m-Dichlorobenzens 0.5 ND ND ND ND ND ND
o-Dichiorobenzene 05 0.6 ND ND ND ND ND ND
t-1,3-Dichloropropens | 0.5 ND ND ND ND ND ND
e-1,3-Dichloropropene | 0.5 ND ND ND ND ND ND
Dichlorodiflucromethan) 3.0 ND ND ND ND ND ND
Trichloroflnoromethane| 1.0 ND ND ND ND ND ND
Bromochloromethane 0.5 ND ND ND ND ND ND
Isopropylbenzene 05 ND ND ND ND ND ND
n-Propylbenzene 0.5 ND ND ND ND ND ND
1,3,5-Trimethylbenzene| 0.5 ND ND ND ND ND ND
tert-Butylbenzene 0.5 ND ND ND ND ND ND
1,2,4-Trimethylbenzene| 0.5 ND ND ND ND ND ND
sec-Butylbenzene 0.5 ND ND ND ND ND ND
p-lsopropylioluens 0.5 ND ND ND ND ND ND
n-Butylbenzene 0.5 ND ND ND ND ND ND
1,2 4-Trichlorobenzene | 0.5 ND ND ND ND ND ND
Naphthalene 0.5 ND ND ND ND ND ND
Hexachlorcbutadiens 0.5 ND ND ND ND ND ND
1,2,3-Trichlorobenzene | 0.5 ND ND ND ND ND ND
Trihalomethanes
Chioroform 0.5 ND ND ND ND ND ND
Bromodichloromethane| 0.5 ND ND ND ND ND ND
Chlorodibromomethane| 0.5 ND ND ND ND ND ND
Bromoform 0.5 ND ND ND ND ND ND
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Table 3-12 {cont)
QT Q. Qe QT Qal Qal qt
Detect. MW-5D MW.5D MW-6 MW-6 MW.78 MW.78 MW.7D
COMPOUND Limit | MCL | 1171892 | 05/19/93 11/18/92 05/19/93 11/18/92 05/19/93 11/18/92
Regulated Compounds]
Vinyl chlonde 1.0 2 ND ND ND ND ND ND ND
1,1-Dichloroethylens 0.5 7 ND ND ND ND ND ND ND
1,1,1-Trichloroethane 0.5 200 ND ND ND ND ND ND ND
Carbon tetrachlorids 05 5 ND ND ND ND ND ND ND
Benzene 05 5 ND ND ND ND ND ND ND
1,2-Dichlomethane 0.5 5 ND ND ND ND ND ND ND
Trichloroethylene 0.5 5 ND ND ND ND ND ND ND
p-Dichlorobenzene 0.5 75 ND ND ND ND ND ND ND
Unregulated Compounds
Chloromethane .0 ND ND ND ND ND ND ND
Bromomethane L0 ND ND ND ND ND ND ND
Chloroethans 0.5 ND ND ND ND ND ND ND
Methylene chloride 05 ND ND ND ND ND ND ND
t-1,2-Dichioroethylens | 0.5 0.1 ND ND ND ND ND ND ND
1,1-Dichloroethane 05 ND ND ND ND ND ND ND
2,2-Dichloropropane 0.5 ND ND ND ND ND ND ND
cis-1,2-Dichloroethylen{ 0.5 0.07 ND ND ND ND ND ND ND
1,1-Dichloropropene 0.5 ND ND ND ND ND ND ND
1,2-Dichloropropane 05 | 0.005 ND ND ND ND ND ND ND
Dibromomethane 05 ND ND ND ND ND ND ND
Toluens 0.5 1.0 ND ND ND ND ND ND ND
1,1,2-Trichloroethane 0.5 ND ND ND ND ND ND ND
Tetrachloroethylene 05 ND Nb ND ND ND ND ND
1,3-Dichlorvpropane 0.5 ND ND ND ND ND ND ND
Chlorobenzene 05 ND ND ND ND ND ND ND
1,1,1 2-Tetrachloroetha 0.5 ND ND ND ND ND ND ND
Ethylbenzene 05 | o7 ND ND ND ND ND ND ND
Total Xylena 0.5 10.0 ND ND ND ND ND ND ND
Styrene 0.5 0.1 ND ND ND ND ND ND ND
Bromobenzene 0s ND ND ND ND ND ND ND
1,2,3-Trichioropropane | 0.5 ND ND ND ND ND ND ND
1,1,22-Tetrachloroethay 0.5 ND ND ND ND ND ND ND
o-Chlorotoluene 0.5 ND ND ND ND ND ND ND
p-Chlorotoluene 0.5 ND ND ND ND ND ND ND
m-Dichlorobenzene 0.5 ND ND ND ND ND ND ND
o-Dichlorobenzene 0.5 0.6 ND ND ND ND ND ND ND
t-1,3-Dichloropropens 0.5 ND ND ND ND ND ND ND
¢-1,3-Dichloropropene | 0.5 ND ND ND ND ND ND ND
Dichlorodifluoromethan| 3.0 ND 1.5 ND ND ND ND ND
Trichlorofluoromethane| 1.0 ND ND ND ND ND ND ND
Bromochloromethane 0.5 ND ND ND ND ND ND ND
Isopropylbenzene 0.5 ND ND ND ND ND ND ND
n-Propylbenzene 0.5 ND ND ND ND ND ND ND
1,3.5-Trimethylbenzene{ 0.5 ND ND ND ND ND ND ND
tent-Butylbenzene 05 ND ND ND ND ND ND ND
1,2,4-Trimethylbenzene{ 0.5 ND ND ND ND ND ND ND
sec-Butylbenzene 0.5 ND ND ND ND ND ND ND
p-Isopropyltoluens 0s ND ND ND ND ND ND ND
n-Butylbenzene 0.5 ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene | 0.5 ND ND ND ND ND ND ND
Naphthalene 0.5 ND ND ND ND ND ND ND
Hexachlorobutadiene 0.5 ND ND ND ND ND ND ND
1,2 3-Trichlorobenzene | 0.5 ND ND ND ND ND ND ND
Tribalomethanes
Chloroform 0.5 ND ND ND ND ND ND ND
Bromodichloromethane| 0.5 ND ND ND ND ND ND ND
Chlorodibromemethane| 0.5 ND ND ND ND ND ND ND
Bromoform 0.5 ND ND ND ND ND ND ND
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Table 3-12 (cont)
QT Qn QTt Qal Qal Qi QT
Detect. MW-TD MW.-3 MW-§ MW-98 MW.98 MW.9D MW.SD
COMPOUND Limit | MCL | 05/1993 11/17/92 05/1993 11/1792 05/19/93 11/17/92 05/19/93
Regulated Compounds|
Vinyl chlorids 1.0 2 ND ND ND ND ND ND ND
1,1-Dichloroethylens 05 7 ND ND ND ND ND ND ND
1,1,1-Trichloroethane 05 | 200 ND ND ND ND ND ND ND
Carbon tetrachloride 035 5 ND ND ND ND ND ND ND
Benzens 05 5 ND ND ND ND ND ND ND
1,2-Dichloroethans 0.5 5 ND ND ND ND ND ND ND
Trichloroethylene 0.5 5 ND ND ND ND ND ND ND
p-Dichlorobenzene 0.5 75 ND ND ND ND ND ND ND
Unregulated Compounds
Chloromethans 3.0 ND ND ND ND ND ND ND
Bromomethans 1.0 ND ND ND ND ND ND ND
Chloroethane 0.5 ND ND ND ND ND ND ND
Methyiene chloride 0.5 ND ND ND ND ND ND ND
t-1,2-Dichloroethylene | 0.5 0.1 ND ND ND ND ND ND ND
1,1-Dichloroethans 05 ND ND ND ND ND ND ND
2.2-Dichloropropane 0.5 ND ND ND ND ND ND ND
cis-1,2-Dichlorosthylend 0.5 0.07 ND ND ND ND ND ND ND
1,1-Dichloropropene 0.5 ND ND ND ND ND ND ND
1,2-Dichloropropane 0.5 | 0.005 ND ND ND ND ND ND ND
Dibromomethane 0.5 ND ND ND ND ND ND ND
Tolaene 0.5 1.0 ND ND ND ND ND ND ND
1,1,2-Trichloroethans 0.5 ND ND ND ND ND ND ND
Tetrachloroethylene 0.5 ND ND ND ND ND ND ND
1,3-Dichloropropane 0.5 ND ND ND ND ND ND ND
Chlorobenzene 0.5 ND ND ND ND ND ND ND
1,1,1,2- Tetrachloroetharg 0.5 ND ND ND ND ND ND ND
Ethylbenzene 0.5 0.7 ND ND ND ND ND ND ND
Total Xylene 0.5 10.0 ND ND ND ND ND ND ND
Styrens 05 0.1 ND ND ND ND ND ND ND
Bromobenzene 05 ND ND ND ND ND ND ND
1,2,3-Trichloropropane | 0.5 ND ND ND ND ND ND ND
1,1,2.2-Tetrachloroethay 0.5 ND ND ND ND ND ND ND
o-Chlorotoluene 0.5 ND ND ND ND ND ND ND
p-Chlorotoluene 0.5 ND ND ND ND ND ND ND
m-Dichlorobenzens 0.5 ND ND ND ND ND ND ND
o-Dichlorobenzene 0.5 0.6 ND ND ND ND ND ND ND
t-1,3-Dichloropropens | 0.5 ND ND ND ND ND ND ND
¢-1,3-Dichleropropens | 0.5 ND ND ND ND ND ND ND
Dichlorodifluoromethan] 3.0 ND ND 7.3 ND 83 ND ND
Trichlorofleoromethane| 1.0 ND ND ND ND ND ND ND
Bromochloromethane 0.5 ND ND ND ND ND ND ND
Isopropylbenzene 0.5 ND ND ND ND ND ND ND
n-Propylbenzens 0.5 ND ND ND ND ND ND ND
1,3,5-Trimethylbenzene| 0.5 ND ND ND ND ND ND ND
tert-Butylbenzene 05 ND ND ND ND ND ND ND
1,2.4-Trimethylbenzene| 0.5 ND ND ND ND ND ND ND
sec-Butylbenzene 0.5 ND ND ND ND ND ND ND
p-Isopropyltoluene 0.5 ND ND ND ND ND ND ND
n-Butylbenzene 0.5 ND ND ND ND ND ND ND
1,2 4-Trichlorobenzene | 0.5 ND ND ND ND ND ND ND
Naphthalene 0.5 ND ND ND ND ND ND ND
Hexachlorobutadiene 0.5 ND ND ND ND ND ND ND
1,23-Trichlorobenzene | 0.5 ND ND ND ND ND ND ND
Tribalomethanes
Chloroform 0.5 ND ND ND ND ND ND ND
Bromodichloromethane| 0.5 ND ND ND ND ND ND ND
Chlorodibromomethane| 0.5 ND ND ND ND ND ND ND
Bromoform 0.5 ND ND ND ND ND ND ND
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Tabila 3-12 {cont)
Qm qh q qmt qm qrt Qm Qal
Detect. FELTER BENNETIT { BENNEIT | BENNETT BENNETT BEN. dup GRIMM#1 GRIMM#2

COMPOUND Limit { MCL | 11/19892 11/19/92 02,2593 04/15/93 05/26/93 05/26/93 030193 030193
Regulated Compounds|
Vinyl chlorids 1.0 2 ND ND ND ND
1.1-Dichlomethylens 0.5 7 0.5 trace trace ND
1.1.1-Trichloroethane 05 | 200 0.5 0.7 0.7
Carbon tetrachlonids 05 5 ND
Benzene 0.5 5 ND
1,2-Dichlorocthane 05 5 ND
Trichloroethylene 05 5 24
p-Dichlorobenzene 0.5 75 ND
Unregulated Compounds
Chloromethane 3.0 ND
Bromomethane 1.0 ND
Chioroethane 0.5 ND
Methytene chloride 0.5 0.6
t-1,2-Dichloroethylene | 0.5 0.1
1,1-Dichloroethane 0.5

2,2-Dichloropropane 05
cis-12-Dichloroethylend 05 0.07
1.1-Dichloropropene 0.5
1,2-Dichloropropane 05 | 0,005
Dibromomethane 0.5
Toluene 0.5 1.0
1,1,2-Trichloroethane 05
Tetrachloroethylens 0.5
1,3-Dichloropropane 0.5

Chiorobenzene 05
1,1,12-Tetrachloroetha] 0.5
Ethyibenzene 05 0.7
Total Xylene 05 | 100
Styrens 035 0.1
Bromobenzens 0.5
1,2.3-Trichloropropane | 0.5
1.1.22-Tetrachloroethan 0.5
o-Chlorotoluene 0.5
p-Chlorotoivene 0.5

m-Dichlorobenzene 05
o-Dichlorobenzene 0.5 0.6
t-1,3-Dichloropropens 0.5
¢-1,3-Dichleropropens § 0.5
Dichlorodifluoromethary 3.0
Trichlorofleoromethane{ 1.0
Bromochloromethane 0.5

Isopropylbenzene 0.5
n-Propylbenzene 0.5
1.3.5-Trimethylbenzene{ 035
tert-Butylbenzene 0.5
1,2.4-Trimethylbenzeney 0.5
sec-Butylbenzene 0.5
p-Isopropyltoluens 0.5
n-Butyibenzene 0.5
1,2,4-Trichlorobenzens | 0.5
Naphthalene 05

Hexachlorobutadiene 0.5
1.2.3-Trichlorobenzene { 0.5
Tribalomethanes
Chloroform 0.5
Bromodichloromethane| 0.5
Chlorodibromomethans| 0.5
Bromoform 0.5
NOTES:

ND means none detected at or above the detoction limit.

MCL - Maximum Contaminant Level

Resuits exprezsed as pg/L unless otherwise noted,

Compieted Aquifers include: Qal - Shallow Alluvial Aquifer; QTt - Upper Troutdale (regional supply aquifer)
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Table 3-13
Inorganic Chemistry

l Qul Qal Qal | Qal | Qn QT QT qit | Qn | Qa Qal Qal

DETECT| EPA MW-15 | MW-18 | MW-1§ | MW-1S| MW-1D | MW-1D | MW-1D | MW-1D -1Dd | MW-35 | MW-38 MW-35
ANALYSIS LIMIT | LIMIT 07/16/92 | 11/19/92 | 02/08/93 | 5/19/93 | 07/16/82 { 11/1%/92 | 02/08/93 5/19/¢3 | 5/19/93 | 11/18/92 | 02/08/93 5/19/93
Dissolved Arsenic 0.005 0.050 ND ND ND ND ND ND ND
Dissolved Barium 0.005 1.0 0.019 0.018 0.054 0.039 0.039 0.010 0.010
Dissolved Cadmium 0.001 0.010 ND ND ND ND ND ND ND
Dissclved Chromium 0.001 0.050 0.007 0.021 0.017 0.022 0.006 ND ND ND 0.001 ND ND 0.002
Dissolved Iron 0.05 0.3 ND ND ND ND 0.08 ND ND
Dissolved Lead 0.001 = ND ND ND ND 0.006 ND 0.001
Dissolved Manganese 001 (.050 0.16 0.4 086 0.67 0.67 0.06 0.01
Dissolved Mercary 0.0005 0.002 ND ND ND ND ND ND ND
Dissolved Selenium 0.0056 0.010 ND ND ND ND ND ND ND
Dissolved Silver 0.001 0.060 ND ND ND ND ND ND ND
Dissolved Sedinm 0.1 - 10 11 13 75 74 7 6.5
Hardness ~an 250 160 170 110 130 130 92 97
Conductivity (umhos/cm) 05 700 320 310 260 240 240 200 190
Turbidity (N.T.U) 0.05 0.5-1.0 9.4 0.3 94 0.8 0.6 2.2 0.25
Color (C.U)) & 15.0 5 ND B ND ND ND ND
Fluoride 0.2 4 ND ND ND ND ND ND ND
Nitrate 0.1 10.0 2.0 18 1.6 0.5 0.4 0.39 .39 2.0 2.2 2.5
Chloride 0.2 250 3.5 29 3.3 3.5 34 2.1 26
Sulfate 0.5 250 4.6 4.6 4.2 4.7 4.7 b.5 B.6
Dissolved Calcium 0.1 - 31 34 30 34 a5 20 21
Dissolved Magnesium 0.05 -— 20 22 83 10 10 10 i1
Dissolved Copper 0.05 bad ND ND ND ND ND ND ND
Dissolved Zinc 0.05 5.0 ND ND ND ND ND ND ND
pHBE.U) —- 6.5-8.6 6.21 6.74 7.06 7.36 744 6.66 6.97
Total Dissolved Solids 1 —.—- 198 239 189 194 202 189 178
Dissolved Potassium 0.5 J— 29 3.0 3z 3.0 3.0 2.7 3.0
Dissolved Si02 1 ——- 49 58 28 3s 39 43 53
Alkalinity 1 - 174 160 113 120 120 83 82
Total Coliform 6 <1 TNTC <1 <1 TINTC TNTC <1 <1
Fecal Coliform <1 ND <1 ND ND <1 <1

Results expressed as mg/L, unless otherwise noted.
ND means none detected at or above the detection limit listed.
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__E'; Table 3-13 {cont)
] Qal Qal Qal QTt QT QT QTt qQTe QTt QT Qal Qal Qal
') DETECT| EPA MW-58 | MW-58 ] MW.558 | MW-ED|MW-sDDwp | MW-5D { MW-5D}| MW-6 MW-6 MW-6 MW-78 | MW-78 |[MW-78
g‘ ANALYSIS LIMIT| LIMIT 11/19/92 | 02/08/93 { 5/19/93 |11/18/62} 11/18/92 | 02/08/93 | 5/19/93 | 11/18/92 | 02/08/93| 6/19/93 | 11/18/02 | 02/08/93 |5/19/93
3 | Dissolved Arsenic 0.005 0.050 ND ND ND ND ND ND ND ND ND
§ Dissolved Barium 0.0056 1.0 0.014 0.013 0.014 0.014 0.008 ND 0.002 0.020 0.022
5 ] Dissolved Cadmium 0.001 0.010 0.002 ND 0.001 0.001 ND ND ND ND ND
&' | pissolved Chromium 0.001 { 0.050 ND ND ND ND ND ND ND ND ND
g‘. Dissolved fron 0.08 0.3 ND 02 ND ND ND ND ND 2.8 6.1
& | Dissolved Lead 0.001 »” ND ND ND ND ND ND ND 0.002 ND
Dissolved Manganese 0.01 0.060 0.17 0.03 0.83 0.85 0.02 ND ND 0.66 0.67
Dissolved Mercury 0.0005 0.002 ND ND ND NB ND ND ND ND ND
Dissolved Seleninm 0.005 0.010 ND ND ND ND ND ND ND ND ND
Dissolved Silver 0.001 0.050 ND ND ND ND NI ND ND ND ND
Dissolved Sodium 01 - 8 8.4 8 8 78 . 6 5.9 8 8.2
Hardness - 260 130 130 120 120 130 70 75 130 160
Conductivity (umhos/cm) (133 700 270 270 260 276 240 160 140 280 280
Turbidity (N.T.U) 0.05 056-1.0 10.1 3.6 3.2 3.2 0.26 0.13 0.16 72 35
Color (C.U) B 15.0 b ND B ND ND ND ND b 60
Fluoride 0.2 4 ND ND 0.2 02 0.2 NI ND ND ND
Nitrate 0.1 10.0 4.2 3.7 3.3 12 13 1.2 1.2 0.6 0.6 0.6 ND ND ND
Chloride 02 250 5.1 4.9 33 33 35 1.9 2.1 6.1 6.5
Sulfate 0.6 2560 6.1 5.8 4.1 4.1 36 1.0 1.0 17 17.4
Dissolved Calcium 0.1 [ a3 36 30 30 31 16 16 29 36
Dissolved Magnesium 0.06 - 10 11 11 11 12 B.0 84 15 14
Dissolved Copper 0.05 b ND ND ND ND ND ND ND ND ND
Dissolved Zine 0.05 6.0 ND ND ND ND ND ND ND ND ND
pH(S.U.) —- 6.5-8.6 6.09 6.8 6.65 6.74 6.95 T7.24 7.1 6.82 7.25
Total Dissolved Solids 1 ——— 251 230 216 201 200 172 160 229 264
Dissolved Potassium 08 J— 3.0 3.0 2.8 28 3.0 2.3 2.0 31 4.0
Dissolved 8i02 1 ——— 45 54 44 44 56 43 63 46 61
Alkalinity 1 ——— 126 94 135 134 100 82 T4 144 130
Total Coliform <1 <i ABSENT| <1 <1 <1 ABSENT <1 <1 ND <1 a9 ND
Fecal Coliform <1 <l <1 <1 <1 <1 ND <1 <1 ND
Results expressed as mg/L unless otherwise noted. '
ND means none detected at or above the detection limit listed. o
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§ Table 3-13 (cont)

3 i QT QTt QT Qal Qal Qal QT QTt QTt

8 DETECT| EPA | MW.3D | MW-3D { MW-3D| MW-4S | MW-48 | MW.4S | MW4D | MwW4D | MW4D

§ ANALYSIS LIMIT | LIMIT | 11/18/92 | 02/08/93 | 5/19/93 | 11/17/92 | 02/08/93| 5/19/93 | 11/18/92 | 02/08/93 | 5/19/93

& Dissolved Arsenic | 0.005 0.050 ND ND ND ND 0.009 0.009

E_ Dissolved Barium | 0.006 1.0 0.010 0.009 0.009 0.01 0.014 0.017

§ Dissolved Cadmiug 0.001 | 0.010 | ND ND | 0004 ND | ND ND
Dissolved Chromiu] 0.001 0.060 ND ND 0.001 ND 0.002 ND ND
Dissolved Iron 0.05 0.3 ND ND ND ND ND 0.07
Dissolved Lead 0.001 **¥ ND ND ND 0.001 ND 0.001
Dissolved Mangand 0.01 0.050 ND ND 0.16 0.02 0.80 0.88
Dissolved Mercury] 0.0005| 0.002 ND ND ND ND ND ND
Dissolved Seleniun] 0.006 0.010 ND ND ND ND ND ND
Dissolved Silver 0.001 0.050 ND ND ND ND NI ND
Dissolved Sodium 0.1 - 8 6.4 7 7.5 6 6.9
Hardness - 250 130 130 69 85 120 120
Conductivity (umh 0.6 700 260 240 170 170 220 200
Turbidity (N.T.U) 0.05 (.56 -1.4 0.21 0.1 .62 040 0.68 0.3
Color (C.U.) ] 156.0 ND ND ND ND B ND
Fluoride 0.2 4 ND ND ND ND ND ND
Nitrate 0.1 10.0 1.1 1.0 1.1 3.2 3.2 3.2 ND ND ND
Chloride 0.2 250 29 3.1 5.3 6.4 24 28
Sulfate 05 250 2.7 23 7.1 7.9 4.7 4.1
Dissolved Calcium 0.1 - 35 37 16 18 a1 33
Dissolved Magnesi{ 0.05 - 9.9 9.9 7.7 9.4 2.3 9.6
Dissolved Copper 0.06 o ND ND NI ND ND ND
Dissolved Zinc 0.06 5.0 ND ND ND ND ND ND
pHE.U) 6.5-8.6 7.14 TAB 6.09 6.65 7.35 7.82
Total Dissolved Sol] 1 P 194 194 177 186 217 177
Dissolved Potassiu{ 0.6 — 2.6 3.0 2.3 3.0 256 3.0
Dissclved Si02 1 — 30 37 64 66 28 a6
Alkalinity 1 -—- 140 120 56 66 113 110
Total Cokiform <1 <1 <2 <1 <1 3
Fecal Coliform <1 ND <2 ND <} <1 ND

Results expressed as mg/L unless otherwise noted.
ND means none detected at or above the detection limit listed.
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O Table 3-13 (cont)
= [ QN | Q | Qe | Qi | Q€ | Qal | Qa | Qi | Qr | Qn | an
u DETECT| EPA | MW-7D ] MW.TD | MW-7D| MW.-8 MW-8 | MW-98 | MW-9S | MW-9D | MW-9D | FELTER BERNETT
§ ANALYSIS LIMIT { LIMIT } 11/18/92 | 02/08/93 | £/19/93 | 11/17/92 | 5/19/93 | 11/17/92 | 5/19/03 | 11/17/62 | 5/19/03 | 11/19/92 | 11/14/92
] Dissolved Arsenic | 0.005 0.050 ND ND ND ND ND ND ND ND ND 0.0056
§' Dissolved Barium | 0.006 1.0 0.018 0.019 0.008 0.0056 0.013 0.01 0.008 0.005 0.010 0.013
‘g. Dissolved Cadmiug 0.001 0.010 ND ND ND ND ND ND ND ND ND ND
3 Dissolved Chromiu| 0.001 0.050 ND ND ND ND ND ND ND ND ND ND
Dissolved Iron 0.05 0.3 ND 0.46 ND ND ND ND ND ND ND ND
Dissolved Lead 0.001 - ND 0.001 ND ND ND ND ND ND ND ND
Dissolved Mangand 0.01 0.050 0.06 0.11 ND ND 0.13 ND 0.02 0.01 20 0.0}
Dissolved Mercury| 0.0005( 0.002 ND ND ND ND ND ND ND ND ND ND
Dissolved Seleniun] 0.005 0.010 ND ND ND ND ND ND ND ND ND ND
Dissclved Silver 0.001 6.050 ND ND ND ND ND ND ND ND ND ND
Dissolved Sedium 0.1 - 7 74 7 7 7 6.8 8 6.8 7 6
Hardness - 250 110 120 91 88 100 110 89 100 140 100
Conductivity (umhg 0.5 700 240 220 190 180 210 220 180 200 290 220
Turbidity (N.T.U} 0,06 0.6 -1.0 0.684 2.2 0.90 0.2 0.42 0.26 0.650 0.26 0.58 140
Color (C.U.) b 15.0 ND ND ND ND ND ND ND ND 5 ND
Fluoride 0.2 4 0.2 02 ND ND ND ND ND ND 0.2 ND
Nitrate 0.1 10.0 28 23 2.36 09 0.38 0.6 047 0.7 0.64 ND 1.2
Chloride 0.2 250 6.0 5.1 5.0 6.7 3.4 34 26 2.9 2.3 3.3
Sulfate 0.6 260 6.1 5.6 5.4 6.3 11.2 11 b5 6.1 0.7 3.6
Dissolved Calcium| 0.1 e 27 a0 23 23 25 27 20 . 22 40 28
Dissolved Magnesiy 0.05 — 10 11 83 77 9.7 16 9.7 11 2.9 8.1
Dissolved Copper 0.05 - ND ND ND ND ND ND ND ND ND ND
Dissolved Zinc 0,05 8.0 ND ND ND ND ND ND ND ND ND 0.57
pH(S.U) e 6.5-8.6 6.80 1.2 6.54 7.06 6.65 7.09 7.00 1.56 T7.20 6.86
Total Dissolved Sol] 1 ——s 181 185 148 167 176 210 168 200 178 170
Dissolved Potassiuf 0.6 ——an 2.7 3.0 2.1 0.1 2.9 3.0 2.6 3.0 3.9 28
Dissolved Si02 1 -——- 39 49 33 40 45 b2 40 47 24 30
Alkalinity 1 - 112 96 80 7 93 82 856 79 170 144
Total Coliform T4 6 ND <2 ND <2 ABSENT <2 ABSENT <1 <1
Fecal Coliform <1 <1 ND <2 ND <2 <1 <2 <1 <1 <1 (w]
Results expressed as mg/L unless otherwise noted. 3
ND means ncne detected st or above the detection limit listed. "39
(=2
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Iron and manganese, which were frequently measured at levels in excess of
established MCLs, occur naturally in groundwater. Elevated levels of either
of these metals are not typically associated with human activities, and
therefore, cannot be addressed through wellhead protection. However, their
presence at such high levels (concentrations exceeded MCLs by more than an
order of magnitude at some locations) will most likely prohibit or limit the
development of additional water supplies unless treatment is provided.

Other Regulated Inorganics - Samples were analyzed for all other regulated
inorganics, and although none exceeded respective MCLs, a few sites had
slightly elevated levels of heavy metals. Those sites are listed below.

Sites with Elevated Levels of Regqulated Inorganic Parameters

Date Measured
Parameter Site Sampled Value Units MCL

Barium MW-1D 11/19/92 0.054 mg/L 2.0
_ MW-1D 5/19/93 0.39 " mg/L 2.0
Chromium s  MW-1S 11/19/92 0.021 . mgL 0.1
MW-18 5/19/93 0.022 mg/L 0.1

MW-1S 2/8/93 0.017 mg/L 0.1

Nitrate MW-58 11/19/929 42 mg/L (as N) 10.0

Barium is a naturally-occurring mineral which is abundant in igneous rock,
and also occurs in carbonate rocks (USGS, 1992). Although its primary
source is often associated with geologic formations, it can be introduced from
oil/gas drilling activities, or from paints and other industrial uses. It is
considered an undesirable water impurity and can impact the circulatory
system. Barium was historically regulated at 1 mg/L, however, the MCL was
increased to 2 mg/L: under Phase II of the SDWA (EPA, 1993).

Chromium is contributed to groundwater through contact with natural
mineral deposits. Other typical sources of chromium include the textile,
tanning, and leather industries. However, elevated levels of chromium in the
Focus Area are a result of a chromic acid release at the Boomsnub-Pacific
Northwest Plating facility. Well MW-1 lies 1,800 feet downgradient of this
facility. The historical MCL for chromium was 0.05 mg/L, based on health
effects associated with the digestive system, liver, kidney, and skin. This
MCL was increased to 0.1 mg/L under Phase II of the SDWA, Chromium has
been detected consistently at Well MW-1S at levels of approximately 0.2
mg/L, except for in a sample collected from this well in July 1992; the
chromium concentration for that sampling round was 0.007mg/L: (Table 3-
13).

Nitrate levels in excess of the 10 mg/L (as Nitrogen) MCL were measured in
18 of 4,200 private wells during a study conducted by CPU during the spring
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of 1990. Nitrate is regulated since ingestion can result in
methemoglobinemia, or "blue-baby” syndrome. Sources of nitrate include
fertilizers, feedlots, sewage, and natural mineral deposits. Although nitrate
levels between 2.0 and 3.0 mg/L were measured at many of the monitoring
wells during the past three sampling rounds, the highest level measured was
4.2 mg/l, at MW-5S. This site is not located adjacent to sites with historically
high nitrate levels (Exhibit 3-16); however, water quality should continue to
be monitored at this site to determine if an increasing or decreasing trend in
pitrate levels is present.

Except for in samples from the Well MW-7 and MW-9 sites, nitrate
concentrations are substantially higher in groundwater samples from the
shallow monitoring well completions than in samples from the deep
completions, as the following data indicate.

Nitrate
Concentration in Nitrate Concentration
Well Site Date Shallow Completion in Deep Completion

MW-1 - 11/19/92 2.0 0.5

02/08/93 1.8 04

05/19/93 1.6 0.39
MW-3 11/18/92 2.0 1.1

02/08/93 2.2 1.0

05/19/93 2.5 1.1
MW-4 11/17/92 3.2 ND

02/08/93 3.2 ND

05/19/93 3.2 ND
MW-5 11/19/92 4.2 1.2

02/08/93 3.6 1.2

05/20/93 3.3 1.2
MW-7 11/18/93 ND 2.8

02/08/93 ND 23

06/19/93 ND 2.36
MW-9 11/17/93 0.6 0.7

05/19/93 0.47 0.64

Bacteria - Coliform levels were measured in the monitoring wells to provide a
basis for evaluating biological water quality and susceptibility to
contamination in both the upper and regional aquifers. Total coliforms,
including fecal coliforms, are not usually pathogenic. However, their
presence indicates that conditions are suitable for the survival of other
pathogenic organisms, which if introduced to the subsurface environment,
could contribute to an outbreak of water-borne disease.

Five wells at three different sites contained measurable colonies of total
coliform bacteria. Wells were sampled for total coliform bacteria in
November 1992, and in February and May, 1993 (Table 3-13). Except for in
samples from wells listed below, total coliform bacteria were not detected.
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Bacteriological MCL Exceedance

Date Measured
Parameter Site Sampled Value Units MCL
Total MW-18 11/19/92 6 CFU/100 1
Coliform mL
MW-1S 5/19/93 TNTC CFU/100 mL 1
MW-1D 5/19/93 TNTC CFU/100 mL 1
MW-4D 2/8/93 3 CFU/100 mL 1
MW-75 2/8/93 39 CFU/100 mL 1
MW-7D 11/18/92 74 CFU/100 mL 1
MW-7D 2/8/93 6 CFU/100 mL 1

Samples collected from both aquifers at MW-1 contained colonies that were
too numerous to count (TNTC) in May 1993. A duplicate sample was
collected from MW-1D, and sample results were also TNTC. No fecal
coliform has been detected at any of the sites to-date, and coliform bacteria
were not detected previously in either MW-1S or MW-1D, except for in Well
No. MW-1S in November 1992.

Additional positive results were observed from both aquifer zones at Well No.
MW-7 in February 1993, and also in MW-7D in November 1992. Since
coliform bacteria were detected at MW-7D during two separate sampling
events, it is likely that a source of contamination is present and that
conditions are conducive to sustaining a bacteriological population. Nitrate
levels are also slightly elevated at this site (approximately 2.3 mg/L),
suggesting that a microbiological nutrient source may be present. Because
fecal coliform have not been detected at this site, it is unlikely that
contamination is a result of septic tank or sewer line leakage.

Further monitoring for fecal coliform is not recommended because these data
are not considered to be of value for wellhead protection. Water from the
monitoring wells is not disinfected as is water from CPU’'s supply wells;
these data are therefore not comparable.

Unregulated Inorganics

Additional inorganic parameters were measured at each sampling site so
that the aquifers could be characterized according to aquifer geochemistry.
Various graphical methods can be used to visually present water chemistry
data. Trilinear diagrams, developed for groundwater characterization by
Piper (1944) and Hill (1940), can be used to classify water types by the
relative levels of major ion species present in the groundwater. Trilinear
diagrams permit the cation and anion compositions of many samples to be
represented on a single graph in which major groupings or trends in the data
can be discerned visually (Freeze and Cherry, 1979). Furthermore, water
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types can be djstinguishéd on the basis of ion percentages and can be easily
interpreted from trilinear diagrams. Exhibit 3-17 shows the relationship
between water type designations and major ion percentages.

Exhibit 3-18 shows the cation and anion composition (by percentage) for each
sampling location. The diagram suggests that the two aquifers are similar in
chemical composition and no major trends exist between the upper
(Pleistocene Deposits) and regional (Upper Troutdale) aquifers. All of the
water samples would be classified as having no singularly dominant cation
species, although calcium and magnesium levels are present at high enough
levels to impart a moderate degree of hardness to the water. The bicarbonate
domain strongly dominates the anions present in the water, resulting in a
moderate to high level of alkalinity.

Although the parameters monitored for aquifer characterization are not
typically associated with anthropogenic impacts on water quality, trilinear
diagrams can be used to map regional water quality characteristics, and can
be especially useful for documenting trends or for predicting the result of
mixing two waters. Consistency of water chemistry can be observed over
time, with natural changes in water levels, or as a result of human activities.

Regulated and Unregulated VOCs

VOCs are regulated under the SDWA. Long-term monitoring for VOCs may
provide an early warning that contaminants are migrating toward a
production well. Investigations to define contaminant plumes located
downgradient of the Airco facility on N. E. 78th Street are currently
underway.

VOC samples were collected from each monitoring well and from three
existing private wells to assess current water quality conditions.
Trichloroethane and trichlorethylene were most frequently detected, and
trichloroethylene concentrations exceeded the established MCL of 5.0 /L at
site MW-1D during repeated sampling events. IExhibit 3-19 shows the
locations of sites with detectable levels of VOCs.

Most of the documented VOC contamination has occurred at Well MW-1 (in
both the shallow and deep installations) and the Bennett domestic well.
These wells are located within one-half mile (downgradient) of the Airco
facility. Results of analyses for trichloroethylene indicate that contamination
from human activities has rendered the groundwater in the vicinity of these
wells unfit for human consumption. Although other contaminants have been
detected, levels were below their respective MCLs. CPU supply Wells 5, 7,
16, and 23 are located hydraulically down-gradient of MW-1 and the Airco
facility.
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Classification diagram for anion and cation facies
in terms of major-ion percentages. Water types are
designated according to the domain in which they
occur on the diagram segments (after Morgan and
Winner, 1962; and Back, 1966).
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Summary Trilitnear Dlagram for All Monitoring Well Locatlons
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At both MW-1S and MW-1D, as well as at the Bennett Well 1,1,1-
Trichloroethane was detected. At the Bennett Well 1,1-Dichloroethylene was
detected, but only on one sampling occasion. Both of these contaminants
were also found during the investigation of the Airco facility. All three
contaminants have MCLs, indicating that they have adverse health effects.

Methylene chloride was detected at the Bennett Well during two sampling

~events. This compound is widely used as an organic extractant and in

plastics manufacturing. Methylene chloride was not detected in samples
collected as part of the Airco investigation, and additional monitoring should
be conducted to determine if the source of the contamination is persistent.
Analysis of QA/QC data indicates that methylene chloride contamination was
not present in the laboratory during analysis.

Dichlorodifluoromethane was detected at two wells, MW-5D and MW-9S.
This compound was not analyzed for in previous investigations.
Dichlordifluoromethane has many synonyms, including Freon 12. It is
commonly used as a refrigerant, aerosol propellant, solvent, and as a leak-
detection agent (Montgomery and Welkom, 1991). It is unlikely that
detection in both monitoring wells is related to a sole source of contamination
since the wells are not completed in the same aquifer, and data does not
indicate a hydraulic connection between the two wells. Although the
contamination was detected in samples collected on the same day, QA/QC
results indicate that laboratory contamination did not occur. The
contamination detected in these Wells MW-5D and MW-9S may, therefore, be
related to sampling equipment used in the field. Future monitoring at these
sites will provide additional information regarding the likelihood of actual
aquifer contamination.

Conclusions

A wide variety of data has been collected to-date, providing a profile of water
quality conditions in both the Pleistocene Alluvial and Upper Troutdale
Aquifers. The data have been reviewed and evaluated according to
standards applied to drinking water under the SDWA. These standards were
used as guidelines, since one goal of the WHPP is to identify the presence of
compounds posing a threat to water supply wells before they are impacted by
contamination. Excessive levels of compounds or trends in contaminant
concentration may provide an advance warning that drinking water quality
may be impacted in the future.

In general, the data collected during the first three monitoring rounds
indicate that: 1) water quality has not been significantly impacted by
inorganics; and 2) VOC contamination, particularly in the vicinity of the
Boomsnub-Airco sites, is a significant issue which should be continue to be
addressed in future monitoring efforts.
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The probable source of VOC contamination (Airco) and the source of
chromium contamination (Boomsnub) have been identified, and
investigations to characterize the plumes associated with each site are
ongoing. Although chromium was detected at MW-18S, levels were well below
the established MCL of 0.1 mg/L. Of primary concern is the VOC
contaminant plume because it lies hydraulically upgradient of CPU Zone 2
production Well Nos. 5, 7, and 23. A Work Plan is currently in progress to
address these concerns. One or more monitoring wells will be constructed
and screened in the Upper Troutdale, and will be located between the
Boomsnub-Airco sites and CPU MW-1. Additional sampling of such wells
should be beneficial for tracking the extent of contamination and to
determine the threat to CPU production wells. Additional information
regarding contamination at the Boomsnub and Airco sites is provided in
Section 4.

Water quality data collected during the past three sampling rounds suggests
that additional sources of known and potential groundwater contamination
are not currently impacting water quality. An in-depth discussion of
contamination sources is provided in the following section.
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Section 4
Inventory of Contamination Sources

4.1 Introduction

An integral part of establishing an effective Well Head Protection Plan (WHPP) is
the assessment of existing land use data. Land use and zoning in the Focus Area
are under the jurisdiction of the Clark County (County) Planning Department.
Currently, there are large areas zoned as single family residential throughout the
Well Head Plan (WHP) Focus Area, with multi-family residential units found
primarily along major transportation routes (Exhibit 4-1). The majority of
commercial land use activity is found along the Interstate 5, and the Highway 99
corridor in the Hazel Dell area. The northeastern portion of the service area is
rural in nature and is comprised of agricultural land uses such as dairy and cattle
farms. '

Data concerning potential and known sources of contamination based on land use
activities in the WHPP Focus Area were evaluated to determine their completeness,
accuracy, and accessibility. Agencies and organizations that maintain information
useful to the project were contacted. The purpose of the data review was to
evaluate results from the various sources, combine results into one report, and
develop an overall assessment of risk resulting from potential and known
contamination sources.

4.2 Potential Sources of Contamination

Potential groundwater contamination sources associated with the various land use
categories found in the WHP focus area include solid waste facilities, surface runoff
and storm drainage, commercial and industrial activity, underground storage
tanks, septic systems, and pesticide use. The occurrence of each of these land use
activities and a discussion of their potential impact on groundwater quality is
discussed below.

4.2.1 Data Sources

Several contaminant databases were obtained in order to determine the risk
of aquifer contamination, in the event that a chemical release should occur.
Data pertaining to the location of underground storage tanks (USTs); sewer
lines; and facilities which use, generate, or store waste have been included in
this review. Databases regarding potential sources of contamination were
obtained from existing files on the County's GIS service center, as well as
directly from Washington State Department of Ecology (Ecology).
Additionally, a "windshield survey” was previously performed as part of an
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Aquifer Protection Strategy for Clark Public Utilities (CPU) and the Hazel
Dell Sewer District (Economic and Engineering Services, Inc. (EES) and
Pacific Groundwater Group (PGG), 1989). A summary of all County and
Ecology databases which were reviewed are summarized below.

Washington State Department of Ecology

Listing of Underground Storage Tanks. This listing includes the age,
volume, status, and contents of underground storage tanks reported in
Washington State.

U.S. Environmental Protection Agency (EPA)

Superfund Amendments and Re-authorization Act of 1986 (SARA) Title IIT
Facilities, Tier Two Reporters. This list contains the name, address, and
facility identification number of owner/operators who have submitted a Tier
Two form. The owner/operator of a facility where chemicals are present in
quantities greater than threshold levels is required to submit a completed
Tier I Emergency and Hazardous Chemical Inventory Form (Tier One)
annually. Under certain conditions, the Tier Two form may be submitted in
lieu of Tier One. The Tier Two form requires more specific information about
chemicals and their location within the facility, including the types and
conditions of storage. Submittal of a Tier Two form does not imply that an
unauthorized release of hazardous material has occurred at the site.

“Windshield Survey,” EES and PGG, 1989.

Over 200 sites were identified within the Focus Area which could potentially
release contaminants to the groundwater system. Sites were identified
which most likely used, stored, or transported chemicals or wastes.

Washington State Department of Ecology

State of Washington Solid Waste Facility Handbook, 1993. A comprehensive
list of solid waste handling facilities that require permitting. There are 459
regulated facilities classified by type of waste received.

U.S. Environmental Protection Agency Region 10

Survey of Pesticides Used in Selected Areas Having Vulnerable
Groundwaters in Washington State, 1987. This study evaluates the potential
for groundwater contamination from normal, commercial agricultural use of
leachable pesticides.

Clark Public Utility Sewer Lines.

This database was provided by the County for use in WHPP study. It
contains the location of sewer lines within CP1U’s service area.
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Databases a - d are rosters of sites located within the Focus Area which have
tanks or handle chemicals and/or hazardous materials on-site. The listing of
a particular site in any of these databases does not necessarily imply that a
spill has occurred or that there exists an immediate threat to human health
or the environment. These databases should serve only as references for
potential sources of contamination, not as site identifiers where any
intentional or unintentional contamination has occurred.

4.2.2 Potential Contaminant Sources
Pesticides and Fertilizers

Both agricultural lands and residential areas can serve as sources of
chemical contamination to groundwater. Fertilizers are a source of nitrates,
and pesticides and herbicides may be toxic and may have a tendency to bio-
accumulate. In addition, their general persistence in the environment causes
these compounds to be of particular importance when addressing wellhead
protection issues.

Various studies have been conducted by the United States Environmental
Protection Agency (EPA) to determine the impact of pesticide use on
groundwater quality. These studies include: “Survey of Pesticides Used in
Selected Areas Having Vulnerable Groundwaters in Washington State” (EPA
910/9-87-169) and the “National Pesticide Survey - Phases I and " (EPA
579/09-91-020). The intent of these reports was to evaluate the potential for
groundwater contamination from the commercial or agricultural use of
pesticides, and to determine the frequency and concentration of pesticides in
drinking water wells.

Groundwater contamination from pesticides and fertilizers is a function of
interacting chemical, physical, and biological processes including:

Q Sensitivity of groundwater to contamination,

Q Use of fertilizers and pesticides,

O Precipitation and irrigation,

0 Chemical characteristics of pesticides,

Q Age, depth, and construction of drinking water wells, and
O Location of drinking water wells.

The complexity of these interactions may limit the effectiveness of predictive
modeis, however, in the absence of detailed pesticide application data and
monitoring results, the information obtained from other studies can serve as
a first step toward assessing the potential for contamination in Clark County.

Pesticide use in the County was quantified according to vulnerable
groundwater areas. The WHPP Focus Area is encompassed in what was
designated as Area A in the Pesticide Survey (Exhibit 4-2). Acreage of crops
and associated pesticides in Area A are listed in Table 4-1.
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It should be noted that it was not possible to determine which crops were
actually situated in the WHP Focus Area versus some other portion of Area
A. However, the Pesticide Survey does provide specific data on actual
chemicals that are used within the County.

Tabie 4-1
Actual Chemicals Used in Clark County
- Crop Average Pesticides Used (# Indicates Annual
Acres Application)
Alfalfa 1,892 Diuron, Pronamide, Simazine
Apples and Pears 110 Dinoseb, Diuron, Fenamiphos, Oxamyl, Pronamide,
#Simazine, Terbacil
Barley 2783 Dicamba, Dinoseb
Blueberries 5 Diuron, #Simazine, Terbacil
Cranberries 420 #Dinoseb, Diphenamide, Diuron, Fenamiphos,
Methomyl, #Simazine
Corn 390 #Atrazine, Dinoseb
Corn Silage 50 #Atrazine, Dinoseb
Filberts 85__ Diuron, Simazine
Grapes 10 Diuron, #Simazine
Grass 14,880 Dicamba
Lettuce 200 Methomyl
Mint 50 Diuron, Methomyl, Terbacil
Potatoes 10 Dinoseb
Stone Fruits 50__Pronamide, Simazine
Strawberries 189 Carbofuran, #Diphenamide, #Simazine, Terbacil
Sweet Corn 600 #Atrazine, Dinoseb
Tress and Shrubs 75 Pronamide
Walnuts 20 Diuron, Simazine
Wheat 1,221 Dicamea, Diuron
Christmas Trees 40 #Pronamide

Total Acres 43,760

Of the eleven pesticides used on an annual or occasional basis, six are
regulated under the Safe Drinking Water Act (SDWA). Each regulated
pesticide has been classified as "leachable” and many have been assigned
Maximum Contaminant Levels (MCLs) due to health effects. Regulated
pesticides used in the County are listed in Table 4-2 below.

Table 4-2
Requlated Pesticides in Use in Clark County
Generic Name Trade Name SDWA Regulation MCL (mg/L)

Simazine Prinup Phase V 0.004

Dinoseb Enide Phase V ¢.007

Oxamyl Vydate Phase V 0.2

Dicamba Banuel Phase I Monitoring Only
Methomyl Lannite, Nudin Phase I Monitoring Only
Atrazine Aatrex Phase II 0.003
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Of the six regulated pesticides used within the western portion of Clark
County, Dicamba, Methomyl, and Simazine were listed as the most
frequently used. Although these chemicals were not monitored as part of the
initial wellhead protection program, they could be included in future or long-
term monitoring programs.

Solid Waste Facllities

The Ecology Facility Handbook defines a landfill as a "disposal facility or
part of a facility at which solid waste is permanently placed in or on land and
which is not a land treatment facility.” Landfills in Washington State have
been separated into five types of facilities. The number of each type of
facility in Clark County is listed in Table 4-3 below.

Table 4-3
Landfill Facilities
Landfill Type Number
Municipal solid waste ash monofills
Inert/demolition landfills
Limited purpose landfills

Municipal solid waste landfills
Woodwaste landfills

O =W N D

Each type of landfill can act as a threat to groundwater quality should
leachate escape from the installed collection system and migrate to the water
table.

Interim or intermediate facilities handle waste prior to final disposal in a
landfill or prior to incineration. These facilities include storage areas,
transfer stations, and processing centers. Other/ancillary facilities for waste
handling include composting facilities, land spreading sites, sludge sites,
septage facilities, and incinerators. None of these facilities are currently
registered in Clark County.

The EPA Office of Technology Assessment (OTA) has developed a
classification system for categorizing various sources of groundwater
contamination. Table 4-4 lists the categories included in the OTA system,
and Table 4-5 lists the indicator parameters which may be associated with
contamination from solid waste facilities. A complete list of solid waste
facilities identified in Clark County is provided in Appendix F. The sites
which are located within the WHPP Focus Area are presented in Exhibit 4-3.
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Table 4-4
Potential Sources Listing by Type

Category | - Sources designed to
discharge substances
Subsurface percolation (e.g., septic tanks
and cesspools)
Injection wells
Hazardous waste
Non-hazardous waste (e.g., brine
disposal and drainage)
Non-waste (e.g., enhanced recovery,
artificial recharge solution mining, and
in-gitu mining)
Land application
Waste water (e.g., spray irrigation)
Wastewater byproducts (e.g., sludge)
Hazardous waste
Non-hazardous waste
Category Il - Sources designed to store,
treat, and/or dispose of substances;
discharge through unplanned release
Landfills
Industrial hazardous waste
Industrial non-hazardous waste
Municipal sanitary
Open dumps, including illegal dumping(waste)
Residential (or local) disposal (waste)
Surface impoundments
Hazardous waste
Non-hazardous waste
Waste tailings
Waste piles
Hazardous waste
Non-hazardous waste
Materials stockpiles (non-waste)
Graveyards
Animal burial
Aboveground storage tanks
Hazardous waste
Non-hazardous waste
Non-waste
Underground storage tanks
Hazardous waste
Non-hazardous waste
Non-waste
Containers
Hazardous waste
Non-hazardous waste
Non-waste
Open burning sites
Detonation sites
Radioactive disposal sites

Category Il - Sources designed to retain
sub-stances during transport or
transmission
Pipelines

Hazardous waste

Non-hazardous waste

Non-waste

Category IV - Sources discharging
substances as a consequence of other
planned activities
Irrigation practices {(e.g., return flow)
Pesticide applications
Fertilizer applications
Animal feeding operations
De-icing salts applications
Urban run-off : ‘
Percolation of atmospheric pollutants
Mining and mine drainage

Surface mine - related

Underground mine - related
Category V - Sources providing conduit
or inducing discharge through altered
flow patterns
Production wells

Oil (and gas) wells

Geothermal and heat recovery wells

Water supply wells
Other wells (non-waste)

Monitoring wells

Exploration wells
Construction excavation
Category VI - Naturally occurring sources
whose discharge Is created and/or
exacerbated by human activity
Groundwater - surface water interactions
Natural leaching
Saltwater intrusion/brackish water
upconing (or intrusion of other poor-quality
natural water)

Source: United States Environmenial
Protection Agency. 1989,

Wellhead Protection Programs: Tools for
Local Governments. EPA 440/ 6-89-002

Inventory of Contamination Sources

4-8



December 30, 1994

Table 4-5
Land Use and Water Quality Indicator Parameters
OTA Categories Indicator Parameters
Category II
Landfills
Industrial Hazardous Waste Hazardous Waste List:
Copper, Zinc, Cadmium, Aceton,, Ketone,
Phthalate ester Conductivity, pH, Hardness
Industrial Non-Haz. Waste Iron, Chloride, Sulfate, Conductivity, pH
Municipal Sanitary Nitrate-Nitrite, Conductivity, pH
Open Dumps
Residential Disposal
Surface Impoundment
Hazardous Waste Hazardous Waste List
Marcury, Conductivity, pH
Nen-Hazardous Waste Iron, Chioride, Sulfate, Nitrate-Nitrite
‘Waste Tailings
Waste Piles
Hazardous Waste Hazardous Waste List
Mercury, Conductivity, pH
Non-Hazardous Waste Iron, Chloride, Sulfate Nitrate-Nitrite,

Conductivity, pH

Commercial and Industrial Activity

A field survey to identify businesses which could potentially contribute
contaminants to the groundwater was performed as part of an Aquifer
Protection Strategy for the Salmon Creek Basin (EES and PGG 1989). This
survey identified 250 business that may potentially use, store or generate
contaminants including: dry cleaners, gas stations and other fuel storage
tanks, and auto repair shops. Appendix A lists the businesses located in the
Focus Area. These sites are also displayed in Exhibit 3-2 of the previous
section. The majority are located along the Interstate 5 corridor and St.
Johns Road. Wastes generated at these businesses could include heavy
metals, cleaning solvents and other organic materials, and petroleum
products. The wastes could potentially enter the groundwater through
inadequate disposal practices or accidental spills. Volatile organic chemicals
(VOCs) have low viscosity and high vapor pressure and can therefore move
rapidly through the aquifer and unsaturated zones.  Halogenated
hydrocarbons may be the most commonly found contaminants in areas of
commercial and industrial activity. Metals, including cadmium, lead,
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chromium, and mercury, could be introduced through wood treatment
chemicals, acidic wastes, or plating solutions. Exhibit 4-4 outlines the
number of businesses identified within the Focus Area and typical indicator
parameters associated with general business practices.

Underground Storage Tanks

An inventory of underground storage tanks in the County is on file with
Ecology and has been obtained by the Intergovernmental Resource Center
(IRC). The locations of these tanks are displayed in Exhibit 4-5. Because of
the large number of these stations, the high probability of at least a minor
leakage, and the potential adverse impact of their contents, USTs are of
concern to groundwater quality. USTs generally contain petroleum products
(hydrocarbons) which typically have low solubility in water (as free product);
however, they may accumulate as a film on the water table surface if
sufficient quantities enter the groundwater. Transport by groundwater is
expected to be low, whereas individual compounds such as benzene or
toluene are much more soluble and mobile. Nevertheless, there may be other
substances contained in underground storage tanks which may be of concern.
VOCs, ethylene dibromide, ethylene dichloride, benzene, toluene, and lead
may be dissolved in the petroleum products as. impurities or occur as
contaminants in petroleum products, and can be mobile in the groundwater
system.

USTs have been identified within the one-year time-of-travel for CPU Well
Nos. 4, 5, 7, and 16 (Exhibit 4-5). Well Nos. 4, 5, and 7 are completed in the
Upper Troutdale Aquifer and are screened at depths between 200 - 300 feet
below ground surface. Average depth to water in the Upper Troutdale is
approximately 90 feet. Well No. 16 is completed in the Lower Troutdale
approximately 500 feet below ground surface. It is likely that Well Nos. 5
and 7 are the most susceptible to any potential underground storage tank
failure, since the wells are down gradient of the estimated tank locations.
However, the depth of the wells and the confined to semi-confined conditions
of the Upper Troutdale may reduce the potential for contamination of these
wells. The majority of USTs are located along the Interstate 5 corridor, in
areas with commercial and industrial zonings.

Septic Tanks

The main sewer district in the Focus Area is the Hazel Dell Sewer District,
however, the City of Battleground to the north and Vancouver to the south
also provide sanitary sewer service. The remainder of the area is served by
on-site sewage systems. The parameters of interest would include pathogenic
organisms, toxic substances, and nitrogen compounds. Ammonia and nitrate
nitrogen are highly soluble in water and can be expected in detectable
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quantities wherever portions of the aquifer are affected by septic system
discharges. Suspended solids in sewage, including coliform bacteria, are
easily filtered by soil and would not be transported significant distances from
the drain field. However, improperly abandoned wells may provide direct
entrance of sewage into the aquifer.

Historical nitrate data collected by CPU (1988) was reviewed and sites where
nitrate levels exceeded 5 mg/L (as N) were plotted in conjunction with
existing sewer lines in the Focus Area (Exhibit 3-16 from the previous
section). This figure clearly demonstrates that elevated nitrate levels do not
typically occur in sewered areas. All locations where levels exceeded the
nitrate MCL of 10 mg/L (as N) were situated in non-sewered areas, or areas
primarily relying on septic systems.

Nitrate levels measured during the first three monitoring rounds of the
WHPP were below 5 mg/Li (as N) in all samples. The location of the
monitoring wells versus historically high nitrate levels can be seen in Exhibit
3-16. This figure also shows that all of the monitoring wells are located in

~ sewered areas. Most of CPU’s production wells are located in sewered areas,

minimizing the risk of nitrate contamination of the public water supply.
Review of water quality data collected by CPU in 1990 for compliance with
the SDWA indicates that nitrate levels were typically below 2.5 mg/L, with
the exception of an elevated level (6.1 mg/L,) at CPU Well No. 8 (Table 3-5).
This well is located in a sewered area which is zoned as residential, and
additional sampling would be required to determine if nitrate contamination
is persistent in this vicinity.

Surface Runoff. Stormwater runoff can contain heavy metals, hydrocarbons,
petroleum products, pesticides, and animal wastes. Stormwater can enter
the groundwater system through infiltration over the land, surface, or
drainage ditches, or be discharged directly to the subsurface through
infiltration basins and dry wells. Clark County is charged with controlling
stormwater runoff in the Focus Area. The County has recently received a
Centennial Clean Water Fund Grant from Ecology to inventory and map
existing dry wells in the area. In addition, the Salmon Creek Watershed
Management Plan is currently addressing the issues of potential pollution
from this source in more detail.

The major transportation corridors in the Focus Area include Highway 99,
and Interstate 5 and 205. There are also many miles of surface streets
throughout the Focus Area. Contaminants associated with transportation
routes include petroleum products, lead and other exhaust emission products,
plus any other material transported through the area that could be a
potential source of contamination to the aquifer.
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Improperly Abandoned Wells

Little information exists on the location of abandoned wells due to
insufficient reporting in the past. Current water well construction standards
require that well abandonments be recorded with Ecology, however, this
practice was rarely done in the past. Of the more than 6,000 water well
construction records compiled by the IRC, there were only five records which
recorded an abandonment (EES and PGG 1989). Improperly abandoned
wells are a concern to groundwater quality because they provide a direct path
for entrance of contaminants from the surface, and these contaminants may
be transported from one aquifer to another within the well.

Known Sources Of Contamination
4.3.1 Data Sources

Contaminant databases were obtained from Ecology. Data files contained
lists of sites within the County with contaminated soil, groundwater, or
where chemicals had been released to the air. Additionally, the most recent
reports regarding the chromium release at the Boomsnub Pacific Northwest
Plating Facility and the VOC release at Airco Industrial Gases have been
reviewed and summarized. Data and reports involving known sources of
contamination reviewed for this study are summarized below.

Washington State Department of Ecology

Washington State Toxic Release Inventory Summary Report, 1990. This
report is an annual summary of toxic chemical release report forms
submitted by manufacturing facilities in the State. It was prepared by
Ecology Community Right-to-Know (CRTK) Unit to enhance access to data,
along with citizen awareness.

Washington State Department of Ecology

Toxics Cleanup Program, Leaking Underground Storage Tank (LUST) Site
List. This list contains the names and addresses of sites located by County
where an underground storage tank has reportedly leaked, the date of
notification, the affected media, and status of the incident.

Washington Department of Ecology

SARA Title III CRTK Toxic Release Quantities. This database contains
facility names, addresses, chemical quantities, and affected media for toxic
releases that have been reported. The most recent list available for Clark
County contains releases that occurred in 1991.
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Sciences Applications International Corporation (SAIC)

Groundwater Monitoring Report, May 1993. This report summarizes
analytical results of groundwater monitoring at the Boomsnub Pacific
Northwest Plating Facility.

Sciences Applications International Corporation (SAIC)

Project Work Plan, 1992. This report presents the work plan for installation
of groundwater monitoring wells at the Boomsnub Plating Facility.

EA Engineering, Science and Technology

Phase III Investigation Airco Industrial Gases, 1993. Results of
investigations conducted at the Airco plant are presented.

4.3.2 Contaminated Sites

Two chemical releases have recently occurred upgradient of CPU's Zone 2
wells. A hexavalent chromium plume has been identified as originating from
the Boomsnub Pacific Northwest Plating Facility, and VOC contamination of
groundwater has been traced to the Airco Industrial facility. Extensive
groundwater monitoring has been completed to-date, and results are
summarized below.

Boomsnub Plating Facility

SAIC has been operating under an Ecology contract monitoring water
quality, water level data, and groundwater flow conditions at a network of
wells located around the Boomsnub facility. The facility is located in
Vancouver, Washington at 7608 NE 47th Avenue. Groundwater
contamination has been measured since 1987, and is apparently due to
several episodic releases of chromic acid and discharges of spent plating
solution (SAIC, 1992). Chromium migration was greatly enhanced in March
of 1990 when approximately 300,000 gallons of potable water was released
due to a leak in the water service line (SAIC, 1992).

A total of 43 monitoring wells have been installed in the vicinity of the site.
In addition, CPU has installed MW-1S and MW-1D downgradient of the site
as part of the WHPP. MW-2 is scheduled for construction during October of
1993. Chromium results from the most recent sampling round (conducted
May 25-26, 1993) are provided in Table 4-6. The highest measurements
(1,500 mg/l.) were measured at wells along the apparent centerline of the
plume as it extends downgradient from the facility (SAIC, 1993). Monitoring
well locations are shown in Exhibit 4-6.
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Table 4-6
Total Chromium Concentrations in Groundwater
May 25 - 27, 1993
Boomsnub Plating Facility

Ecoclogy Monitoring Well Number Total Chromium’ (ug/L)

Influent** 24,000
Effluent 1t 130
Effluent 2++ 180
MW-6B 1,700
MW-10B 7,000
MW-10C 14,000
MW-11A 1,500,000
MW-14C 19,000
MW-18D 50,000
MW-18E 34,000
MW-18D 70,000
MW-20D 51,000
MW-21D 12,000
MW-22D 20,000
MW-23D 40

Source: SAIC, 1993

* Unfiltered samples.

ke Pre-treatment sample collected from inside itreatment shed; wells PW-1B, MW-6B,
MW-10B, MW-14C and MW-I14E pumping a total of 18 gpm.

+ Post-chromium treatment sample collected from inside treatment shed.

++ Post-chromium and post-VOC treatment sample collected from VOC stripping tower.,

Chromium contamination is present in the Shallow Alluvial Aquifer (Qal)
which overlies the Upper Troutdale Aquifer (QTt). The QTt aquifer serves as
the major supply aquifer for CPU, with the closest production well (CPU Well
No. 7} located approximately one mile downgradient of the site (Exhibit 3-
11). The chromium plume is migrating along the hydraulic flow path of the
Shallow Alluvial aquifer. The one-year time-of-travel for CPU Well Nos. 5,
23, and 7 are hydraulically down gradient of the plume but they draw water
from the Upper Troutdale aquifer which is separated from the chromium
plume, by a confining unit approximately 50 feet thick. The Upper Troutdale
formation is unconsolidated to semiconsolidated and averages about 100 to
150 feet thick in the vicinity of Boomsnub.
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Ecology has been operating a groundwater extraction treatment system (ion
exchange) capable of treating a minimum of 10 gpm. During the month of
May 1993, over 600,000 gallons of water were treated and approximately 125
pounds of chromium were removed. Since 1990, approximately 7,000 pounds
of chromium have been removed from the subsurface environment (SAIC,
1993).

Chromium levels have been measured at each monitoring well as part of the
WHPP. Quarterly samples have been collected at sites located in the vicinity
of the contamination plume. Elevated chromium levels were detected in
MW-1S during the February and May 1993 sampling events, however, levels
were below the regulatory MCL of 0.1 mg/L determined by the USEPA.
Continued monitoring of the contaminant plume is essential for protecting
CPU'’s Zone 2 production wells.

VOCs including  trichloroethane (TCA), trichlorothene (TCE),
tetrachloroethene (PCE), Freon 11, and 1,1-dichloroethene (DCE) have also
been measured at wells on and off the Boomsnub site. The source was
determined to be upgradient of the facility and additional investigations were
conducted by Ecology. ,

Airco Indusirial Gases

Airco Industrial Gases is located at 4715 NE 78th St., Vancouver,
Washington. The plant manufactures compressed gases for use by industry
and distributes other specialty gases (EA Engineers, 1992).

In 1991, Ecology measured TCE, TCA, PCE, trichlorofluoromethane (Freon
11), acetone, and other compounds during investigations at the Boomsnub
site. Airco was identified as a source of the VOC contamination and a site
investigation was initiated in January of 1992. None of the VOCs detected in
groundwater were detected in soil samples, as determined by analysis of six
soil borings. Eight monitoring wells were installed, and water quality
samples were collected in addition to samples collected from the cooling
water supply wells. Results of monitoring conducted in September of 1992
are presented in Exhibit 4-7.

As part of the CPU WHPP, VOCs have been sampled at each monitoring and
private well included in the study. VOCs have been detected consistently at
MW-1S and MW-1D and in the Bennett well. Only TCE was present at
levels that exceeded the regulatory MCL of 5 ug/L at MW-1D. Correlation
between VOCs measured at MW-1D and the Bennett well versus the releases
at the Airco Facility have not been clearly defined.
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Investigations at the Airco facility have been conducted exclusively on the Qal
aquifer, and MW-1D and the Bennett Well are completed in the QTt aquifer.
The path of migration of TCE has not been determined at this point, and the
likelihood of contaminant transport from the Qal aquifer to the QTt aquifer has
not been clearly established. However, hydraulic gradients would suggest that
the contaminant source to both MW-1D and the Bennett Well is northeast of the
wells, since the predominant direction of flow in the QTt aquifer is southwest.

Recent monitoring under Phase III of the Airco Facility Investigation revealed
that high levels of VOC contamination were present in the south dry well, also
shown in Exhibit 4-7. The presence of these contaminants further implicates
Airco as a source of VOCs measured regionally in the Qal aquifer. Additionally,
high levels of VOCs measured in Airco MW 8-A, on the northeastern border of
the facility, appear to be a result of some source of contamination other than the
Airco Facility, based on the west-northwest groundwater flow direction of the
Qal aquifer. Additional monitoring is planned under Ecology supervision to
clearly define the extent and source of the VOC phase.

General Service Administration (GSA)

Contamination from an automotive repair facility at the GSA Fleet Management
Center has recently been investigated by Ecology. The site is located at 9226
N.E. Highway 99, and is listed as site No. 29 in Exhibit 3-2 (Potential
Contamination Sites). Six dry wells have been contaminated with petroleum
hydrocarbons and metals, resulting from washwater discharge used for vehicle
steam cleaning. Contamination has primarily occurred in sediments in the
drywells. Groundwater contamination has not been confirmed to-date.

The GSA site lies on the northwest corner of the ten-year time-of-travel for CPU
production Well No. 20, and just south of the ten-year time-of-travel for CPU
production Well No. 4. Regional flow patterns indicate that if contamination did
reach the water table, groundwater quality at CPU Well No. 4 could be
impacted. Well No. 4 draws from the Upper Troutdale Aquifer which occurs
approximately 300 feet below ground surface at this location. Depth to water is
approximately 100 feet below ground surface and the Upper Troutdale is
unconfined in this region.

Leaking Underground Storage Tanks

Contaminants are rarely generated underground, however, they are often stored
in underground tanks. Typically, chemicals that may be explosive or pose a fire
hazard have been stored in the subsurface environment. According to Ecology’s
database on LUSTs there are currently 27 known groundwater contamination
sites in Clark County which have resulted from LUSTs (Appendix G). Four are
within the WHPP Focus Area and are located along the Interstate 5 corridor
(Exhibit 4-8).
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EXHIBIT 4-8
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None of the LUSTs are within the one-year time-of-travel of any CPU
production wells; however all four are along hydraulic flow paths for CPU
Well Nos. 9, 17, 18, and 19. These wells are situated along the Salmon Creek
depression which receives groundwater from both the northeasterly and
southwesterly direction (Exhibit 3-9). Three of the four LUSTs are within
the five-year time-of-travel of these wells. If contamination of groundwater
was a result of the released product, it is likely the contamination would be
confined to the shallow alluvial aquifer. Detection of petroleum products in
MW 5 and/or 7, would serve as a warning for contamination of CPU Well
Nos. 9, 17, 18, and 19. All four CPU wells draw water from the Alluvial
Aquifer which has a thickness of approximately 100 feet. This aquifer is
relatively susceptible to land use impacts given its shallow occurrence and
the absence of overlying confining units.

SARA Title lll Toxic Release Quantities

Ecology maintains a database on toxic chemical releases based on reports
submitted by manufacturing facilities. A report was prepared by Ecology
summarizing the releases in 1990. An updated report has not been
completed to-date. According to the 1990 report (Appendix H), Clark County
ranked sixth out of the top fourteen counties which have had major chemical
releases to either air, water, underground injection or land. According to
Exhibit 4-9, greater than two million pounds of toxic chemical were released
in Clark County during 1990. A breakdown of reported releases in 1990 is
provided in Table 4-7 below.

Table 4-7
Reported Releases of Toxic Chemicals in 1990
Medium Pounds Released (1990)
Aijr 1,606,206
Water 431,759
Underground Injection 0
Land —121.655
Total 2,189,620

Data regarding releases which occurred during 1991 in Clark County were
available through the Ecology database. Sites within the WHPP study area
are shown in Exhibit 4-10. Site No. 2 (on Exhibit 4-10) is associated with the
Boomsnub facility and was listed in the Ecology database as a chromium
release of approximately 1,730 lbs. in 1991. Site No. 1 is listed as a non-
point air release of sulfuric acid, affiliated with the Airco Facility. Site No. 3
represents approximately 13,000 lbs. of styrene and 48,000 lbs. of acetone
which were released to the air from the La Valley Equipment Corporation.
Currently, the chromium release at Boomsnub and additional VOC releases
associated with the Airco Facility are being carefully monitored through
Ecology, Department of Health (DOH), and Clark County efforts.
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Washington TRI Toxic Release Inventory by County, 1990
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4.4 Identification And Prioritization Of Contaminants For Risk
Management

Contamination of the subsurface environment is controlled by numerous processes.
Chemical interaction with the soil, movement with hydraulic gradients, and
transformation by chemical, physical, and biological processes are all governed by a
complex network of contaminant and aquifer characteristics.

Contaminant properties that will determine the degree of water quality degradation
include:

Quantity of contaminant,

Concentration in the aqueous, soil, and vapor phases of the aquifer,
Contaminant solubility,

Contaminant mobility,

Contaminant reactivity,

Available treatment techniques,

Spatial and vertical location of contamination,

Persistence of contaminant source (i.e., spill or leakage),
Contaminant/aqueous phase contact time, and

Other characteristics.

o000 0000D

Aquifer properties that govern the degree of groundwater contamination include:

Hydraulic conductivity and transmisitivity,

Soil pore space size,

Soil type,

Natural organic matter content,

Hydraulic gradient in relation to source of contamination,
Sorptive, advective, and dilution capabilities,

Degree of water level fluctuation,

Degree of groundwater recharge, and

Other physical, chemical, and biological characteristics.

oocoooopooo

Both the physical properties of the Shallow Alluvial (Qal) aquifer and the relatively
high number of potential contamination sources along the Highway 99 corridor
within the WHPP study area increase the risk of groundwater quality degradation
in the Qal. Known contamination sources to the east of NE St. John St. have been
documented and the degree of water quality degradation in the Qal and potentially
in the Upper Troutdale is currently being monitored. The Qal aquifer is believed to
occur under "unconfined” conditions, meaning that the water table itself forms the
upper boundary of the aquifer. However, the portions of the Qal in the WHPP
Focus Area are primarily comprised of fine-grained deposits, which generally do not
serve as regional aquifers. Localized perched aquifers are utilized for domestic
supplies and the unit serves as an important aquifer only in localized areas along
the Salmon Creek corridor.
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The Troutdale aquifer (QTt) underlies the Qal aquifer and is divided into upper and
lower formations. The majority of CPU's water is drawn from the Upper Troutdale,
where the formation consists of semi-consolidated to unconsolidated gravel and
cobbles in a sand or silty-sand matrix. Average depth to water in the Upper
Troutdale is approximately 90 feet below land surface, occurring under unconfined
and semi-confined conditions. These physical characteristics result in a moderate
vulnerability, overall, to water quality degradation, although vulnerability varies
as water levels, transmisitivity, and thickness of overlying layers vary. The Lower
Troutdale occurs around 200 feet below land surface. CPU maintains three
production wells and two exploration wells within this aquifer. The Lower
Troutdale is less susceptible to contamination from land use activities since it is
overlain by a thick sequence of clay and silt. CPU production well locations are
listed in Table 4-8 below.

Table 4-8
CPU Production Wells and Associated Aquifers
Agquifer: Shallow Alluvial Upper Troutdale Lower Troutdale
(Qal)
Depth to Water: <10 feet 90 feet. 200 feet
CPU Wells: 9,17,18,19 4,5,7,8,10,15,22,23 14, 16, 20, 21, 24,

90-03

4.4.1 Assumptions

Due to the numerous factors affecting susceptibility to contamination, a
prioritization scheme for managing risk of groundwater contamination can
only be developed by making variability-limiting assumptions. Although the
potential for contamination of the shallow aquifer would be high based solely
on aquifer hydrogeology and the number of potential contaminant sources,
CPU draws the majority of its water supply from the QTt aquifer. Therefore,
risk assessments are primarily focused on the Upper Troutdale aquifer. A
separate assessment of risk associated with contamination of individual CPU
production wells was alse developed. Assumptions used for determining risk
of aquifer contamination are presented below.

Assumptions Based on Hydrogeology

U The general groundwater flow direction is from Northeast to Southwest in
the Upper Troutdale, and in a westerly direction in the Qal.
U Recharge throughout the wellfield is homogeneous.

There is limited mixing or interaction between the Qal and QTt aquifers.

o

0 Soil types consist of sand and gravel with smaller amounts of silty sands
and clays.
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Assumptions Based on Types of Contaminants

Q VOC’s fate and transport will be considered as a group and generally
regarded as either petroleum products or solvents.

Q Coliform bacteria will serve as an indicator of potential water-borne
disease outbreak.

Q Chromium contamination will not serve as an indicator of metals
contamination since a point-source of chromium contamination has been
identified.

Assumptions Based on Contaminant Location

O All theoretical contamination events will occur within the one-year time of
travel for all production wells.

QO Existing or known contamination events will be evaluated separately
from potential contamination events.

4.4.2 Risk Assessment from Potential Sources of Contamination Based on
Business Types

The major contaminant categories associated with business types in the
WHPP study area identified in Exhibit 4-4 were separated based on the
likelihood of contaminant use and their likely storage on the surface or in the
subsurface environment. It is important to emphasize that use or storage of
contaminants have not been verified at the businesses identified; and
therefore, the risks of contamination from these businesses may be over-
rated. For the purpose of assessing risk, a conservative approach would be to
assume that representative contaminant categories (listed in Appendix A for
the potential contamination sites) are present at the sites and the potential
for water quality degradation exists. Additional field searches and
windshield surveys would need to be conducted to ensure that all potential
sources of contamination were previously identified and to update the
existing database. The number of businesses potentially serving as sources
of contamination which were identified during the windshield survey is by no
means conclusive since the data were generated in 1989 and businesses may
have opened, closed, or changed location. However, the data does serve as an
initial inventory for assessing the risk of groundwater contamination,
especially in the Qal aquifer.

Land uses and zoning in the WHPP study area consist primarily of
commercial and urban residential activities. @ Some agricultural and
industrial activities are also present, and estimates of pesticide use were
evaluated previously. Potential sources of contamination associated with
typical landuse activities in the County are:

Inventory of Contamination Sources 428



December 30, 1994

O Storm drainage,

@ Chemical spills,

Q Pesticide and fertilizer application,

Q Wastes from commercial and industrial operations, and
Q Transportation spills and runoff.

Also, activities such as above ground storage, chemical delivery, contaminant
transport, as well as intentional and unintentional spills and leaks are
common as part of daily surface activities. The actual potential for
contaminant migration to the subsurface environment is lower for all surface
activities than for contamination caused by events occurring below the
ground surface. This is especially true for contamination of the QTt aquifer.

Potential waste categories were ranked according to their hazardous nature,
ease of locating contamination sources, nearness of businesses to wells,
contaminant mobility, and the potential quantity of contaminant types based
on the number of businesses identified. A matrix of potential contamination
risk is provided in Table 4-9.

Petroleum hydrocarbons and solvents were given a higher ranking based on
the following criteria:

0O They are widely used throughout the WHPP Focus Area, and therefore,
any release may be near a production well;

U They include compounds such as halogenated organics and volatile
organics that are known carcinogens;

0O They are comprised of compounds which are generally more mobile and
soluble than most metals and pesticides;

O Underground storage of these products is widespread, and therefore, a
release could occur near a production well;

{J Releases in the subsurface environment are typically more difficult to
locate, and the widespread use of underground tanks would further
complicate the source identification process;

Q Petroleum products and solvents can exist in the vapor or liquid phase,
increasing the likelihood of groundwater contamination upon contact with
the liquid product or from contact with unsaturated soils containing
contaminant vapors; and,

Q Of the five businesses creating a potential for water quality degradation
located within the one-year time-of-travel for a well, all probably use,
store, or generate petroleum products and solvents.
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Table 4-9
Risk Assessment of Known and Potentlal Sources of Contamination
Ability to Overall
Hazardous Locate Nearness Contaminant Potential Risk
Waste Category  Nature(6) Source to Well Mobility Quantity(7 Assessment
Surface
Bacteria(l) Low Medium Low Low Low Low
Pesticides and
Herbicides High High Low Low Low Low
Solvents High Low High High High High
Metals Medium Medium High Medium Medium Medium
Acids High-Med. Medium High High Medium Medium
Caustics High-Med. Medium High High Medium Medium
PAHs High Low High Low Medium Medium
Petroleum High Low High High High High
Products
Subsurface 7
Bacteria(3) Low Medium Low Low Low Low
Solvents High Low High High High High
Metals(2) Medium Medium High Medium High High
Nitrates(3) High Med.-Low Low High Low Medium
Petroleum High Low High High High High
Products
Transportation Routes
I-6 Spill Varies® High Medium Varies(6) High Med.-High
1.5 Runoff Varies®  Med.-Low Medium Varies(b) High Medium
Highway 99, Variest4) High- High Varies(6) Med.-High  Med.-High
205 Spill Med.
Highway 99,
205 Runoff Varies®  Med.-Low High Varies(b) Med.-High Med.-High
City Street Varies4?  Med.-Low High Varies(d) Med.-Low Low
Runoff
Footnotes:

(1)
(2)
3
@
&)
©

o)

Sources of bacteria are assumed to be primarily from food manufacturing and processing activities.
Chromium contamination in the vicinity of wells 5, 7, and 23 is high priority.

Sources are assumed to be from leaking sewer lines or unsewered facilities.

The hazardous nature will vary with type of contaminant transported.

See mobility ranking above for specific type of contaminant.

Determined from EPA carcinogen classifications and hazard indices for non-carcinogenic substances.
However, EPA classifications are made on a compound-specific basis and have therefore been summarized
and combined for purposes of ranking waste categories.

Based solely on number of businesses identified during previous site inspection.
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Businesses identified within the one-year time-of-travel and hydraulically
up-gradient of production wells are listed in Table 4-10 below.

Table 4-10
Potential Contamination Sources within the 1-Year TOT
Business LD. CPU Well Potential
Number* Business Type Number Contaminants
76 Experimental Station 5, 16 Gas, Pesticides_, Fertilizers
5 Convenience Station, Car 5, 16 Gasoline, Car Wash
Wash

52 Auto Repair 18 Petroleum, Solvents,
Metals :

51 Auto Parts/Machine Shop 18 Petroleum, Solvents,
Metals

143 Boat Repair 18 Petroleum, Solvents,
Metals

* Business names and addresses are listed in Appendix A.

Many of the businesses within the one-, five-, and ten-year time-of-travels
likely store petroleum products and/or solvents in underground tanks, as
referenced previously in Exhibit 4-5. There is a close correlation between
potential contamination sites and known USTs, as demonstrated by
comparing Exhibit 3-2 and 4-5.

In addition to potential point sources of contamination, there are many miles
of surface streets and arterials in the Focus Area for the County WHPP.
Major transportation corridors include Interstate 5, Highway 99, and
Highway 205. Contamination from chemicals transported along these
corridors could occur from intentional and unintentional spills, exhaust
emigsions, small quantities of petroleum products that are continually leaked
from many vehicles, and other products which settle to the ground and are
carried by storm water runoff.

According to the results of the Nationwide Urban Runoff Program conducted
by the EPA, heavy metals (especially copper, lead, and zinc) are by far the
most prevalent priority pollutant constituents found in urban runoff.
Pesticides, phenols, polynuclear aromatic  hydrocarbons, and
pentachlorophenol were also frequent components of wurban runoff.
Additionally, the study found that fecal coliform are typically present in the
tens to hundreds of thousands per 100 mLs of runoff. However, fecal coliform
levels decrease rapidly due to dilution, dispersal, and die-off rates.
Correlations between the source of fecal coliform in urban runoff and
sanitary sewage have not been demonstrated.
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The risk of groundwater contamination from spills or runoff originating from
the major transportation routes has been summarized in Table 4-9. Runoff
from Highway 99 and 205 were given the highest priority based on the
location of the corridors which run through both the one- and ten-year time-
of-travels for many wells. All of the major priority pollutants measured in
the national study could be expected to be found in runoff from both of these
roads. Therefore, a contaminant spill on either road could have a severe
impact on drinking water quality; however, it is not possible to predict the
likelihood of a spill or determine what type of contaminant may be involved
should a spill occur.

Runoff from Interstate 5 would also be expected to contain many priority
pollutants. However, Interstate 5 passes through fewer critical well areas
than do Highways 99 and 205. Furthermore, Interstate 5 lies primarily
down gradient of many of CPU’s wells. A large spill of a mobile product such
as petroleum or solvents could pose a greater threat to groundwater quality
in the shallow aquifer, as well as impact water quality in CPU Well No. 4.

4.4.3 Risk Assessment Based on Known Contaminant Sources
Known sources of gfoundwater contamination within the Focus Area include:

Q Leaking underground storage tanks,
( Toxic release inventory sites, and
O Boomsnub and Airco Facilities.

Although four LUSTs have been identified in the County’'s WHPP Focus
Area, none are located within the one-year time-of-travel of any CPU
production wells and evidence of groundwater contamination has not been
verified to-date, based on water quality data gathered at MWs 6, 7, and 8,
and the Felter Well (Exhibit 4-8). Every attempt should be made to identify
the extent of soil contamination resulting from these LUSTs and whether or
not groundwater contamination is evident. Ecology maintains a quarterly
data base on LUSTs and can provide information regarding the status of
individual sites. Future monitoring as part of the WHPP will help to
determine if water quality degradation has occurred down gradient of these
sites.

Of primary importance to maintaining CPU’s production well water quality
is the delineation and remediation of the chromium plume apparently
migrating toward CPU Well Nos. 7, 5, and 23, and VOC contamination
presently measured in the Upper Troutdale Aquifer. Although chromium
contamination is confined to the Shallow Alluvial Aquifer, an improperly
abandoned well or poorly constructed active well could serve as a path of
contaminant migration into the Upper Troutdale Aquifer. Results of recent
monitoring under the WHPP indicate that 1,1,1-trichloroethane (TCA),
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trichloroethylene (TC), dichloroethylene, and methylene chloride have been
detected on more than one sampling occasion from MW-1 and the Bennett
Well. TCA was also detected from the Shallow Alluvial Aquifer at MW-1 (see
Section 3).

Currently, remediation practices are on-going at both the Airco-Boomsnub
contaminated sites, however, the extent of the chromium contamination has
not yet been clearly defined along the south end of the plume. Additional
monitoring is imperative to ensuring that water quality associated with CPU
wells is not impacted from these known contamination sites.

4.5 Conclusions and Recommendations

Although there are many potential sources of contamination stored, transported,
and generated in the WHPP Focus Area, not all contaminant types pose the same
risk for degrading water quality. Issues having the greatest impact on risk of
contamination inciude:

Q Vertical location of spill or leak (i.e., occurring on the land surface or in the
subsurface environment),

O Contaminant mobility, and
O Quantity (or concentration) of the contaminant released.

The overall risk assessment for surface activities, subsurface storage, and
contamination resulting from transportation routes is provided in Table 4-9.
Although the frequency of contaminant use and storage associated with surface
activities is typically greater than in the subsurface environment, a relatively small
release in the subsurface environment can pose the most immediate threat to
groundwater quality.

4.5.1 Above and Below Ground Storage Tanks

The risk of a contaminant released in the subsurface environment reaching
the water table is also increased by the difficulty of discovering that the
release has occurred. Often, leaking underground storage tanks are not
identified until the contaminant is detected in a potable water source, or,
until such a large quantity of the product has been released that the change
in tank volume is readily measurable.

Recommendations:

U Implement a program of focused, local regulation of underground tanks
which might include tanks which are not regulated by the State or federal
government.
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U Ensure that all businesses storing contaminants in underground tanks
are permitted. Maintain a database so that underground storage tank
locations can be readily identified.

QO Determine tank age, size, and type at all locations within the ten year
time-of-travel.

QO Develop a tank inspection program beginning with oldest tanks and those
constructed of steel. The typical life of a steel tank storing petroleum
products is 40 years. However, tanks storing more corrosive products may
have shorter lives.

4.5.2 Transportation Routes

Contamination from a spill during hazardous material transport could pose a
serious threat to water quality in the shallow aquifer. Although a larger
volume of potential contaminants is meost likely transported on a more
frequent basis via Interstate 5, the proximity of Highways 99 and 205 to
many of CPU’s production wells places these corridors in a higher risk
category. Spill events cannot be predicted; and therefore, preventative
measures are limited. '

Recommendations:

QO Ensure that fire departments and emergency response teams are familiar
with production well locations and boundaries of the shallow aquifer zone.

QO Coordinate training with spill response teams to minimize environmental
impact of clean-up procedures.

0 Determine the frequency and schedule of contaminant transport along
major trangportation routes.

Q Investigate a prioritized program of storm drain upgrade, such that
strategic drains and systems are capable of not only treatment of
stormwater, but can serve as a temporary detention facility for hazardous
spills.

4.5.3 Known Contamination Sites

Groundwater contamination from the Airco-Boomsnub contaminated sites
present the largest and most probable threat to groundwater quality. Close
monitoring of the contaminant plumes and maintenance of an open working
relationship with both Ecology and the two facilities is crucial to protecting
CPUs water quality and quantity requirements. A continued monitoring
program is outlined in Section 5.
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Section 5
Threat Categories - Existing And
Proposed Protective Measures

5.1 Introduction

In the last section, various sources of groundwater contamination were
reviewed, existing data were analyzed, and sources or categories of sources
presenting a high risk of contamination of aquifers were discussed. In this
section, potential contamination sources will first be classified into general
threat categories (note: For completeness within this Section, it has been
necessary to reiterate some discussion from previous sections). Existing
programs to control and clean-up contamination from those categories of sources
will be reviewed. Subsequent sections will deal specifically with spill response
planning and contingency planning (Sections 6 and 7). In Section 8, the
Wellhead Protection Program (WHPP) recommendations are described based on
the programs outlined in this and the following two sections.

5.2 Risk Categories - Definition and Discussion
5.2.1 High Risk Categories
Above and Below Ground Storage Tanks

Underground storage tanks (UST's) usually contain flammable motor fuels
or heating oil, but may contain other compounds used by industry,
government, or businesses. Contamination of seoil and groundwater by
leaks from USTs and associated piping has become an increasingly
prominent environmental, legal, and regulatory issue. The U.S.
Environmental Protection Agency (USEPA) estimates that 35 percent of
all USTs could be leaking. The most cormmon causes of leaks are
structural failure, corrosion, improper fittings, improper installation, and
natural phenomena.

Leakage from USTs and associated piping often occurs without detection.
Even relatively small amounts of certain compounds can have serious
adverse impacts on groundwater quality. For instance, one gallon of
gasoline can render a million gallons of groundwater unpalatable for as
long as several decades. A one-quarter inch hole in UST can release up to
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930 gallons of gasoline in a single day. Once released from a UST, some
volatile organic compounds and petroleum products can rapidly migrate
through the soil profile to groundwater. This problem is especially serious
in areas with excessively permeable soils such as coarse sands and

gravels.

Studies show that the mean age of leaking tanks in California, Oregon,
and Washington is eighteen years. Of the many materials stored in
USTs, solvents are considered the most toxic. However, petroleum
products may pose a greater risk to groundwater because of the large
number of tanks containing such products. In addition, petroleum
products contain many potential pollutants, including three USEPA
priority pollutants: benzene, toluene, and ethylbenzene. Benzene is a
known human carcinogen.

Location of USTs tends to follow the transportation and population
pattern of Clark County (County), as do the public water well locations.
This, of course, increases the public health risk associated with leaking
USTs.

According to the Department of Ecology's (Ecology) database on leaking
underground storage tanks (LUSTs) there are currently 27 known
groundwater contamination sites in the County which have resulted from
LUSTs. Four are within the WHPP Focus Area and all four are located
along the Interstate 5 corridor (Exhibit 4-8). None of the LUSTs are
within the one-year time of travel of any Clark Public Utility (CPU)
production wells; however, all four are along hydraulic flow paths for CPU
Well Nos. 9, 17, 18, and 19. These wells are situated along the Salmon
Creek depression which receives groundwater from both the northeasterly
and southwesterly direction (Exhibit 3-3). Three of the four LUSTSs are
within the five-year time of travel of these wells. If contamination of
groundwater was a result of the released product, it is likely the
contamination would be confined to the shallow alluvial aquifer.
Detection of petroleum products in MWs 5 and/or 7, would serve as a
warning for contamination of CPU Well Nos. 9, 17, 18, and 19. This
aquifer is relatively susceptible to land use impacts given its shallow
occurrence and the absence of overlying confining units.

Aboveground storage tanks are generally not the threat that underground
tanks represent. This is because leaks can generally be detected before
large quantities of material are released. However, storage of some
materials, such as bulk petroleum, can represent a large threat simply
because of their size. Other types of aboveground storage which are
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vulnerable to vandalism, such as those on construction sites, or those
tanks which are not easily and visually monitored should be a focus of
attention.

Hazardous Materials Transportation

The risk of spilling hazardous materials resulting from a traffic accident
is inherent in the existence of traffic corridors. A wide variety of
materials are transported by rail and road every day. Fortunately, the
corridors themselves (roads and rail) are controlling elements and provide
a very good target for risk reduction measures.

Existing Hazardous Material Contamination

Ecology has indicated that there are over 900 contaminated (with
hazardous materials) sites in Washington. If these sites exist in an
aquifer recharge area, then a risk exists. The significance of the risk
depends on the susceptibility of the aquifer to contamination.
Susceptibility is determined by the nature of the chemical contaminant
and the hydro-geologic characteristics of the area.

Of primary importance to maintaining CPU’s production well water
quality is the delineation and remediation of the chromium plume
apparently migrating toward CPU Well Nos. 5, 7, and 23, and volatile
organic chemicals (VOC) contamination presently measured in the Upper
Troutdale aquifer. Although chromium contamination is confined to the
shallow alluvial aquifer (Pleistocene alluvial deposits), an improperly
abandoned well or poorly constructed active well could serve as a path of
contaminant migration into the Upper Troutdale Aquifer. Results of
recent monitoring under the WHPP indicate that 1,1,1-trichlorethane
(TCA), trichloroethylene (TC), dichlorcethylene, and methylene chloride
have been detected on more than one sampling occasion at MW-1 and the
Bennett Well. TCA was also detected from the Shallow Alluvial Aquifer
at MW-1 (see Section 3).

VOC contamination has been measured in the Upper Troutdale Aquifer.
Results of recent monitoring under the WHPP indicate that 1,1,1-TCA,
TC, dichloroethylene, and methylene chloride have been detected on more
than one sampling occasion from MW-1 and the Bennett Well. TCA was
also detected from the Shallow Alluvial Aquifer at MW-1 (see Section 3).
Recently, a suspected source for this VOC contamination is the Airco
Industrial Gas production facility.
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Currently, remediation practices are on-going at both the Airco-Boomsnub
contaminated sites. However, the extent of the chromium contamination
has not yet been clearly defined along the south end of the plume; and,
similarly, the chromium plume is not fully defined. On-site
characterization needs to be more fully completed at both suspected
sources.

5.2.2 Lower Risk Categories
Septic Tanks

The main sewer district in the Focus Area is the Hazel Dell Sewer
District, however the City of Battle Ground to the north and Vancouver to
the south also provide sanitary sewer service. The remainder of the area
is served by on-site sewage systems. Potential contaminants from septic
tanks and drain fields would include pathogenic organisms, toxic
substances, and nitrogen compounds.

Ammonia and nitrate nitrogen are highly soluble in water, and can be
expected in detectable quantities wherever portions of the aquifer are
affected by septic system discharges. Suspended solids in sewage,
including coliform bacteria, are easily filtered by soil and would not be
transported significant distances from the drain field. @ However,
improperly abandoned wells may provide direct entrance of sewage into
the aquifer.

Hazardous chemical contamination of groundwater from septic tanks is
also a threat. The spectrum of chemicals used inside the home is great,
but the volumes are small. The pathway to groundwater usually involves
a septic system. Cleaners, polishes, waxes, and paints, are the primary
materials of concern. Some of these products contain toxic and long
lasting chemicals, which when coupled with a high density of septic fields,
can cause low level aquifer contamination, and raise health risks. Proper
handling of these materials should result in little or no waste, and
therefore, little or no contamination. However, lack of knowledge of the
potential threat, or chemical content, often leads to improper application
or disposal.

The historical nitrate data collected by CPU (1988) has been reviewed in
Section 4. Data demonstrated that elevated nitrate levels do not typically
occur in sewered areas. All locations where levels exceeded the nitrate
MCL of 10 mg/L (as N) were situated in non-sewered areas, or areas
primarily relying on septic systems.
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Nitrate levels measured during the first three monitoring rounds from
newly installed monitoring wells were below 5 mg/L (as N) in all samples.
All of the monitoring wells are located in sewered areas. Most of CPU’s
production wells are located in sewered areas, minimizing the risk of
nitrate contamination of the public water supply. Review of water quality
data collected by CPU in 1990 for compliance with the Safe Drinking
Water Act (SDWA) indicates that nitrate levels were typically below 2.5
mg/L, with the exception of an elevated level (6.1 mg/L) at CPU Well No. 8
(Exhibit 3-16). This well is located in a sewered area which is zoned as
residential. Additional sampling would be required to determine if
nitrate contamination is persistent in this vicinity.

In some areas, business and commercial facilities still utilize on-site septic
for sewage disposal. Routine processing of chemicals, as has been the
case with some dry cleaners and photo processors, can lead to serious
problems. Business, commercial, and industrial operations that rely on
on-site systems need to take special precautions to avoid contamination of
their waste water.

Commercial and Industrial Hazardous Material Management

Commercial use of chemicals can present significant risk to groundwater.
While there are always inherent releases of chemicals to the environment
with most chemical handling and use, most significant releases of liquids
occur in one of two ways.

The most obvious release pathway is through accidental spills. Handling
materials always presents a risk of spills, but the method of handling,
spill prevention measures, and spill response preparedness can reduce
some of the risk.

Improper disposal is the second pathway. Most waste materials which
could be construed to be hazardous are regulated, with the exception of
"small quantities” which will be described later. For the regulated
materials, disposal decisions must be documented and reported, and the
disposal facility must be licensed. For small quantities of regulated
hazardous materials, and for other materials not regulated, disposal can
occur virtually anywhere and cause environmental problems. Small
quantity generators, therefore, should receive attention under any risk
reduction program.

There are still many businesses that do not follow proper waste handling
procedures for a variety of their waste products. For many, the waste
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material is sent to local landfills along with other solid wastes. Others
still dispose of material on-site, unaware of the potential hazard the
materials can represent. For nearly all, the issue is one of education (or
lack of it). Because the potential liabilities are very high, and regardless
of the regulatory classification of the material, few businesses would
knowingly subject themselves to such financial risk.

If materials are disposed through the solid waste stream, they may not be
much of a threat. Landfill disposal generally is becoming less of a threat
to groundwater because of new landfill construction standards. Most
landfills now have liners, leachate collection and treatment with little or
no contamination of groundwater. Also, as the "non-conforming” landfills
are closed and covered, the threat of past dumping practices is being
reduced.

The pathways of concern, therefore, are the result of on-site handling and
disposal of material. Risk reduction strategies should focus on these on-
site management practices, but particularly with the non-regulated
business use of chemicals.

Stormwater Runoff

Stormwater is a not only a source of groundwater recharge, but is also a
potential source of contamination. Stormwater can directly dissolve many
pollutants and serve as a carrier or transport for many which are not
soluble. Runoff from streets, parking lots, and other relatively impervious
land cover often contains a variety of inorganic, organic, and bacterial
contamination. Everything from petroleum, to metals, to coliform
bacteria can be easily swept away, and, depending on the disposal
mechanism, be transported to groundwater. Stormwater runoff in highly
permeable soils such as those surrounding CPU's wells, can also serve as
a driving force to push pollutants into aquifers. The pressure from
stormwater can push septic wastes or surface contaminants downward in
these soils, the rate depending on the quantity of water, the solubility of
the contaminants, and the permeability of the soils. Specific
contaminants of concern and typical sources for CPU's groundwater
include the following.

Bacteria - Sources of bacterial contamination from stormwater in the
County are likely to be typical of other urban, suburban, and rural areas.
They might include livestock operations, small farms, stream bank and
soil erosion from many causes, and urban runoff, in general.
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Metals - Metals can come from a variety of sources, but the most common
source is automobiles. Lead, for example, is a typical byproduct of
combustion of leaded vehicle fuels. Other metals come from vehicle and

tire wear.

Nutrients - Nutrients commonly come from fertilizer application, animal
waste, or septic systems.

Toxics (Organics) - Many toxic organic contaminants, like metals, come
from vehicle combustion and use. Others, however, have their origin in
household application (or over application), spills, or existing
contaminated sites.

Pesticides and Fertilizers (Animal Waste Disposal)

The groundwater contamination potential from pesticides and fertilizers
has been well documented throughout the Country. Pesticides are of
concern because some of these chemicals are not only toxic to their target
species, but also are toxic or carcinogenic to humans. Nitrogen fertilizers
are of concern because of their potential effect on small children if
ingested at a high enough concentration. The beneficial effects of these
chemicals are well known, but they also represent a significant threat to
groundwater and wellheads.

Pathways to groundwater have their origin in over application, high
porosity soils and pgeology, and accidental releases. Additionally,
improper disposal, transport through improperly abandoned wells,
stormwater and natural drainage systems can contribute to widespread
contamination from these materials. Much of the County and the areas
surrounding CPU wells have the soils and geology to make the underlying
aquifers susceptible to contamination from pesticides and fertilizers.

Dry Wells (Injection Wells)

Class V injection wells (dry wells) are used throughout the County. These
are used for stormwater, septic waste, or other wastewater disposal at
commercial, industrial, and multifamily residential sites. They are likely
sources of contamination due to inappropriate waste disposal, spills, and
in some cases, normal use.

Wells (Poor Construction or Improperly Abandoned)

Wells are a conduit between the aquifer(s) and the ground surface. In
most cases with active wells, this conduit is used to transport water

Threat Categories - Existing and Proposed Protection Measures 5-7



5.3

December 30, 1994

upward for application to some beneficial use. However, wells which are
improperly constructed or abandoned can be a conduit for water, and
surface contaminants, to contaminate the aquifer.

Wells which are no longer in service can also pose a risk when they are
unknowingly damaged during construction on the property. Any of these
possibilities can pose a risk to groundwater through the opening of a
conduit for pesticides, metals, petroleum products, fertilizers, etc.

Decommissioning generally consists of appropriate filling of the well with
a variety of materials including a concrete or impervious seal near the
surface.

Clark County, like many rapidly developing rural areas, has significant
numbers of private domestic wells. CPU estimates that about 100 to 200
per year are abandoned in favor of the utility's water supply. Since many
of these were constructed before well drilling standards and because of
lack of Ecology oversight, the likelihood of improperly constructed wells is
high. Similarly, without a program encouraging or enforcing proper
abandonment, these wells may present a significant conduit for aquifer
contamination. There is currently no inventory, either of the number or
location of private domestic wells. Such a system might be a first step in
developing a program for proper abandonment. A WHPP should contain
an element which, at least in a focused manner, deals with this issue.

Existing Programs to Protect Groundwater

The threats from the categories listed above are to some degree reduced by
existing programs. These efforts can take the form of land use controls,
regulatory programs, voluntary or cooperative efforts of public or private
organizations, and involve elements or specific programs in public education.
Existing programs are described below.

5.3.1 Land Use

Land use is controlled by the existing Clark County Comprehensive Plan.
This plan was last updated in 1990. This plan and associated
implementing ordinances control basic land use and a variety of
associated activities which impact the environment, specifically
groundwater quality. Implementing ordinances are:

QO Land Use - Title 18 - Zoning: The basic implementation ordinance for
Clark County's Comprehensive Plan.
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QO Drainage and Erosion Control - Chapter 13.26 - Establishes policies
and processes to protect water resources.

O Sewage Disposal - Chapter 24.04 - Basic health related wellhead
protection prohibiting sewage disposal close to wellheads, and
controlling other methods of land disposal.

Q Industrial Waste Disposal - Chapter 24.05 - Requires compliance with
Southwest Washington Health District guidelines.

Q Solid Waste Management - Chapter 24.12 - Provides for a
comprehensive solid waste plan and also requires leachate control.

0 Critical Areas Ordinance - Requires special environmental review for
activities in "Critical Areas" as defined by the Growth Management
Act (GMA) and Clark County Policy.

5.3.2 Reguliatory

Regulatory programs cover many hazardous materials. These regulated
materials represent a subset of materials which because of quantity or
type might be considered hazardous to groundwater. Hazardous
Materials (regulated) are generally those materials which are hazardous
to humans or the environment through characteristics of toxicity,
ignitability, reactivity, or corrosivity. In other words, ingestion,
inhalation, or contact with these materials would be hazardous to human
health or other life forms and biological systems.

Listed below are descriptions of regulatory programs under specific
statutes or regulations:

The Federal Resource Conservation and Recovery Act (RCRA)/Solid/
Dangerous Wastes Regulations

The Federal Resource Conservation and Recovery Act (RCRA) of 1976
(40CFR 260) - as amended in 1984 - is a comprehensive piece of
legislation created in reaction to improper handling of waste materials.
The legislation contains provisions for handling a variety of "hazardous”
and other waste streams. Discussed below are programs developed under
RCRA or complementary programs developed at the State or local level.
The three major waste categories of interest are: 1) Hazardous Wastes, 2)
Solid Wastes, and 3) Underground Tanks.
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Hazardous Waste - The hazardous waste stream has had the highest
priority for USEPA during the years following passage of RCRA.
Consequently, this section of the law has had the most attention and
notoriety and the term "RCRA" became synonymous with hazardous
waste regulation. "RCRA" was termed the "Cradle to Grave" legislation
regulating hazardous wastes because the legislation required controls on
hazardous wastes from the time of their creation to their ultimate
disposal.

Washington was one of the first states to pass legislation and create
regulations severe enough to warrant partial "authorization” by the
USEPA to administer the hazardous waste portions of RCRA. Actually,
Washington has more stringent regulations than the federal program and
has been regulating hazardous wastes since 1984.

Under the State's "Dangerous Waste Regulations”™ (Chapter 173-303
WAC), waste materials thought to be hazardous must be "designated”
through a process of determining the characteristics of the material.

Like the federal regulation, hazardous waste generation of small
quantities is exempt from most provisions of the State rules. The
regulatory threshold amounts, however, are ten times lower under the
State rules than those of the USEPA. While larger "generators” must
meet strict requirements for record keeping, storage, and disposal, "small
- quantity generators” are relatively uncontrolled and free from
requirements. Small quantities can be amounts of dangerous waste up to
220 pounds per month.

Waste Reduction Planning has recently been required of Washington
Businesses (Hazardous Waste Reduction Act of 1990). Under the terms of
this legislation, large (regulated) generators of hazardous waste must
develop plans for the reduction of hazardous wastes. The overall goal of
the legislation is for a 50 percent reduction by 1995.

Given a set of circumstances involving a toxic material, mishandling of it,
spill(s), and proximity to an aquifer, significant damage could occur. This
is an area where local programs can help. Other than the fire code, there
are currently no programs which regulate hazardous wastes at the local
level in the County.

Above and Below Ground Storage Tanks - Federal regulations (Technical
Standards and Corrective Action Requirements for Owners and Operators
of USTs, 40 CFR 290 Part 280) have been developed by the USEPA under
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Subtitle "1" of the RCRA. The USEPA regulations contain requirements
for proper underground storage tank (UST) design, leak detection, overfill
protection, tank inventory monitoring, financial responsibility, leak
reporting, remedial action, and removal. However, the USEPA does not
possess the necessary resources to directly enforce their regulations.

In 1989, Washington enacted legislation, creating a comprehensive
program for the regulation of USTs and a reinsurance program to assist
owners and operators in demonstrating financial assurance under the
USEPA's financial responsibility requirements. The State legislation,
Engrossed Substitute House Bill (ESHB) No. 1086, now codified as
Chapter 90.76 RCW, required Ecology to develop and adopt UST rules as
stringent as the USEPA regulations. The rules, Chapter 173-360 WAC,
were filed by Ecology on November 28, 1990.

Unlike the USEPA UST program, a funding mechanism has been
established for the Ecology program. RCW 90.76 requires UST owners to
pay an annual fee of $75 per tank each year.

Under RCW 90.76, Ecology is encouraged to delegate part or all of the
State UST programs to a city, town, or county upon request from the local
jurisdiction. Ecology must be satisfied that the city, town, or county
requesting delegation can adequately enforce the regulations and has
sufficient resources to implement the program. The delegation agreement
will also include an identification of fee distribution ratio between Ecology
and the city, town, or county assuming responsibility for the program.

Local UST requirements more stringent than State rules can be
implemented in Environmentally Sensitive Areas (ESAs) designated by
Ecology (after being proposed by local jurisdictions). A supplementary
local fee, not to exceed 50 percent of the State fee, may be imposed in
ESAs with more stringent rules, if such fees are necessary for enhanced
program administration and/or enforcement. The supplementary local fee
must be authorized by Ecology.

ESAs are portions of the State that possess physical characteristics that
make them especially vulnerable to releases from USTs. A city, town, or
county can petition Ecology to have an area within its jurisdiction
designated as an ESA. If a single ESA is located in more than one
jurisdiction, such as two different cities or one city and a county, the
jurisdictions can jointly request that Ecology designate the area as
sensitive.
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An ESA designation under Chapter 90.76 RCW is not synonymous with
an ESA designation under WAC 197-11-908 of the State Environmental
Policy Act (SEPA), although the same single area could be designated as
an ESA under both Chapter 90.76 RCW and SEPA. Designation under
Chapter 90.76 RCW affects only the construction and operation of USTs,
while designation under SEPA can affect a much broader range of land-
use activities.

The rules (WAC 173-360-510 through -530) for establishing ESAs under
Chapter 90.76 RCW are somewhat unclear. The implication under WAC
173-360-510(3)X(d) is that the Clark County Ground Water Management
Area (GWMA) could, in total, automatically qualify as an ESA; yet, WAC
173-360-510(4) requires compliance with WAC 173-360-530 which
includes a very rigorous set of criteria for establishing an ESA. The tone
of WAC 173-360-530 seems to require that the need for more stringent
UST requirements must be well documented.

The existing Ecology program for USTs is comprehensive under Chapter
173-360 WAC. Among other things, the regulations require examination
and licensing for firms and persons involved in UST-related activities.
Some of the activities that must be done in the presence of licensed
personnel are:

O Installing tank and associated piping (all facets);
0 Retrofitting existing tanks to meet new requirements;

Q Installing and testing cathodic protection systems and release
detection equipment;

Q Testing of tank and piping tightness;

QO Decommissioning including excavating around the tank, tank purging,
removal of sludge and vapors, and removal of the tank.

Owners of all tanks covered by the regulations must apply for and obtain
an annual permit in order to operate. Permit requirements include: (1) a
properly completed installation checklist filled out by an Ecology-licensed
installation supervisor; and, (2) certification of compliance with corrosion
protection of tanks and piping, financial responsibility requirements, and
release detection requirements.

Owners or operators of existing tanks must notify Ecology of the tank(s),
and along with owners and operators of new tanks, must annually certify
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compliance with the requirements of the regulations in order to obtain the
subsequent year's operating permit. Permits may be revoked for non-
compliance and penalties may also be levied against persons who violate
regulations. It is illegal for suppliers to deliver a product to a tank unless
a valid permit is displayed. It is also illegal to deliver a product to a tank
known to be leaking.

Authorized representatives of the State may gain access to the premises
for inspection of records, to sample, or otherwise monitor operation.

Performance standards are provided for new tanks. Existing tanks must
upgrade according to a schedule.

In addition to the above, there are programs in existence at both a federal
and State level intended to assure cleanup of releases of contaminants
from USTs. Section 205 of the Superfund Amendments and
Reauthorization Act of 1986 created an Underground Storage Tank Trust
Fund intended to pay for the cleanup of releases of hazardous substances,
including petroleum products, from USTs. The fund, administered by the
USEPA Office of Underground Storage Tanks (OUST), made a total of
$500 million available over a five-year period which ended in 1992. The
life of this fund was recently extended by Congress for an additional five
years.

The fund is intended to support cleanup of LUSTs in cases where no
financially solvent owner/operator can be identified, where the
owner/operator refuses or is unable to promptly respond to the problem, or
where an imminent hazard to public health or the environment exists.
The fund also provides financial assistance to State governments for
development of State LUST response programs.

Ecology received assistance from the fund to develop this State's LUST
Program, which was finalized in September of 1989. Ecology currently
uses money from the fund to offset salaries and related expenses for the
State LUST Program.

Releases of hazardous substances from USTs in this State are currently
addressed by Ecology through oversight of voluntary cleanup actions by
tank owners or through enforcement actions under the Washington Model
Toxics Control Act passed by the voters as Initiative 97 in 1988. One of
the main purposes of this act was to raise sufficient funds to clean up all
hazardous waste sites in the State. The bulk of the revenue is generated
through a tax on industry. The act creates the Toxics Control Account
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and describes the many possible uses of revenues, one of which is funding
for the Ecology LUST Program cleanup activities. In cases where a
financially solvent owner/operator cannot be identified or is unwilling to
undertake appropriate cleanup actions, Ecology will directly undertake
the cleanup of a site under this Act. If a financially solvent responsible
party can be identified, Ecology will seek to recover costs incurred in any
cleanup action.

It is important to note that the above State and federal UST regulatory
programs do not cover all USTs. Notable exceptions are:

O Farm or residential UST systems of 1,100 gallons or less capacity used
for storing motor fuel for non-commercial purposes.

Q UST systems used for storing heating oil for consumptive use on the
premises where stored, except that systems with a capacity of more
than 1,100 gallons have a reporting requirement.

(1 USTs with a capacity of 10,000 gallons or less are exempted from
environmental review under SEPA.

However, the first two exceptions noted above are subject to local
regulatory authority under Article 79 of the Uniform Fire Code (UFC)
which has been adopted by Clark County Ordinance.

Additionally, Ecology has developed a six-page informational document on
Unused Underground Residential Heating Qil Tanks including
considerations for operational home heating oil tanks.

Installation and removal of abandoned home heating oil tanks is
regulated by the Clark County Fire Marshal's Office, local fire districts,
and cities under Article 79 of the UFC. The UFC requires that tanks
which have been unused longer than a year be properly closed in a
manner approved by the appropriate fire official. The Clark County Fire
Marshal's Office is a part of the County's Department of Community
Development. The public is generally unaware of home heating oil UST
regulations, and general enforcement of Article 79 relating to these tanks
is not rigorous; and inspections of operational tanks is minimal.

For aboveground storage tanks, existing controls consist of local and State
fire regulations, and State and federal contingency planning
requirements for large bulk petroleum storage.
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Landfills - A portion of the RCRA statute covered the more traditional
solid waste stream. Activity under that portion of the statute, however,
has lagged behind the actions of Ecoclogy under the State's solid waste
legislation (Chapter 70.95 RCW). Ecology has developed "Minimal
Functional Standards” (Chapter 173-304 WAC) which require lined
landfills, leachate collection, and a variety of measures which Federal
rules have only recently required. Consequently, Washington is generally
ahead of many parts of the nation in environmental protection from
landfill operation.

The result has been a decrease in the risk these operations pose to
groundwater. Once past operations are properly closed, the risk will be
even further reduced. Actually, all non-conforming landfills should have
been closed or in the process of closing by October 1989.

Under the State Solid Waste Laws, local governments are charged with
administration of the Solid Waste Regulations as they apply to landfills
and transfer stations. This function has been handled by local health
districts and departments throughout Washington.

Currently in Clark County, site compliance is good. All operating
landfills are in compliance with standards or are operating under
compliance schedules issued by the Health District or Ecology.

Comprehensive Environmental Response, Compensation and Liability
Act - CERCLA (Superfund)/Model Toxics Control Act (MTCA)

The Federal "Superfund” legislation of 1980, CERCLA, was created to
assure that the nation's worst contaminated sites were cleaned-up. It has
received considerable attention because of the large, highly toxic
contamination it has addressed (e.g. Times Beach and the Love Canal). It
has also received considerable criticism with reports of lack of progress
despite the considerable "fund" which was available and being spent.

Regardless of the criticism, it was clear from the inception of the
Superfund program that there were more contaminated sites than the
fund, and USEPA, could reasonably manage. Many would simply not get
attention because of their size and consequent lower priority.
Washington, for example, had over 500 contaminated sites listed by the
middle of the 1980s. In response to the need, Washington began a State
clean-up effort in the early 1980s. This effort was largely funded by
general tax revenue, and because of the limited funding was targeted to
only a few sites. The Legislature subsequently responded by providing a
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"State Superfund” legislation which was followed within two years (1988)
by the Model Toxics Control Act - an initiative from the people (Initiative
97).

While the procedural details of these State programs have differed, the
thrust has been to make progress on what has become a list of over 900
sites in Washington. In theory, the RCRA and Dangerous Waste
programs would prevent any new sites from being developed, and the
clean-up programs would reduce the past practice threat.

Two factors have caused the number of sites to increase from nearly 500
in the late-1980s to over 900 currently. First, there has been a continual
"discovery" of sites which were previously unknown to the regulators.
Second, there have been incidences of spills, fires, and chemical
applications which have increased the number of sites.

The Federal process is limited. Only sites which rank high in the Hazard
Ranking process can be nominated for the National Priority List (NPL).
That process alone is lengthy. Further, USEPA expenditure of Superfund
money is largely limited to these "NPL sites." The State has instituted a
similar, but less lengthy process to prioritize its sites, and can generally
take action more quickly. Nevertheless, progress is relatively slow.

Many sites are receiving "independent” and voluntary attention by the
owners or "responsible parties” as a matter of necessity to make fairly
immediate use of the land, or as a mechanism to limit further liability.
‘Ecology's involvement has been limited due to their need to focus on the
higher priority sites.

Both the State and federal processes can, and have, become bogged down
in legal maneuvering. The stakes, in terms of clean-up costs and liability,
are generally high and each action is considered from legal and technical
angles before action. From the perspective of the involved parties, this is
prudent. From the viewpoint of concerned citizens and interest groups,
the process is painfully slow.

LUSTSs are handled in a separate (from the USTs or non-leaking tanks)
regulatory approach by the federal and State Governments. Both USEPA
and Ecology have programs for cleaning up LUSTs (described above). For
USEPA, this has largely been a funding program to states to implement
clean-up programs. For Ecology, the program has involved regulation
development, reporting requirements, and clean-up standards.
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At the local level, there are no programs that deal with contaminated sites
with the exception of underground tank programs in some areas of the
State. Jurisdiction for LUSTs continues to rest with Ecology for tanks in
Clark County. The Southwest Washington Health District, however, is
involved in location and oversight of the treatment of petroleum
contaminated soils.

Superfund Amendments and Re authorization Act of 1986 (SARA) Title
i

The Superfund Amendments and Reauthorization Act of 1986 (SARA)
contained numerous sections or titles. One section contained, as
indicated, the basic amendments to the Superfund program. Another
section, Title III, contained provisions for "Community Right to Know"
and Emergency Response.

Community Right to Know - Under the terms of this section, entities
handling hazardous materials come under varying levels of reporting
requirements in an attempt to let the community (especially emergency
response groups and agencies) know the types and amounts of chemicals
on hand. "Reportable Quantities” vary from chemical to chemical and can
go as low as one pound. In addition, these businesses or companies must
report annually on any releases, accidental or process related, of these
chemicals to the environment. Reporting thresholds here are much lower.
USEPA keeps a data base of releases.

Clark County has created a Local Emergency Response Committee and
has an Emergency Response Coordinator on staff. Part of this
committee’s function is to assimilate information on chemical use and
release in the County and make this information available to the public.

Emergency Response - In an attempt to improve emergency response, an
emergency response organization was required for each State. In
Washington, the ground level of this structure is a County or local
emergency response committee.

Through the Local Emergency Planning Committee, topics such as
training, chemical storage, and incident response are discussed. In this
manner, close coordination in the event of a release or spill is enhanced.

Clark County does have well trained first responders in their local fire
departments and districts. Locally, Fire District Five is recognized as the
local hazardous materials response organization and responds on request
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to virtually all areas of the County. The Incident Command Agency for
hazardous material spills, however, depends on where the spill occurs. In
all cases, except State highways, the local fire district is the Incident
Command Agency. For State highways, the State Patrol serves this role.

Under Section I of SARA, there were provisions for worker protection
relating to emergency response. These provisions are mentioned here
because of the connection between worker safety, training, and
contingency planning. Federal and State rules require any business
which handles hazardous materials to provide training for their workers
in emergency response. The training is required at differing levels
depending on the level of emergency response expected from the worker.,

Many businesses are unaware of these recent requirements. With
guidance, businesses could easily develop a coordinated program to meet
standards for worker protection, worker right to know, and contingency
planning., Most of all, these efforts will greatly reduce the risk to workers
and the environment - including groundwater.

Transportation - Labellng, Placarding, Shipping Papers

U.S. Department of Transportation (DOT) regulation of the
transportation of hazardous materials is focused on three areas: labeling,
placarding, and shipping papers (Manifests). DOT has very specific
requirements for labeling of hazardous materials. Further, vehicles
carrying these materials must be placarded with the appropriate DOT
signage. Recent changes to DOT regulations require emergency
information to be placed on shipping papers (such as a phone number
where 24-hour emergency response information is available) and that
emergency response information be maintained in the vehicle. (Generally

a copy of the DOT publication Emergency Response Guidebook).

Hazardous wastes (under RCRA) utilize a specific manifest form which
was developed to track waste material from point of origin to disposal.

There are no programs to provide notification to local government of
special hazards related to transport of materials. The question is: Is it
practical to have such a notification system? Perhaps not. However, an
inventory of the types of materials typically traveling along the highways
of Clark County could provide guidance as to the level of concern certain
materials might represent.
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Fire Regulations

State and local fire regulations can help regulate amount and type of
hazardous materials stored at any location. For example, above ground
storage of gasoline is generally prohibited in most counties. Under the
Uniform Fire Code (Articles 79 and 80), heating oil tanks which are not in
use must be closed, and spill prevention measures need to be taken for
storage of materials above ground. Instances of chemical fires, injuries,
evacuations, and environmental contamination have led to regulations
covering the manner in which specific types and amounts of chemicals,
such as pesticides and fertilizers, are stored.

5.3.3 Cooperative/Voluntary

A powerful adjunct to regulatory programs are the endless variety of
creative educational, informational, preventive, and response oriented
programs which have been, and continue to be, developed at all levels of
government. Implementation funds have been, and are, the limiting
factor. But despite the scarcity of funds, several programs are directly
reducing risk to groundwater and are described in the following
paragraphs:

Ecology Help/Education

Ecology has provided a variety of educational materials pertaining to
hazardous materials management and compliance with hazardous waste
regulations, underground tank rules, and general environmental
protection. In addition, they have offered help to business in recycling
efforts. Recently, they have offered a pilot program to help several
businesses’ model Waste Reduction Plans required under the Hazardous
Waste Reduction Act (1990).

Spill Response

The effectiveness of spill response is often tied to the cooperative efforts,
capability, and training of the "First Responders." Depending on the
event timing and location, this is usually the local fire department, the
local police, or the State Patrol. Their primary mission is human safety,
but closely related is environmental protection.

These responders often have the task of taking immediate action to
protect the environment from chemical contamination. Further, their
immediate action can effectively reduce risk or increase risk to
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groundwater depending on their initial decisions. For this reason,
response training is critical.

The level of environmental protection training offered to these first
responders has varied from place to place in the State. The more rural
areas generally have more difficulty with these preparedness issues than
the urban areas. Volunteer emergency and fire responders are used more
than the professionals. Consequently, a preparedness gap may exist.

Generally, environmental protective measures and clean-up is left to
specialty contractors or secondary responders. Ecology has spill response
staff in their four regional offices, but their capability is limited. If they
respond, they have a dual role of regulatory enforcement and emergency
response. When they respond, Ecology generally relies on specialty
contractors to take mitigative action, especially in large spills.

More detail on spill response can be found in Section 7.
Water Supply Contingency Planning

During the development of Water System Plans, some contingency
planning is required to determine the adequacy of source and storage.
The requirements are those of the Department of Health (DOH) and
basically call for enough supply to meet demand with the loss of the
largest source in the system. This level of contingency planning has the
weakness of not preparing for the loss of multiple sources and dealing
with both short and long term scenarios.

Emergency Planning and Response

Many large and small businesses have recognized that emergency
preparedness is in their best interest. In many cases it is required. Many
small businesses have undertaken "Worker Right to Know" programs
which include emergency response elements. Efforts to educate small
businesses would benefit from more focus, money, and government
outreach efforts.

Household Waste Disposal

Many local governments have developed programs for handling
"household hazardous wastes" recognizing the need to prevent these
materials from entering the environment. Some communities have had
special "Hazardous Waste Days" while others provide routine handling at
their local landfill. This is especially true in Clark County.
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Southwest Washington Health District, the County, and waste disposal
companies sponsor "Household Hazardous Waste Collection Days"
throughout the year at specified locations. The Health District also
undertakes special events for small quantity generators as part of their
"Moderate Risk Waste Program” which has been partially funded by grant
dollars from Ecology.

Streambank Stabilization Efforts

During 1992 and 1993, CPU initiated a program to help with streambank
stabilization within the Salmon Creek Basin. This effort also focused on
stream fencing where livestock threatened the stability of the bank and
also contributed to nutrient levels in the stream. Working cooperatively
with the Soil Conservation Service, the local Conservation District, and
Fish and Wildlife agencies, CPU achieved fencing or other stabilization
measures on over 5,000 feet of stream channel. _

5.3.4 Public Involvement/information and Education/Planning
Moderate Risk Hazardous Waste Programs

The Southwest Washington Health District has undertaken an
information program targeting small business. Under a grant from
Ecology, this Coordinated Prevention Program offers information and
business "audits” on request. In addition, efforts are being made to work
with other Ecology information and outreach programs, and provide
curriculum materials for schools. This program could easily be expanded
with additional money and staff to become a very complementary
program, and alternative to, regulation.

Environmental Education

CPU has been working with area schools to provide tools, information,
and assistance in environmental education. These efforts have included
providing water quality test kits, fish rearing equipment, and field
assistance. The efforts have been well received and there appears to be
opportunity for expansion of efforts and development of on-going
programs. Salmon Creek has been recognized and targeted by the
Northwest Watershed Alliance for possible funding and program
development.
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Groundwater Management - Clark County Ground Water Management
Plan

In 1986, Clark County petitioned Ecology to become a Ground Water
Management Area and thus become eligible for funds to help create a
Ground Water Management Plan (GWMP). The County was granted the
designation and awarded funding. Since 1987, the GWMP has been
under development. It is currently in its final draft form and undergoing
review for approval and certification by Ecology.

The effort to create this plan reflects a significantly cooperative effort by
virtually all government, interest groups, and the public. The draft
document contains issue papers on all key groundwater threat areas and

institutional issues. The plan calls for programs or action in twelve areas
outlined below and further delineated in Table 5-1:

Commercial and Industrial Hazardous Material Management
Management of Groundwater Water Resources
Groundwater Availability and Water Rights
Septic Systems

Municipal Sludge

Stormwater Runoff

Landfills

Animal Waste Disposal

Pesticides and Fertilizers

USTs

Improperly Constructed and Abandoned Wells
Groundwater Education and Outreach

ooo000o0doDOoo

5.3.5 Data Gathering
Salmon Creek Memorandum of Understanding

CPU, the County, DOH, and Ecology have been cooperatively working to
improve the collective knowledge of groundwater and surface water
resources in Clark County. Since 1992, under the auspices of a
Memorandum of Understanding, data activities have been accelerated,
coordinated, and focused on the Salmon Creek Drainage. In conjunction
with Wellhead Protection Planning by CPU, additional monitoring wells
have been drilled, groundwater monitoring has expanded, and
geohydraulic testing has been undertaken.
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Table 5-1
Groundwater Management Strategies

Commercial and Industrial Hazardous Material Management
Implement site design review procedures
Develop siting limitation in aquifer sensitive areas
Increase water quality monitoring
Businesses that handle hazardous material
- Waste collection - drop-off stations
- Waste collection - mobile units
- Tracking and reporting system
E. Accidental Spill Management Program
Management of Groundwater Resources
A. Form an organizational structure to manage groundwater in Clark County
Groundwater Availability and Water Rights
Develop a groundwater monitoring program
Establish maximum decline limits
Investigate groundwater availability
Research groundwater recharge methods
Establish conservation measures
Establish a water user data base
Develop an emergency response plan
Septlc Systems
A. Develop educational program
B. Property transfer inspections
C. Extend sewer services
D. Mandate County-wide septic system maintenance
Munieipal Sludge
A. Establish sludge management advisory committee
B. Develop a comprehensive siludge management plan
Storm Water Runoff
A,  Monitor effects of storm water runoff
B. Develop educational and outreach programs
C. Develop a comprehensive storm water management program
Landfiils
A. Groundwater monitoring
B. Training and education
C. Increase enforcement of landfill operating requirements
D. Landfill closing and maintenance
E. Real estate transaction inspections
Animal Waste Disposal
A. Research current practices and BMPs
Pesticides and Fertilizers
A.  Develop education programs
B. Increase monitoring and testing
C. Restrict pesticidesfertilizers in wellhead protection areas and aquifer vulnerable areas
Wells Improperly Constructed and Abandoned Wells
A Require property transfer inspections
B. Require site plan approval conditions
C. Limit construction of new wells
D. Establish well location/status program
E. Develop training and educational programs
Groundwater Education and QOutreach Grant
A. FEnhance local groundwater education and outreach

oowp

- QEEDORP
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Groundwater Levels and Groundwater Quality

In addition, CPU has analyzed data and samples collected from over 4,300
private wells for several key water quality parameters (nitrate, bacteria,
iron, manganese, specific conductance) in 1989.

Surface Water and Stormwater Quality

The County Department of Trade and Economic Development also has
stormwater and surface water sampling programs on-going throughout
the County.

Threat Categories - Existing and Proposed Protection Measures 5-24



Section 6

S NS I N I O W B N N B SR BN TS S W aE W e
™



December 30, 1994

Section 6
Contingency Planning

6.1 Introduction

Clark Public Utilities (CPU) updated its Water System Plan (WSP) in 1994.
During that process, overall source and storage of the system was examined to
assure that the minimum Department of Health (DOH) standards were met.
This analysis involved:

Q Identification of the maximum water system capacity in relation to source,
distribution system, and water rights restrictions. (Assumes the loss of
largest well/wellfield).

O Evaluation of the expansion options of the existing system's capacity to meet
current water rights/availability.

The 1986 Amendments to the Safe Drinking Water Act (SDWA) specified that
State programs require public water systems to develop contingency plans for
the location and provision of alternate drinking water supplies for each public
water system in the event of well or wellfield contamination. (Subsection 1428
(a)(56)). Consistent with that requirement and according to the "Proposed
Wellhead Protection Program”™ prepared by DOH, additional contingency
planning will be required as part of all WSPs pursuant to WAC 246-290-100 and

- the Small Water System Management Program under WAC 246-290-410.

Further analysis to meet these and Wellhead requirements will necessarily
include:

O Identification of existing or potential interties with other public water
systems and evaluation of the ability to deliver water assuming loss of the
largest well/wellfield.

Q Evaluation of current procedures and development of recommendations on
contingency plans for emergency events.

O Identification of future potential sources of drinking water and description of
quality assurances and control methods to be applied to ensure protection of
water quality prior to utilization as a drinking water supply.

U Maintenance of a current list of appropriate emergency phone numbers.
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6.2 Water System Capacity (Water System Plan Discussion)

A drawing of the CPU's existing major facilities, including wells, storage tanks,
booster pump stations, pressure reducing valve, interties, and transmission
piping, is provided as Exhibits 6-1 and 6-2 (at the end of this section) for the
Hazel Dell area and for the Hockinson/Lewis River area, respectively. A
schematic of the different pressure zones in Hockinson/Lewis River area is also
provided as Exhibit 6-3 (at the end of this section).

6.2.1 Source of Supply

CPU depends on groundwater for its primary source of supply. The wells
are located throughout the area. See Exhibits 3-1, 6-1, and 6-2 for the
location of the CPU’s existing wells, and refer to Table 3-1 for detailed
information on each well.

CPU has sixteen operating wells in its Hazel Dell area. The combined
maximum capacity of all Hazel Dell wells is approximately 9,200 gpm
(13.3 MGD).

There are six active wells in the Hockinson/Lewis River area. The
combined capacity of all eight Hockinson wells is 2,062 gpm (2.97 MGD).

6.2.2 Storage

CPU's water system is comprised of six reservoirs in the Hazel Dell area,
and eleven reservoirs, plus one pressure tank in the Hockinson and Lewis
River areas (refer to Exhibits 6-1 and 6-2 for the location of each
reservoir). General information, including location, site dimensions, year
built, base and overflow elevations of reservoir, minimum operating level,
and total storage volume, is listed in Table 6-1. Table 6-2 provides
additional design and operating parameters, including dimensions of
reservoir; gallons of water stored per foot of height; the maximum usable,
operating, and total volume of reservoirs; and, type and size of altitude
control valve. The maximum usable volume is based on the amount of
water stored in the reservoir, capable of serving customers at the same
elevations as base of reservoir at 30 psi. The maximum operating volume
is based on the minimum operating level specified by the CPU in Table 6-
1.
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Table 6-1
Storage Tank Inventory
(General Information)
Site Base Overflow Minimum Total
Dimensions Year Elevation Elevation Operating Volume
No. Reservoir Location (feet) Built (feet) (feet) Level (feet)} (gallons)
Hazel Dell Area
1 Ludlum Hill 68th St. @ 14th Ave. 192x 205 1966 317.00 385.00 0 500,000
2  Pfeifer 3510 NE %8th St. 120 x 120 1981 306.00 385.00 0 2,000,000
3A Lakeshore No. 1 NW 111th St. @ 24th 170 x 132 1969 260.00 385.00 69.3 500,000
Ave,
3B Lakeshore No. 2 NW 111th St. @ 24th 170 x 132 1976 260.00 385.00 €9.3 1,600,000
Ave.
Vista Park 25th Ave. @ 15Tth St. 171x 212 1987 363.00 385.00 0 3,000,000
Clair Tittle 2701 NE 159th St. 200 x 200 1978 432.00 516.00 0 760,000
Subtotal Hazel Deil 8,260,000
Heckinson/Lowis
Biver
101  Steel NE 192nd Ave., S.of 50x50 1968 521.85 537.85 0 59,000
164th St.
102 Little East NE 169th St., NE 230 30x 30 1968 69841 707.03 0 9,900
Ave.
103 Griffels Hill NE 139th St., 222nd 75x 124 1971 689.54 706.04 0 55,800
Ave,
104 Elkhorn NE Elkhorn Dr., S. T4 x 125 1977 983.85 992.27 Q 19,700
Rawson Rd.
106 Armstrong NE 219th St., E. of b0 x 125 1972 850.77 871.60 0 73,000
249th Ave.
106 Cresap NE Allworth Rd., 60 x50 1972 6598.36 T07.06 0 29,400
232nd Ave.
107 Tukes NE 219th St., E. of 50 x50 1975 513.04 5562.54 0 157,000
249th Ave,
109 Lower Basket Flats N.ofNE 279%th & NE 76x 125 1978 661.80 71113 0 115,000
192nd Ave.
110 Lower Valley View  NE 140 Ave,, N, of 68 diameter 1978 688.76 T704.27 0 64,000
Mtn. View Rd.
111 Upper Valley View NE 140 Ave., N. of 60x 80 1978 749.30 809.13 26 68,800
Mtn. View Rd.
112 Upper Basket Flats NE 284thSt,E.of 80z 80 1980  88L10 92130 20 46,000
197th Ave.
Subtotal Hockinson/ 697,600
Lewis River
Total Clark Public 8,947,600
Utilities
Contingency Planning 6-3



December 30, 1994
Table 6-2
Storage Tank Inventory
(Maximum Usable, Operating, and Total Volume)
Total Altitude
Dimensions (feet) Gallons/Ft  Operating Volume Control
Reservoir Height Diameter of Height Volume(l) (gallons) Valve/Type
Hazel Dell Area
Ludlum Hill 68.00 34.25 6,890 500,000 (D 500,000 10"/Clayton
Pfeifer 80.00 64.00 24,070 2,000,000 (1 2,000,000 6"/Clayton
Lakeshore No. 1 125.00 26.00 3,970 221,130 500,000 6"/Clayton
Lakeshore No. 2 125.00 45.00 11,900 662,830 1,500,000 10"/Clayton
Vista Park 24.00 148.00 128,615 3,000,000 (0 3,000,000 10"/Clayton
Clair Tittle 84.00 39.00 8,940 750,000 (1 760,000  8"/Muesco
Subtotal Hazel Dell 7,133,960 8,250,000
Hocki Lewis Ri
Steel 16.00 25.00 3,670 59,000 (1 59,000 6"/Clayton
Little East 8.60 14.00 1,150 9,900 9,900 3"/Clayton
Griffels Hill 16.50 24.00 3,380 55,800 (1) 55,800 4"/Brooks
Elkho 8.40 20.00 2,350 19,700 O 19,700 None
™m
Armstrong 20.80 24,50 3,510 73,000 73,000 None
Cresap 8.70 24.00 3,380 29,400 20,400 6"/Clayton
Tukes 39.50 26.00 3970 157,000 157,000 6"/Clayton
Lower Bagket Flats 49.30 20.00 2,360 115,000 (1 115,000 6"/Clayton
Lower Valley View 15.50 26.50 4,130 64,000 (D 64,000 6"/Clayton
Upper Valley View 59.80 14.00 1,150 29,900 68,800 None
Upper Basket Flats 40.20 14.00 1,150 23,000 46,000 None
Subtotal 635,700 697,600
Hockinson/Lewis River
Total Clark Public 7,769,660 8,947,600
Utilities

The CPU has four interties with the Cities of Vancouver, Battle Ground,
Meadow Glade, and La Center. Note: This evaluation was completed as

Contingency Planning

6-4



December 30, 1994

part of CPU’'s Water System Plan (1994). In the last few months, CPU as
assumed operation of the water systems of LaCenter and Meadow Glade.
Demand forecasts, therefore do not reflect these recent changes. Source,
storage, and hydraulic analyses similarly do not reflect these additional
system needs. However, together, both of these systems represent a small
proportion of the total service area and customers of CPU. The following
analysis should therefore be sufficient for the purposes of this wellhead
plan and until such time as CPU's WSP can be updated (approximately
1996).

6.2.3 Booster Pumps and Pressure Reducing Valves

Due to the wide range of elevations in the CPU’s service area, the CPU
has a large number of booster pump stations (BPS) and pressure reducing
valves (PRV), as shown in Exhibits 6-1 and 6-2. Tables 6-3 and 6-4
provide an inventory of all BPSs and PRVs in the Hazel Dell and
Hockinson/Lewis River areas. As shown in Table 6-3, there are six BPSs
with a total of eleven pumps in Hazel Dell, and fifteen BPSs with a total
of eighteen pumps in Hockinson/Lewis River areas. The combined total
pumping capacity of all BPSs is 8,860 gpm (12.76 MGD). As shown in
Table 6-4, there are four PRVs in the Hazel Dell area, and nine PRVs in
the Hockinson/Lewis River areas.

6.2.4 Transmission and Distribution

The CPU maintains over 300 miles of transmission and distribution
piping. Listed in Table 6-5 are estimated pipe lengths ranging in size up
to 20 inches in diameter. The predominant pipe material used in the
system is PVC, although some AC and steel is also used. The inventory of
pipe is from the hydraulic models and does not include some of the
smaller diameter pipe. A program is underway to systematically remove
AC pipe on a multi-year schedule.

6.3 Evaluation of System Expansion Options with Existing
Sources
6.3.1 General
Projections of additional source requirements were based on projected
customer growth and peak day demand projections, less existing source
capacity. Table 6-6 details the projected source requirements for the
Hazel Dell and Hockinson/Lewis River areas through the year 2010.
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Table 6-3
Booster Pump inventory
Base Maximum
Pump Motor  Elevation Horsepower Capacity TDH Year
No. Location Mfy. Mfg. (feet) {gpm) _ (feet) _ Installed
Hazel Dell Area
3 NE 159th St. at 26th Ave, Layne & Bowler U.S. 160 60 900 228 1987
Electric
4A 2700 NE 159th St. G.E. Cornell 380 3 260 60 1969
4B 2700 NE 159th St. Century Electric = Cornell 380 15 400 90 1959
4C 2700 NE 169th St. Century Electric  Pacific 380 10 600 66 * 1959
Pumping
4D 2700 NE 159th St. Century Electric  Pacific 380 10 600 55 1959
Pumping
BA 15813 NE 10th Ave. at Aurora Baldor 190 50 1,000 133 1981
159th St.
6B 16813 NE 10th Ave. at Berkley Baldor 190 10 250 87 1987
159th St.
6A 3600 NE 99th St. Marathon Electric Armstrong 240 20 1,260 45
6B 3600 NE 9%th St. Marathon Electric Armstrong 240 20 1,250 45
Subtotal Hazel Dell 6,600
101 NE 164th St. at 192pd Ave. Cornell G.E. 510 51 30 210 1966
102 Griffels Rea/NE 139th St. @ Submersible Jacuzzi 440 5 40 332 1978
approx.
222nd Ave. -
103 Allworth Rd. at 20925. Cornell GE 590 25 250 200 1985
104 Lower Valley View Res/NE Jacuzzi Century 750 5 80 140 1978
140 Ave., Pump
N. Maple View Road
1068 NE 144th St. at NE 182 Jacuzz Baldor 490 16 125 240 1981
Ave.
107 NE 169th St. @ Baker Cr. Emerson Jacuzzi 400 05 10
Rd.
108 NE 224th Ave. & Finn Hill G.E. Jacuzzi 620 3 50 92 1986
Rd
109 NE112th Ave. @ 119th St. Century Jacuzzi 280 60 500 285
110A NE 332nd 5t., E. 161st Ave. Century Jacuzzi 510 3 60 140 1088
110B NE 332nd St., E. 1613t Ave. Century Jacuzzi 510 & 60 140 1088
111 NE Allworth Rd. @ Well Century Jacuzzi 630 5 80 140 1988
#104
112 NE 169th St. @ 230th Ave, Berkley 700 7.5 5O 100 1988
113A NE Elkhern Dr. & Rawson Cornell Cornell * 920 7.5 60 200 1988
Rd.
113B NE Elkhorn Dr. & Rawson Cornell Cornell + 920 10 120 200 1988
Rd.
113C NE Elkhorn Dr. & Rawson Cornell Cornell + 920 10 120 200 1988
Rd.
114  NE 240th Ave. & Berry Rd. Berkley Berkley + 790 76 60 250 1988
116 NE 279th St. @ 192nd Ave, Grundfos Grundfos 683 b 50 260 1988
(Basket Flat Res.)
Subtotal Hockinson/Lewis River 1,726
Total Clark Public Utilities 8,226
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Table 6-4
Pressure Reducing Valve inventory
Base
Elevation Size Discharge Year
No. Location (feet) @in.) Mfg. (psi) Installed
Hazel Dell Area
1 15604 NE 25th Ave. 360 6 Clayton 40 1979
2 NE 154th St. @ NE 22nd Ave. 350 6 Clayton 55 1979
3 Clayton 55 1979
3 15103 NE 29th Ave. 350 8 Clayton 45 1979
4 2916 NE 160th St. 350 6 Clayton 40 1980
3 Clayton 40 1980
5 16317 NE 29 Ave. 310 8 Clayton 50 1991
101 NE 144th St. east of 182nd Ave. 450 + 2 Baily NotinUse 1970
102 NE 242nd Ave. north of 209th 557.9 2 Brooks 58 1972
St.
11/4 Spence 1972
103 Canyon Rd. west of 232nd Ave. 560 2 Cal-Val 45 1972
11/4 Spence 1972
104 NE 202nd Ave. north of 189th 560 11/2 Spence 45 1970
St.
105 NE 184th St. west of 182nd 357.09 212 Clayton 77 1972
Ave.
11/4 Spence 1972
106 NE Risto Rd. west of 212th Ave. 407.07 2 Clayton 55 1972
11/4 Wilkins 1972
107 NE 219th Street west of 182nd 508.97 3 Clayton 25 1972
Ave,
2 Clayton 1972
108 (Inactive?) Not in Use?
109 NE Cole Witter Rd. ? 4 ? 50-70 1989
110  Allworth Rd. and NE 229 St. 56 1990
111 Mason Creek Rd. 2 Watts 50 1992
112 Lockwood Creek @ NE 40 Ave. 2&6 Watts 50 1992
113 Lockwood Creek @ La Center 2&6 Watts 50 1992
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Table 6-5
Inventory of Pipe*
Hazel Dell Water System Hockinson Water System
Length Of Pipe In Model Length Of Pipe In Model
Diameter Length Diameter Length
(in) (v {in) (ft)

2 1,423 2 11,615
4 86,813 4 99,770
6 130,008 ' 8 191,370
8 145,306 8 38,350

10 70,845

12 89,201

14 10,802

16 3,205

18 1]

20 901

These projections are graphically depicted on Exhibit 6-4 (at the end of
this section) and compared to existing supply capacities. Assuming
production at maximum capacity, there is adequate source for the overall
system through 1995. Table 6-6 shows a need for additional source
capacity of 11.42 MGD for the area by 2010. A cumulative total of 8.34
MGD and 3.08 MGD in new sources will be needed for the Hazel Dell and
Hockinson/Lewis River areas, respectively. Ten to twelve wells with
capacities between 500 and 600 gpm would satisfy all projected future
source requirements through 2010 for Hazel Dell, and three to four for
Hockinson

It should be noted that these calculations have assumed wells are
producing at routine capacity, not the maximum capacity. It is known
that the wells in the Hockinson/Lewis River area can not produce as much
water on a continuous basis as their maximum installed pumping
capacity. Therefore, additional source investigation and development
(drilling up to three wells per year) has been identified. They are
recommended for reasons listed in subsequent paragraphs to further
improve system reliability and increase flexibility in providing high
quality water supplies. The selected location for future sources will also
influence the storage needs.
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Table 6-6
Q Projected Source Requirement
g MGD GPM
E 1990 1995 2000 2005 2010 1990 1995 2000 20056 2010
3 Hazel Dell Area (1)
‘E Total Population 39,110 45,457 52,954 61,687 71,860 39,110 45,467 52,954 61,687 71,860
‘g- Population Served 28,304 34,847 42,623 52,120 63,681 28,304 34,847 42,623 52,120 63,681
1 % of Service Area Population 83 83 83 83 83 83 83 83 83 83
'E Peak Day Demand 10.27 12.69 15.51 18.97 28.15) 7133.00 8809.00 10774.00 13175.00 16074.00
Loss Existing Source
Capacity (Normal Pumping) (3) 14.81 1481 14.81 14.81 14.81 10,285 10,285 10,285 10,285 10,285
Cumulative Source Surplus/
{Deficiency) 4.54 2.12 -0.70 4.16 -8.34 3,152 1,476 -489 -2,890 -5,789
Hocki S (2)
Total Population 7,905 9,310 10,846 12,636 14,718 7,905 9,310 10,846 12,636 14,718
Population Served 5,721 7,137 8,730 10,170 11,847 5,721 7,187 8,730 10,170 11,847
% of Service Population 17 17 17 17 17 17 17 17 17 17
Peak Day Demand 2.10 2.60 3.18 3.89 4.74 1,461 1,804 2,207 2,699 3,292
Less Existing Source
Capacity (Normal Pumping) (3) 1.66 1.66 1.66 1.66 1.66 1,163 1,153 1,163 1,153 1,163
Cumulative Source Surplus/ ‘
(Deficiency) -0.44 -0.94 -1.62 -2.23 -3.08| -308.00 -651 -1,054 -1,646 -2,139
Total CPU
Population 47,015 54,766 63,800 74,322 86,678 47,016 54,767 63,800 74,322 86,678 g
Demand 12.38 15.28 18.69 22.86 27.89 8,694 10,613 12,981 16,874 19,366 @
Capacity 16.47 20.62 20.62 20.62 20.62 11,438 11,438 11,438 11,438 11,438 g.
Cumulative Source Surplus/ S
(Deficiency) 4.10 1.19 -2.22 -6.39 -11.42 2,844 824 -1,643 -4,436 -7,928 1
Footnotes: s
‘% (1) In need of additional sources of supply. New sources are currently being developed in Hazel Deoll. '-g

(2) Not evaluated for each pressure zone. New sources are currently being developed in Hockinson.
(3) Because of unique operating and hydraulic conditions, and the contamination threats, normal pumping values are used in these calculations.
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6.3.2 Storage Improvements

As previously described, storage is generally based upon a system's ability
to provide emergency volumes, equalizing storage, and adequate fire flow.
It is appropriate to use the total combined volume of these three
components as CPU’s storage goal.

CPU is currently provided storage from seventeen reservoirs. A total
storage volume in these reservoirs is 8.9 MG. Of this, 8.2 MG is available
in the Hazel Dell area and 0.7 MG is available in the Hockinson/Lewis

River areas.

CPU’s water system has a total source capacity of 14,310 gpm or 20.62
MG assuming twenty-four hours of continuous pumping from current well
supplies (WSP 1993). In accordance with DOH policy, a reduction in
calculated standby storage is allowed providing the system has multiple
sources, reliable power supplies, adequate hydraulic looping, and is
adequately maintained. In calculating the credit, the largest producing

well or wells on single electrical transformers must be considered out of -

service. Therefore, a multi-well storage credit was calculated, assuming
that the largest source(s) (1,200 gpm from Hazel Dell and 470 gpm from
Hockinson) are unusable during peak usage conditions. Under this set of
assumptions, CPU has 12,640 gpm or 18.20 MG of capacity, under
emergency conditions for use during the peak summer period.

Because of unique operating conditions caused by the large number of
sources and the operational restrictions caused by the hydrology of the
area, normal pumping volumes were used for calculation of storage
requirements. This is a more conservative approach than required and
will result in an apparent need for more than the required storage. But
more importantly, the resuit will be a more effectively operated system,
meeting unique operating needs and fire and pressure requirements in all
areas.

Given the peak day projections and the sizing criteria for peak day,
equalizing, and fire flow demands, Table 6-7 was developed to show the
existing and projected storage capacities needed for CPU’'s water system.
It should be noted that these calculations include the recommendations
from the Fire Survey and Rating Bureau, that up to 4,000 gpm for four
hours of fire flow be provided for commercial/industrial areas.
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Table 6-7
Projected Storage Requirement (MG)
1990 1995 2000 2005 2010
Hazel Dell Area
No. of Connections 10641
Estimated Population Served 28304
Cumulative New Source (MGD) (1) -4.54
Peak Day Demand 10.27
Less Multiple Source Credit (MGD) (4) 12.91 12.91 12.91 1291 1291
Standby Calculated -2.64 -0.22 2.60 6.06 10.24
DOH Minimum 200 gallons/connection 2.13 2.62 3.20 3.92 4.78
Standby Required 2,13
Equalizing (15% of Peak) 1.54
Fire Flow Requirement (2) 0.96 0.96 0.96 0.96 0.96
Minimum Storage Requirement 4.63
Less Existing Gravity Storage (3) 7.13 7.13 7.13 7.13 7.13
Cumulative Storage Surplus/(Deficiency)
Without New Source 2.50 1.65 0.64 -2.74 -7.54
With New Source 2.50 1.65 0.64 -0.59 -2.08
No. of Connections 2151 2683 3282 3823 4454
Estimated Population Served 5721 7137 8730 10170 11847
Cumulative New Source (MGD) (1) 0.44 0.94 1.52 2.23 3.08
Peak Day Demand 2.10 2.60 3.18 3.89 4,74
Less Multiple Source Credit (MGD) (4) 0.98 0.98 0.98 0.98 0.98
Standby Calculated 1.12 1.62 2.19 2.90 .76
DOH Minimum 200 gallons/connection 0.43 0.54 0.66 0.76 0.89
Standby Required 112 1.62 2.19 2.90 3.76
Equalizing (156% of Peak) 0.32 0.39 0.48 0.58 0.71
Fire Flow Requirement (2) 0.06 0.06 0.06 0.06 0.06
Minimum Storage Requirement 159 2.06 2.73 3.66 4.53
Less Existing Gravity Storage (3) 0.636 0.636 0.636 0.636 0.636
Cumulative Storage Surplus/(Deficiency)
Without New Source -0.86 -1.43 -2.10 -2.91 -3.89
With New Source -0.42 -0.49 -0.58 -0.77 -1.03
Cumulative Storage Surplus/{Deficiency)
Without New Source 1.64 0.22 -1.46 -5.65 -11.43
With New Source 2.08 1.16 0.06 -1.37 -3.11
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Table 6-7 illustrates that based upon the storage criteria and credits
discussed above, the Hazel Dell area currently has adequate storage.
There is a potential storage deficiency, however, by 2005. The
Hockinson/Lewis River System requires some storage immediately.

6.4 Identification of Existing and Potential Interties

CPU has two interties with other water systems. These interties are with the
Cities of Vancouver and Battle Ground.

The City of Vancouver's valved, unpumped, and unmetered intertie is located
near the corner of NE 78th Street and NE 47th Avenue. The intertie is
available for the exchange of water between the CPU's 8-inch PVC line and
Vancouver's 10-inch ductile iron line during emergency conditions. Vancouver's
normal maximum gradient is approximately 413 feet compared to 385 feet for
CPU. Therefore, the normal exchange of water through the intertie would flow
from the Vancouver's higher pressure intoc CPU’s system. However, emergency
conditions within either system would enable the exchange of water at minimum
pressures in either direction. Use of this intertie is limited to emergency
conditions and is not governed by contractual arrangement.

Future interties may be developed between CPU and the communities of
Ridgefield and Yacolt.

6.5 Evaluation of Current (Contingency) Procedures and
Recommendations

CPU water system is less vulnerable to source loss than many systems because
of the comparatively large number of sources and their broad geographic and
hydrogeologic distribution. In most cases, the loss of a source or even several
sources can be compensated by increasing the pumping and distribution from
elsewhere in the system. There is generally adequate storage and alternate
source to meet pressure and demand in most areas of the system.

Nevertheless, there are places in the system where source loss could be a
problem. Below we have generally described these areas, along with a
recommended approach to improve the existing situation:

O Hazel Dell - Vista Park Area: Currently Well Nos. 9, 19, and 15 pump to this
general area without the benefit of booster stations. Consequently, because
of the location and distribution system configurations, source problems with
these wells could cause distribution and delivery problems.
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Recommendations: Future planning should include booster pump(s) or
possible supply linkages from the North (Ridgefield area). New supply
development in the Ridgefield area and a North-South distribution system is
the preferred improvement.

Q Hazel Dell - Northwestern Area: Water for this area is mainly supplied from
the south. Loss of sources in the south could cause problems in delivery to
the far northwestern extremes of the service area. Because of system
configuration and needs to the east, valves have been closed to prevent water
from flowing to this western (and lower ) area.

Recommendations: Future planning should include new supply and supply
lines from the north (Ridgefield area). While that planning and development
occurs, hydraulic modeling should be conducted to determine the worst case
scenario for this region, and to develop specific contingency plans to supply
water to this area (including opening valves from the east).

0O Hockinson - Eastern Pressure Zones: Several eastern pressure zones rely
solely on water from lower zones and booster pumps. Supply is from Well
Nos. 103, 104, and 108. In the northern Hockinson system, there are no
boosters to supply water from the Hazel Dell System to the west.
Consequently, loss of Well Nos. 103 or 108 in the southern portion might be
accommodated by source from Hazel Dell. Additionally, there are portions of
the Hockinson system with 4-inch line which would inhibit transfer of water
in the north/south directions. Loss of Well No. 104, consequently, would
present a difficult situation because of the lack of supply from Hazel Dell

Recommendations: There is the need for new source in the northern
Hockinson system, and existing source development plans to meet this need
should be pursued. Additionally, distribution system improvements which
are currently planned to replace 4-inch line and improve north/south flow
should be implemented.

6.6 Identification of Future Potential Sources

Continued population growth in Clark County (County) will require that
existing source of water supply be used to their fullest extent and that new
sources of supply be developed. Historically, most of CPU's water supply
development has been focused within the Lower Salmon Creek Basin (Hazel
Dell vicinity) where well yields are relatively high and water quality is generally
good. Groundwater development is distributed between the three principal
aquifer systems which occur in the area including the Recent alluvial aquifer,
the Upper Troutdale aquifer, and the Lower Troutdale aquifer. Most
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groundwater development in the Hazel Dell vicinity is concentrated in two
areas: a narrow corridor along the lower Salmon Creek Valley, and in vicinity of
NE 78th Street. Well yields in these areas typically range between 500 and
1,000 gpm.

Several of the well sources that are completed within the Upper Troutdale
aquifer in the vicinity of 78th Street, are threatened by groundwater
contamination from nearby industrial facilities (Airco-Boomsnub). The
contaminants include chromium and volatile organic compounds. The wells that
are threatened include Well Nos. 5, 7, and 23, which account for approximately
30 percent of CPU total supply capacity. The potential risk to the water supply
system is not well defined at this time. However, CPU has decided to proceed
with the development of contingency plans that will address possible
contamination of these sources. The contingency plans will consider treatment
alternatives as well as new source development.

CPU operates a number of other production wells in other areas of the basin as
well as other portions of the County. Well yields in these areas are quite
variable and generally much lower than the yields found in the Hazel Dell
vicinity.

Groundwater development in many areas is constrained by excessive levels of
iron and manganese. Elevated manganese concentrations occur within many
wells completed in the Lower Troutdale aquifer within the lower Salmon Creek
Valley (e.gz. Wells 21 and 90-03). Elevated iron concentrations have been
identified within many localized areas of the Salmon Creek Basin as part of
CPU's private well sampling program. Iron and manganese pose problems for

public water supply development in many other areas of the County, such as
along the East Fork of the Lewis River (CPU Well No. 110 and Well No. 93-02).

In addition to water quality, new sources of supply must be located to minimize
impact to existing water users and instream flows. These impacts can be greatly
minimized through proper placement of production wells and by targeting
deeper water bearing zones. Impacts to streams can be reduced by locating
wells at least 500 to 1,000 feet away from stream corridors. Impacts can be
reduced further by developing deeper water bearing zones, such as the Lower
Troutdale, where an overlying fine-grained confining unit limits the hydraulic
continuity with the stream. In areas where continuity may be of concern, efforts
should be made to distribute pumping centers as widely as possible.

Much of CPU's future groundwater development will focus on the Lower
Troutdale aquifer system within areas outside the Hazel Dell vicinity. Recent
exploratory drilling and testing in several areas of the Salmon Creek and East
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Fork of the Lewis River drainage basins have identified two general areas of
supply.

6.6.1 Lower Troutdale Outside Hazel Dell
Pioneer Area

The most promising area for future groundwater development is the along
10th Avenue NE and I-5 corridor area between approximately NE 230th
Street and LaCenter Road. The area lies within the East Fork of the
Lewis River drainage basin. Exploratory drilling and testing at several
sites (CPU Well No. 93-04, Zimmerly, Port of Ridgefield) indicates that
the Lower Troutdale aquifer is relatively productive (transmissive) in this
area and has good water quality. The aquifer is unconfined with high
storage characteristics and is as much as 150 to 200 feet thick. Because
the aquifer is very thick and transmissive and the storage characteristics
are high, the system will likely be able to support a number of production
wells operating as a wellfield. Individual well yields will likely range
between 400 and 700 gpm and the total capacity of the wellfield may be 5
MGD or more. Additional well drilling and testing coupled with long-
term monitoring will be required to determine the ultimate yield of this
area.

Surface water features in the Pioneer area should not be adversely
impacted from the operation of a wellfield because the features are not
hydraulically coupled to the supply aquifer (i.e. a thick unsaturated zone
occurs between the aquifer and the surface water features). Groundwater
in the area discharges to the lower portions of the East Fork of the Lewis
River which is tidally influenced. River stage in this area is not controlled
by groundwater discharge, but rather by the tidal response of the
Columbia River.

Water quality in the area is generaily good with low levels of iron and
manganese, A relatively thick sequence of fine-grained alluvial deposits
occur at land surface and improve protection to the source aquifer from
land use impacts.

CPU is currently expanding their transmission network northward along
NE 10th Avenue towards the Pioneer supply aquifer. Several test wells
will be installed in advance of the pipeline to delineate areas with
suitable quantity and quality for future development of supply wells.
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Middle Salmon Creek Vicinity

A secondary area for development of additional water supply lies within
the central portion of the Salmon Creek Basin. The area lies generally
upstream of Mill Creek and downstream of Woodin Creek. The areal
extent of this supply area is somewhat poorly defined. The targeted
aquifer for supply is the Lower Troutdale which generally has moderately
high well yield and good water quality. Test/production wells have been
recently installed at the Laurin Middle School (CPU Test Well No. 92-02
and Production Well No. 25, south side of Salmon Creek) and at Salmon
Woods (CPU Test Well No. 93-05, north side of Salmon Creek).
Individual well yields generally range between 300 to 500 gpm.

Additional wells could likely be located in this area. However, because
the aquifer is confined, pumping centers should be offset from one another
by distances of 0.5 miles or more. Although the aquifer is not in direct
hydraulic continuity with Salmon Creek, potential impacts to instream
flows may be of some concern because the supply wells lie in relatively
close proximity to the stream. The total capacity of this area may be on
the order of 2 to 3 MGD.

6.6.2 Within Hazel Dell Vicinity

In addition to the two areas described above, additional groundwater
supplies will likely be developed in the near future within the Hazel Dell
vicinity. Although groundwater production in this area is approaching
the sustainable yield of the system, some additional production may be
feasible from the three supply aquifers which occur in the area. Some of
the potential source areas are discussed below:

Lower Saimon Creek Valley

An additional supply well will likely be installed in the Recent alluvial
deposits that occur along the stream corridor of the lower Salmon Creek
Valley. The preferred location for a new well would be midway between
CPU Well Nos. 18 and 19. The anticipated depth of the well would be
approximately 50 to 80 feet. The anticipated well yield would be
comparable to that of Well Nos. 18 and 19 or approximately 800 to 1,000
gpm. Because the well will be situated very close to the Salmon Creek
and will be relatively shallow, it will likely be in hydraulic continuity with
the stream. Because of the hydraulic continuity, Ecology will likely
restrict use of the well to the high flow months (i.e. October - May). The
well will provide additional capacity to meet winter time water demand.
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This will provide additional flexibility to seasonally manage pumpage
stresses within the Hazel Dell vicinity (see discussion below). Water
quality is expected to be quite good in this area; however, because of the
shallow nature of the source, Groundwater Under the Influence (GWI)
monitoring and possible treatment (filtration) may be an issue.

Deep Supply Well at NE 88th Street

CPU is currently planning on exploration and possible development of
groundwater from a site located along 88th Street near 55th Avenue.
Source development at this site would be largely used as a contingency
supply in the event that the major supply sources along 78th Street (i.e.
Well Nos. 5, 7, and 23) are effected by nearby contamination from the
Airco-Boomsnub contaminated sites. The targeted aquifer would be the
Lower Troutdale which has been encountered in several other nearby
sites (e.g. Well Nos. 10, 14, 24, etc.). Alternatively, the Upper Troutdale
may provide opportunity for development; however, impacts to
neighboring wells (i.e. Vancouver Station 14) would have to be considered
and evaluated in detail. The anticipated well yield from this site would be
on the order of 500 gpm for the Lower Troutdale and 500 to as much as
1,500 gpm for the Upper Troutdale. Water quality is expected to be
relatively good with respect to naturally occurring constituents. The site
lies approximately two miles downgradient of the Leichner Landfill.
Remedial investigations that are underway at the landfill should limit
any water quality impacts to water supply in this area.

Upper Troutdale Well at CPU Well Site 14

Additional development of supplies may also be warranted from the
Upper Troutdale aquifer near CPU Well No. 14. Well No. 14 was
initially completed in both the Upper and Lower Troutdale aquifers.
Testing of both zones indicated that the Upper Troutdale was relatively
productive in this area and that water quality is good. The anticipated
yield for the Upper Troutdale in this area. would be approximately 500

gpm.
Hazel Dell Wellfield Optimization

In addition to developing new groundwater sources, water-supply
development in the Hazel Dell area will emphasize optimization of the
well field sources. Well field optimization will involve the seasonal
management of pumping stresses in order to maximize the groundwater
yield from the system and to minimize impacts to Salmon Creek. Shifting
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of pumping stress to the Salmon Creek corridor during the winter months
provides an opportunity to shut down other wells in the system for periods
of time to facilitate water level recovery. Allowing longer periods of
recovery increases the overall storage capacity of t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>