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RECOMMENDATIONS

The results of the study show that additional monitoring of

the Cedar River aquifer should be conducted. Specifically,

the following types of monitoring and supplemental tests are
recommended:

1.

Three to four additional monitoring wells should be in-
stalled on the south side of the Cedar River to better
define aquifer properties and the extent of the zone of
potential capture.

A monitoring well should be installed in the area of
the bedrock narrows. The well would help define the
thickness and properties of the aquifer in this area.
The well should be completed to provide the City of
Renton with a means of monitoring contaminant migration
from upgradient sources.

Selected monitoring wells should be sampled annually to
monitor water quality conditions in the Cedar River
aguifer.

Water levels in the Cedar River agquifer should be moni-
tored on a regular basis (e.g., quarterly) and during
periods of extreme conditions (e.g., Cedar River flood-
ing and high pumping following a dry summer). Con-
tinued monitoring will be useful in determining whether
operation of the replacement wells will have any impact
on the conclusions of the study.

Slug tests or pumping tests should be performed on se-
lected monitering wells to determine how aquifer
properties vary.

A numerical groundwater model should be applied to the
Cedar River aquifer. The model should be used to guan-
tify rates and directions of groundwater movement and
Cedar River-aguifer interactions. The model should
also be used to develop emergency response strategies
and to estimate the potential long-term yield of the
aquifer.
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EXECUTIVE SUMMARY

BACKGROUND

As part of the well field protection study conducted in
1984, available geologic and hydrologic information per-
taining to the Cedar River aquifer and contributing recharge
areas was reviewed. The study concluded that the available
information was not sufficient to determine rates and direc-
tions of groundwater movement in the vicinity of the well
field. As a result, the well field protection study recom-
mended that water level fluctuations in the aquifer and
Cedar River be monitored.

STUDY OBJECTIVES

Based on this recommendation, the City of Renton contracted
with CH2M HILL to conduct a well field monitoring study.
The original objectives of this study were to determine:

1. Rate and direction of groundwater movement under dif-
ferent pumping conditions

2, Interactions between the Cedar River and the aquifer

The City of Renton subsequently expanded the study to in-
clude two additional objectives:

1. Delineation of the boundaries of an aquifer protection
area (APA) for the well field to satisfy the provisions
of the City of Renton aquifer protection ordinance

2. Groundwater sampling to obtain additional information

on existing water quality conditions in the Cedar River
aquifer

MONTTORING ACTIVITY

To meet these objectives, CH2M HILL designed a monitoring
network consisting of 11 groundwater monitoring wells and
three Cedar River stage gages. Figure 1 shows the location
of each monitoring well and stage gage, as well as the loca-
tion of the five production wells that constitute t?e City
of Renton well field (PWl, PW2, PW3, PW8, and PW9). Except
for MW8 and MW9, all of the monitoring wells shown in Fig-
ure 1 were installed during the well field monitoring study.

1Near the end of the well field monitoring study the City of
Renton initiated construction of three new wells to replace
PWl, PW2, and PW3; the three replacement wells (RW1l, RW2,
and RW3) are located immediately southeast of PW1l and PW2.

xi



PW  Existing Production Well
MW City of Renton Monitoring Well

SG Cedar River Stage Gage

MONITORING NETWORK
CITY OF RENTON, WA
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MW8 and MW9 are observation wells installed during the con-
struction and testing of PW9. The three Cedar River stage

gages installed during the well field monitoring study are

also shown in Figure 1.

CH2M HILL and City of Renton staff monitored water levels in
the monitoring wells and production wells and at the Cedar
River stage gages 21 times during the period of March 1986
to March 1987. The data were analyzed by contouring water
levels to obtain potentiometric maps and by plotting water
level variations with time at selected wells or stage gages
to obtain hydrographs.

ZONE OF POTENTIAL CAPTURE

Based on the poteTtiometric maps and hydrographs, a zone of
potential capture” for the well field was defined by deter-
mining probable directions of groundwater movement and Cedar
River-aquifer interactions.

Figure 2 is a potentiometric map that shows groundwater ele-
vations and probable directions of groundwater movement un-
der a nonpumping condition (i.e., none of the wells is in
operation). This potentiometric map indicates that the re-
gional direction of groundwater movement is generally to the
southwest and west, with a component to the northwest. The
southwestern and western components are in the same direc-
tion as the original Cedar River streambed prior to its di-
version towards Lake Washington. The northwestern component
is in the direction of Lake Washington.

When one or more of the wells is pumped, a cone of depres-
sion forms around the well(s) causing a local reversal in
the direction of groundwater movement back toward the well.
Figure 3 is a potentiometric map that illustrates this
condition.

The boundary between the portion of the Cedar River aquifer
wherein groundwater movement continues in the regional direc-
tion (i.e., to the northwest) and the portion wherein ground-
water movement reverses back toward the well field defines
the boundary of the zone of potential capture. This bound-
ary is referred to as a groundwater divide and is illustrated
as a dashed line in Figure 3.

lThe zone of potential capture is that portion of an aquifer
wherein all groundwater would flow to a well or well field
if it were pumped continuously.

%34
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Cedar River-aquifer interactions identified as a result of
the well field monitoring study include:

1. The Cedar River acts as a minor source of recharge to
the aquifer; in the vicinity of the well field the
amount of recharge is small compared to the flow in the
Cedar River.

2. Well field pumping, particularly when PWl and PW2 are
in operation, influences groundwater movement on the
opposite (south) side of the Cedar River.

Both interactions were tentatively identified based on the
data collected during the well field monitoring study; they
were confirmed based on additional water level data
collected during a well field aquifer test conducted by the
City of Renton. Measurements made by the USGS during the
aquifer test were unable to detect any difference in Cedar
River flow rate upstream and downstream of the well field.
Continuous monitoring during the aquifer test showed that
water level fluctuations in MWl (see Figure 1) responded to
changes in well field pumping.

Based on the determination of probable directions of ground-
water movement and Cedar River-aquifer interactions, a zone
of potential capture for purposes of aquifer protection was
delineated. The position of the groundwater divide observed
while pumping the well field at the current water right of
11,400 gallons per minute was selected as the boundary of
the zone of potential capture. This boundary was extended
to the opposite side of the Cedar River in recognition of
the influence of the well field on groundwater movement
south of the river.

AQUIFER PROTECTION AREA DELINEATION

The results of the well field monitoring study and well
field protection study provided a basis for delineating a
well field aquifer protection area (APA) to satisfy the pro-
visions of the City of Renton aquifer protection ordinance.
An APA encompasses the recharge area for a well or well
field. The boundary of the well field APA was divided into
two segments: a segment regionally downgradient of the well
field and a segment regionally upgradient. The regionally
downgradient boundary was delineated as the boundary of the
zone of potential capture for purposes of aquifer protection
(see Figure 4). The regionally upgradient boundary was

delineated as the drainage basin boundary for the Cedar River

valley.
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The APA was subdivided into two zones. Zone 1, as defined
in the aquifer protection ordinance, is the area between the
l-year groundwater travel time contour™ and the well field.
The location of the Zone 1 boundary was determined based on
probable groundwater velocities. Groundwater velocities
were estimated based on available pumping test data and hy-
draulic gradients estimated from the potentiometric maps.

Zone 2, as defined in the ordinance, is the area between the
l-year travel time contour and the boundary of the APA.

Zone 2 encompasses upland areas north and south of the Cedar
River valley that contribute recharge to the Cedar River
aquifer (see Figure 4).

GROUNDWATER QUALITY

The well field monitoring study also consisted of sampling
groundwater from four of the City of Renton monitoring
wells. Priority pollutant analyses were conducted on the
samples to obtain supplemental data on the quality of the
Cedar River aquifer. As shown in Table 1, groundwater in
the Cedar River aquifer satisfies current and proposed maxi-
mum contaminant levels (MCLs) specified by the Environmental
Protection Agency for drinking water.

1'I‘he l-year groundwater travel time contour encompasses that

portion of the aquifer wherein groundwater would migrate to
the well field within 365 days.
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Table 1
COMPARISON OF MAXIMUM CONCENTRATION LEVELS (wg/l) WITH
WATER QUALITY SAMPLING RESULTS
CITY OF RENTON MONITORING WELLS

wer® June 12, 1986, Sampling Results Detection
Constituent Current Proposed MH1 M4 MH5S MW7 Limit

Inorganic
Arsenic 50 ND ND ND ND 5
Barium 1,000 NM NM NM NM -—
Cadmium 10 ND ND 2 2 1
Chromium 50 1 1 3 2 - -
Selenium 10 ND ND ND ND 5 l
Lead 50 ND ND ND ND 10
Nitrate 10,000 NM NM NM MM -

Organic '
Endrin 0.2 ND ND ND ND 0.04
Lindane 4 ND ND ND ND 0.02
Methoxychlor 100 ND ND ND ND 0.1 !
Toxaphene 0.5 ND ND ND ND 5
2,4-D 100
2,4,5-TP silvex 10 ‘l
Benzene 5 ND ND ND ND 1
Carbon tetrachloride 5 ND ND ND ND 1
1,2-Dichloroethane 5 ND ND ND ND 1
1,1-Dichlorcethylene 7 ND ND ND ND 1
p-Dichlorobenzene 750 ND ND ND ND 1
1,1,1-Trichloroethane 200 ND ND ND ND 1
Trichloroethylene 5 ND ND ND ND 1
Vinyl chloride 1 ND ND ND ND 1

aMa.‘.t(imum contaminant levels, U.S. Environmental Protection Agency, September 1986.

not detected.
not measured.

Note: ND
NM
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PROTECTION AREA (APA) MAP

WELL FIELD AQUIFER
CITY OF RENTON, WA

FIGURE 4
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Section 1
INTRODUCTION

PROJECT DESCRIPTION

Background

In 1984 the City of Renton completed the well field protec-
tion study (CH2M HILL, 1984). The scope of this study
included:

1. An evaluation of available geologic and hydrologic in-
formation pertaining to the Cedar River aquifer and
contributing recharge areas

2. An identification of potential contamination sources
and their possible impact on the City of Renton well
field

3. Development of possible methods for eliminating or con-
trolling potential contamination sources or minimizing
their impact on the well field

The well field protection study concluded that the available
geologic and hydrologic information was not sufficient to
determine rates and directions of groundwater movement in
the vicinity of the well field. As a result, the study rec-
ommended that Cedar River levels and groundwater elevations
be monitored to determine how the Cedar River aquifer re-
sponds to different well field pumping conditions and sea-
sonal variations in streamflow and aquifer recharge. Based
on this recommendation, the City of Renton contracted with
CH2M HILL to conduct the well field monitoring study.

Objectives

The original objectives of the well field monitoring study
were to determine:

1. Rate and direction of groundwater movement under dif-
ferent pumping conditions

2. Interactions between the Cedar River and the aquifer

The City of Renton subsequently expanded the study to in-
clude two additional cbjectives:

1, Delineation of the boundaries of an aquifer protection

area (APA) for the well field to satisfy the provisions
of the City of Renton aquifer protection ordinance

1-1



2. Groundwater sampling to obtain additional information
on existing water guality conditions in the Cedar River
aquifer

SCOPE OF THE REPORT

This report documents the work that was conducted to meet
each of the study objectives. The scope of work, as out-
lined in an engineering services contract between the City
of Renton and CHZM HILL, was as follows:

1. Determine the number, location, size, and configuration
of groundwater monitoring wells and river stage gages
to measure water level fluctuations in the vicinity of
the well field

2. Identify required monitoring equipment and develop a
monitoring program

3. Subcontract the drilling and construction of the moni-
toring wells

4, Assist the City of Renton in the installation of the
monitoring equipment and in the initiation of data
collection

5. Determine rates and directions of groundwater movement
based on water level data collected by the City of
Renton

6. Delineate the boundaries of an APA for the well field

7. Analyze groundwater samples collected from selected
monitoring wells to obtain additional groundwater qual-
ity information on the Cedar River aquifer

REPORT ORGANIZATION

The report is organized in four major sections. Section 2
discusses the monitoring network that was installed to meas-
ure water level fluctuations in the Cedar River aquifer and
Cedar River. This section presents monitoring well and
stage gage locations and discusses the methods used to drill
and construct the monitoring wells and to measure water
levels. Finally, the lateral extent of the Cedar River
agquifer is presented based on available geoclogic
information.

Secticon 3 discusses how the water level data collected by
the City of Renton were analyzed to determine directions of
groundwater movement in the vicinity of the well field and
Cedar River-aquifer interactions. This section also dis-
cusses how the estimated directions ¢f groundwater movement




were, in.turn, used to delineate a "zone of potential

1

capture"” for the well field.

Section 4 discusses how the boundary of the zone of poten-

tial capture was combined with the Cedar River drainage bound-
ary to delineate the boundary of an APA for the City of Renton

well field.
Finally, Section 5 presents water quality sampling results.

RELATED STUDIES

During the same time frame that the well field monitoring
study was being conducted, several other studies were con-
ducted in the vicinity of the well field by Ecology and
Environment Incorporated (E&E)}, Olympic Pipe Line Company
(OLPC), Pacific Car and Foundary Company (PACCAR), and RH2
Engineering. In addition, the City of Renton drilled three
new production wells to replace existing production wells
(PW1l, PW2, and PW3), and a test well in the Maplewood Golf
Course. Investigations conducted as part of these studies
provided additional hydrogeologic and groundwater guality
information in the vicinity of the well field. Each study
is summarized below.

Site Inspection of Pacific Car and Foundéry Company {E&E,
1986)

ES&E conducted a file review and site inspection of the
PACCAR facility in Renton, Washington. This facility is
located directly north of the City of Renton well field.
The purpose of the study was to evaluate the facility's
status within the Environmental Protection Agency (EPA) Un-
controlled Hazardous Waste Site Program. During the site
inspection, soil and groundwater samples were collected on
the PACCAR facility, and groundwater samples were collected
from selected City of Renton monitoring and production
wells. BAnalyses of the groundwater samples produced
additional information on groundwater quality in the Cedar
River aquifer.

1The zone of potential capture is that portion of an aquifer
wherein all groundwater would flow to a well or well field
if it were pumped continuously.



‘Qlympic Pipe Line Company Leak Abatement Study (GeoEngineers,

Inc., 1986b, 1987a, 1987b, and 1987c)

On October 1, 1986, OLPC initiated a study to evaluate a
leak from its two product pipelines that traverse the Cedar
River valley approximately 1 mile east and regionally up-
gradient of the well field. The study initially involved
soll-gas reconnaissance to determine the leak location.
Subsequently, a hydrogeologic investigation involving the
installation of 31 monitoring wells and groundwater sampling
was conducted to determine the extent of groundwater contam-
ination. BAnalyses of groundwater samples found benzene,
toluene, and xylene (typical components of petroleum prod-
ucts) to be present in several of the monitoring wells.
Measured groundwater elevations showed that groundwater in
the vicinity of the leak moves to the southwest and gener-
ally discharges to the Cedar River, Little free petroleum
product was detected in the monitoring wells; most of it was
found to be distributed in the unsaturated zone. Remedial
actions implemented at the site include two vapor recovery
systems and three fuel recovery wells. Ongoing monitoring
of spill cleanup has been conducted.

PACCAR Defense Systems Site Assessment and Remedial Action
Plan (Hart-Crowser, 1%86a, 1986b, and 1987h)

PACCAR conducted a site assessment of its facility in
Renton. The site assessment involved combining the results
of a number of earlier studies wherein soil and groundwater
sampling was conducted. The study concluded that soils be-
neath the facility contain elevated concentrations of metals
and low concentrations of volatile and semivolatile organic
chemicals. Except for arsenic, nickel, and chromium, metal
concentrations in groundwater beneath the facility generally
met primary drinking water standards. Low concentrations of
volatile and semivolatile organic chemicals were detected in
onsite monitoring wells. The remedial action plan recom-
mends no remedial actions be implemented at the facility
except in one area where high concentrations of polynuclear
aromatic hydrocarbons (PAH) were detected in soil. Remedial
actions proposed for this area include removal of visually
contaminated soil, backfilling the area with clean soil,
paving the area with asphalt, and quarterly sampling of
groundwater. Since completing the site assessment and reme-
dial action evaluation, PACCAR initiated additional site
investigations that included the installation of offsite
monitoring wells and monthly water level monitoring. Based
on water level monitoring during the period of May to June
of 1987, it was concluded that the "capture area" of the
Renton well field extends to the southeastern corner of the
PACCAR site and that groundwater flow from the PACCAR site
to the well field is probably less than 10 gpm.



Well Field Aquifer Test (RH2 Engineering, 1987a and 1987b)

During the period of June 24 to 26, 1987, a well field aqui-
fer test was conducted. The test consisted of an 8-hour
nonpumping period to allow the aquifer to recover to rela-
tively static conditions. Next, all of the existing pro-
duction wells and a recently completed replacement production
well were pumped for 24 hours at a rate approximately equal
to the current well field water right of 11,400 gallons per
minute (gpm}. This was followed by an increase in the pump-
ing rate to 15,000 gpm for a period of 25 hours., The test
concluded with a 1/2-hour shutdown of all the wells. During
the test, water levels in the production wells and selected
monitoring wells were measured. The flow rate of the Cedar
River was measured upstream and downstream of the well field
at the end of the 8-hour nonpumping period and the two pump-
ing periods. The results of the test showed that there was
no detectable decrease in flow in the Cedar River as a re-
sult of pumping the well field at either 11,400 gpm or
15,000 gpm. The results also showed that pumping of the
well field influences groundwater movement south of the
Cedar River, indicating that the river does not act as a
hydraulic barrier to groundwater movement, as was originally
thought.

Maplewood Golf Course Test Well (GeoEngineers, Inc., 1986a)

A test well was drilled at the Maplewood Golf Course to
evaluate the potential for developing an additional source
of municipal water supply. The 8~inch test well was drilled
to a depth of 182 feet below ground surface. During drill-
ing, two aquifer units were encountered, an upper aquifer
extending from 15 to 44 feet below ground surface and a
lower aquifer extending from 150 to 177 feet below ground
surface. A 15-foot well screen was installed between the
depths of 157 and 172 feet. Pumping test results indicate
that the well could yield between 300 and 500 gpm. Water
quality sampling found that manganese exceeded the drinking
water standard.

Replacement Production Wells (Hart-Crowser, 1987a)

The City of Renton drilled three new production wells to
replace existing production wells PW1l, PW2, and PW3; the
replacement wells are referred to as RW1l, RW2, and RW3. All
three wells are located 50 to 100 feet southeast of PWl and
PW2. The wells range in depth from 70 toc 96 feet below
ground surface and have a maximum design pumping rate of
6,600 gpm.
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Section 2
MONITORING NETWORK

Monitoring wells and Cedar River stage gaging stations were
constructed to measure water level fluctuations in the
vicinity of the well field. This chapter describes monitor-
ing well and stage gage locations, monitoring well drilling
and construction methods, and water level measurement proce-
dures. It also presents the approximate extent of the Cedar
River aquifer based on available hydrogeologic information.

MONITORING LOCATIONS

Figure 2-1 shows the general location of the five production
wells (PWl, PW2, PW3, PW8, and PW9) that form the City of
Renton well field. Near the end of the well field monitor-
ing study the City of Renton completed construction of re-
placement wells RW1l, RW2, and RW3. RW1l, RW2, and RW3 are
located 50 to 100 feet southeast of wells PWl and PW2 (see
Figure 2-1). Once construction 1is completed, the City of
Renton plans to use PWl and PW2 as observation wells and PW3
as an emergency supply well.

Prior to the initiation of the well field monitoring study
there were two monitoring wells (MW8 and MW9) in the immedi-
ate vicinity of the well field (see Figure 2-1). A two-
phased approach was used to install nine additional monitor-
ing wells. During Phase 1, five monitoring wells (MW1l, MW3,
Mw4, MW5, and MW6) were installed between 500 and 1,300 feet
regionally downgradient of the well field (see Figure 2-2).
The reason for locating these wells regionally downgradient
of the well field was to define the extent to which the well
field reverses the regional groundwater gradient back toward
the well field when the production wells are in operation.
Except for MWl, all of the wells were installed north of the
Cedar River because 1t was originally thought that the river
was a significant source of recharge and acts as a hydraulic
barrier to groundwater movement. As will be discussed
later, the Cedar River 1is actually a minor source of re-
charge in the vicinity of the well field and pumping does
influence groundwater movement south of the river. The
other well installed during Phase 1 (MW7) was located re-
gionally upgradient of the well field (see Figure 2-2).

After monitoring groundwater elevations for several months,
1t was discovered that the well field influences groundwater
movement farther to the northwest than was originally antic-
ipated. Under Phase 2, two additional monitoring wells
(MW10 and MW1ll) were 1nstalled reglonally downgradlent of
MW4 (see Figure 2-2). At the same time, permission was
granted by Burlington Northern to install another regionally
upgradient well (MW2) on the south side of the Cedar River.



LEGEND

PW  Existing Production Well

RW  Replacement Well

MW  City of Renton Monitoring Well

o i veray®

el FIGURE 2-1

SCALE (Approx.) WELL FIELD STUDY AREA
CITY OF RENTON, WA




LEGEND

PW  Existing Production Well

MW City of Renton Monitoring Well
SG  Cedar River Stage Gage

0 250 500 FT
x. FIGURE 2-2
SCALE (Approx.) MONITORING NETWORK
CITY OF RENTON, WA




Detailed site maps showing the specific location of each
monitoring well installed during the well field monitoring
study are included in Appendix A.

Figure 2-2 also shows the location of the three Cedar River
stage gaging (SG) stations. SG1 was located directly across
the river from MW2, near Carco Theatre. The staff gage at
the USGS gaging station downstream of the Mill Avenue bridge
was used for SG2. SG3 was located on the Wells Avenue
bridge. Except for SG2, the stage gaging stations consisted
of an existing reference point that could be conveniently
used to measure the elevation of the Cedar River. Thus,
staff gages were not installed at SGl1 or SG3. Detailed de-
scriptions of the location of each stage gaging station are
presented later in this section.

WELL DRILLING

Hokkaido Drilling and Development drilled, constructed, and
developed each new monitoring well.

Prior to drilling, well locations were checked for any under-
ground utilities. The private firm, Underground Utility
Locators, was contacted and informed of the proposed well
locations. Leaflets explaining the purpose of the project
and the likelihood of noise were distributed to the resi-
dents living near each well prior to beginning drilling
operations.

All monitoring wells were drilled using the cable-tool
method. The method consists of lifting and dropping a
string of tools suspended on a cable. The bit at the bottom
of the tool string rotates a few degrees between each stroke
so that the cutting face of the bit strikes a different area
of the hole with each stroke. Cuttings were bailed from the
hole after advancing the bit anywhere from 2 to 10 feet.
Sections of 8-inch steel casing were driven ahead of the bit
to keep the hole open after the cuttings were bailed. Bor-
ing logs were kept by a geologist. After the desired depth
was reached, the drill string was pulled from the hole, and
well construction was initiated.

Appendix B contains well logs for each monitoring well de-
scribing the types of geologic materials encountered while
drilling. Well logs for the existing and replacement pro-
duction wells and the Maplewood Golf Course test well are
provided in Appendix C.

WELL CONSTRUCTION AND DEVELOPMENT

Figure 2-3 shows the general construction of each monitoring
well. PVC casing (2-inch) was assembled and lowered into
the borehole, and centering guides were placed at both ends
of the screen to assure an even sand pack around the screen.
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The 8~inch steel casing was pulled back about 3 feet to al-
low the native formation to cave around the bottom sump,
thus anchoring the well casing. Sand pack was then placed
to a level of about 2 feet above the top of the screen as
the 8-inch steel casing was removed. Fine sand, bentonite
pellets, and a cement/bentonite seal were placed around the
well casing as shown in Figure 2-3.

Concrete meter boxes were used to complete the wells at the
surface (see Figure 2-3). A locking cap was placed over
each well. The PVC cap used to cover the well casing was
vented to allow the water level in the wells to change free-
ly. A drain pipe was installed to allow any water collect-
ing in the meter box to drain away. The surface completion
details apply to all wells except for MW2. MW2 is completed
with an 8-inch steel casing extending 2-1/2 feet above
ground.

After the installation was complete, the wells were devel-
oped. The development process removed fines in and around
the sand pack and also removed nonformation water introduced
during the drilling process. The wells were developed using
compressed air introduced into the bottom sump to produce a
surge~and~1ift action. Development was continued until
visibly clear water was produced from the wells, usually
within about 1/2 hour.

Appendix B contains well construction information for each
well. Table 2-1 provides the total well depth, screened
interval, and sump length for each monitoring well.

Table 2-1
MONITORING WELL CONSTRUCTION DETAILS

Total Screened Sump
Well Depth Interval Length
Number (ft) (ft) (ft)
MW1 49 38 to 48 1
MW2 50 35 to 45 5
MW3 53 38 to 48 5
MWA4 50 35 to 45 5
MW5 50 35 to 45 5
MWé 50 35 to 45 5
MW7 50 35 to 45 5
MW10 37 22 to 32 5
MW11 40 25 to 35 5

2-6



WATER LEVEL ELEVATIONS

Each well and stream gage was surveyed to determine the ele-
vation of a convenient point for measuring water levels.
Table 2-2 lists the measuring point elevation for each pro-
duction and monitoring well. Table 2-3 provides the same
information for each stage gage, including the location of
the measuring point,

During the period of March 1986 to March 1987, groundwater
and Cedar River elevations were measured 21 times. The
first two rounds of monitoring were conducted by CH2M HILL
staff on March 7 and 12, 1986. Subsequent rounds were con-
ducted by City of Renton staff. CH2M HILL provided City of
Renton staff with training on proper water level measurement
procedures and assisted City of Renton staff on several of
their first monitoring rounds. To promote consistency in
the collection and reporting of water level monitoring re-
sults, the City of Renton was provided a standard form for
recording measurements (see Figure 2-4). CH2M HILL and the
City of Renton made all water level measurements with an
electronic water level sounder. Table 2-4 summarizes all
the water level data collected during the study.

Table 2-4 also contains the water levels measured by

CH2M HILL during the well field aguifer test. Water levels
in all of the monitoring wells were measured three times:
{1) at the end of the initial 8-hour recovery period, (2)
after pumping the well field at 11,400 gpm for 24 hours, and
(3) after pumping the well field at 15,000 gpm for 25 hours.

EXTENT OF THE CEDAR RIVER AQUIFER

Monitoring well, replacement well, and test well installa-
tion provided additional hydrogeologic information useful in
delineating the approximate extent of the Cedar River aqui-
fer (see Figure 2-5). It is important to recognize that the
agquifer limits shown in Figure 2-5 do not necessarily repre-
sent distinct boundaries that separate geologic materials
containing groundwater. Rather, these limits represent the
extent of the highly productive sand, gravel, and cobble
deposits found within the Cedar River valley and west of the
mouth of the valley. Groundwater occurs in less productive
materials beyond the limits shown in Figure 2-5; these less
productive materials contribute recharge to and accept dis-
charge from the Cedar River aquifer. The limits of the aqui-
fer are described below.

Lateral Extent

The lateral (northern and southern) extent of the aquifer is
defined by the Cedar River valley walls. The walls delineate
the contact between the alluvial and delta deposits of the
aquifer and the glacial drift, till, and outwash deposits of
the uplands.

2=7



Table 2-2
SURVEYED ELEVATION OF EACH NEW MONITORING WELL
AND EXISTING OBSERVATION AND PRODUCTION WELLS

Elevation
Well {NGVD) Description of Measuring Point
MWl 40.91 Top of PVC casingg
MwW2 53.32 Top of PVC casing
MW3 35.50 Top of PVC casingb
Mw4 36.44 Top of PVC casing
MwW5 38.32 Top of PVC casing
MW6E 38.83 Top of PVC casingb
MW7 47.16 Top of PVC casing
MwW8 45,21 Top of steel casing
MW9 46.26 Top of steel casipg
MW10 34,12 Top of PVC casing
MWll 32.24 Top of PVC casing
PW1 39.4 Access port for transducer (red bushing)c
PW2 39.79 Access port for well casing
PW3 30.9 Access port for transducer {red bushing)c
PW8 45,70 Top of l-inch pipe providing access to casing
PW9 45.13 Top of 1-inch pipe providing access to casing

aNational Geodetic vertical datum.
bWith cap removed,

Coffset of access port from well casing accounted for in measured
elevation.

dMarked in black "MP.,"

Upgradient Extent

Based on available information, it is difficult to delineate
the upgradient (i.e., eastern) extent of the aquifer. The
aquifer appears to extend at least several miles upgradient
of the bedrock narrows (see Figure 2-5). Monitoring wells
installed as part of the Olympic Pipe Line leak abatement
study (GeoEngineers, Inc., 1986b) encountered alluvial sands
and gravels, as did a test well installed at the Maplewood
Golf Course (GeoEngineers, Inc., 1986a); Figure 2-5 shows
the location of the test well,




CITY OF RENTON
Public Works Department

WATER LEVEL MEASUREMENTS (Field}
Measured by
Weather Conditions

LOCA- [Meas. Point| Depth to | Transducer|Transducer] Water __ [Pumping
DATE TIME TION Elevation Water Elevation [Reading Elsvation |Rate {gpm)

PW1 39.4 -29.1

Pw2 39.79

PW3 31.00 -21.4

PWE 45.70 -23.8

PW9 4513 -29.7

MW1 40,91

MW2 53.32

MW3 35.50

Mw4 36.44

MW5 38.22

MWG 38.83

MW7 47.16

MwB 45.21 -29.9

MW 46.26 -27.6

MW10 34.12

MW11 32.24

SG1 326

SG2+ 15.1

8G3 36.5

SG4 34.96

* At SG2 Water Elavaticn = Staff Gage Reading + 15.1
*# Water Elevation = Meas. Point Elevation — Depth to Water and/or Transducer Elevation + Transducer Reading

FIGURE 2-4

WATER LEVEL RECORDING FORM
CITY OF RENTON



Table 2-3
SURVEYED ELEVATION OF EACH STAGE GAUGE
Elevation
Gage {NGVD) Description of Measuring Point
SG1 32.6 Painted (red) rock near upstream end of
rock retaining wall, south of Carco
Theatre in Cedar River Park
SG2 15.1b Staff gage on 2x6 post
5G3 36.5 Top painted bolt on guardrail post in
centerline, upstream edge of Wells Avenue
bridge

aNational Geodetic vertical datum.

bRiver elevation at SG2 is egual to staff gage reading plus 15.1 feet.

Downgradient Extent

The downgradient (i.e., northwest, west, and southwest) ex-
tent of the aquifer is also difficult to delineate because

of the complex interlayering of the alluvial and delta de-
posits of the Cedar River with the deposits of Lake Washing-
ton. The alluvial and delta deposits consist of coarse
gravel and cobbles near the mouth of the Cedar River valley.
These deposits become progressively finer grained in a radial
outward direction, grading from sand and gravel to silty
sands. Ultimately, silts and layers of peat, indicative of
lake~type deposits, are encountered.

This trend is illustrated in a geologic cross-section which
starts at PW1l and progresses north through the PACCAR facil-
ity (see Figure 2-6), Near PW1l the agquifer materials are
predominantly sand, gravel, and some cobbles. As one moves
to the north, the predominance of sand increases. In the
vicinity of HC4I and MW10, aquifer materials transition from
sand to silty sand and silt. Another transition occurs in
the vicinity of LW12, with the occurrence of peat layers.

It is this transition that indicates the probable northern
boundary of the Cedar River aquifer,

Figure 2-7 shows the location of the wells used to construct
the cross-section in relationship to the City of Renton
monitoring well network and a network of "deep" monitoring
wells installed on and near the PACCAR facility.
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Table 2-4
SUMMARY OF WATER LEVELS MEASURED DURING THE WELL FIELg MONITORING STUDY
AND WELL FIELD AQUIFER TEST {NGVD)

Hell Field Operation Production Wells Monitoring Hells Stage Gages
Dat.e PNl PW2  PW3  PWB  BW9 Ml W2 PW3 PHR PW9 Ml MW2 MW3 MH4 MWS MWG MW7 MHB MWD MW10 MW11 SG1 SG2 5G3
3/7/86 X 19.37 20.94 MM NM 20.86 20.88 NM 20.97 21.02 22.27 20.9 25,07 20.8 NM NM NM 21.2 27.0b 23.2
3/12/886 X X X 20.59 19.07  20.9 10.68 14.94 20.92 NM 23.04 21.14 22.3 20.96 25,27 19.0% 211.64 NM NM 27.3  27.2° 23.0
6/18/86 X 18.8 19.14 18.6 8.5 18.93 19.03 24.32 19.03 18.79 19.89 18.83 23.71 1i8.76 18.92 NM 18.94 23.22 23.05 20.96
6/24/86 X X X B.13 8.52 [ 17.1  16.83 16.49 23.85 NM b 17.15 18.44 16.68 23.16 16.71 16.79 Ny NM 26.04 22.1 NM
1/8/86 X X X 5.10 4.64 18.00 18.48 17.96 16.87 23.85 25.44 17.36 18.67 17.13 23.31 18.08 17.66 17.12 18.04 25.60 22.70 20.53
7/15/86 X X 13.90 B8.36 15.30 18.96 18.43 17.49 23.90 18.15 17.61 18.92 17.60 123.49 18.46 18.10 18.22 18.14 25,37 22.54 20.34
71/28/86 X X X 4.70 419 17.4 8.00 17.e8 16.75 23.42 17.80 17.62 18.92 17.33 22.81 17.64 17.86 1B.02 17.8% 25.09 22.46 20.26
8/7/86 X X x X 13.64 NM NM 5.97 10.92 16.36 22.71 17.13 16.02 17.04¢ 15,91 21.86 13.91 14.63 17.2 17.11 25.13 22.52 20.13
8/8/86 X X X X 13.44 NM ] 6.03 10.63 16.3 22.69 17.05 15.83 16.82 15.77 21.8 13.62 14.43 17.06 16,99 25.08 22.5 20.1%
B/18/86 X X X 8.09 B.09 16.46 7.09 16.59 15.91 22.92 17.12 16.64 17.84 16.2 22.33 16.51 16.76 19.07 15.34 24.92 22.48 20.18
B8/26/66 X X X 7.95 B8.35 16.16 7.15 20.13° 15.67 22.8 17.0 16.44 17.72 16.11 22.23 15.36 16.46 17.2 17.07 25.07 22.46 20.15
8/18/86 X 13.58 13.58 NM 15.82 15.39 16.23 22.57 16.91 15.80 16,92 15.83 21.81 15.31 15.28 16.88 16.81 25.06 22.48 20.13
9/11/86 X X 8.99 3.92 17.85 18.87 18.55 16.94 23.54 17.85 17.79 19.03 17.58 23.31 18.55 18.41 17.88 17.89 25.21 22.53 120.23
9/16/86 X 17.97 18.41 18.0 8.16¢ 18.0 18.18 23.32 18.34 18.07 19.13 18.11 22.91 17.88 1B.15 18.29 18.27 25.2 22.67 20.3%
9/17/86 4 18.1 18.5 18.05 B.07 18,05 18.39 23.26 18.45 i8.16 19,19 18.23 22.92 17.93 18.11 144 18.38 25.21 22.6% 20.37
) 11/6/86 X 19.85 20.19 NM 20.98 24.95 19.81 24.62 19.44 19.21 20.42 19.58 24.5) 20.34 20.05 19.34 19.35% 26.21 23.28 120.72
] 11/8/86 X 19.548 19.89 18.88 20.43 9.32 19.65 24.37 19.33 19.04 20.09 19.39 24.30 18.08 18.81 19.30 19.26 25.96 23.02 20.75
= 11/16/86 X 16.84 17,48 19.59 20.49 20.08 19.01 24.32 19.12 19,22 20.57 19.29 24.25 20,16 20.06 19.% 19.18 26.08 23.2 20.65
o 12/18/86 X X 17.17 17.79 19.85 10.02 19.94 19.83 24.97 20.09 20.0 b 21.32 19.83 24.55 19.87 20.18 20.51 20.20 26.3 23.64 20.9
1/23/87 20,24 20.57 20.22 21.3 20.7% 20.13 24.79 19.87 23.84 21.23 20.13 24.34 20,89 20.56 20.04 19.87 26.1 23.42 20.9
3/5/87 X X X 10.88 5.%1 20.08 11.73 20.71 19.15 26.36 20.0% 20.10 21.45 19.73 25.89 20.70 21.02 20.26 20.24 27.58 24.64 21.82
6/24/87c NM NM NM NM NM 17.7 23.70 19.96 17.02° 18.10 17.37 22.91 17.81 17.21 17.70 17.84 NM NM NM
6/25/87 X X X X X NM M NM NM NM 14.98 23.25 17.32 16.16 17.14 15.42 22.61 13.37 15.04 17.64 17,52 NM NM N
6/26/87C X X X X X NM NM NM NM M 12.56 22.74 16-42 1%.04 16.01 13.54 22.02 1l.46 13,50 17.09 16.76 NM NM NM

a

National Geodetic Vertical Datum.
b

Probable measuremcnt error.

c

Measurements were made during City of Renton well field aguifer test; replacement well RW2 was pumping on June 25, 1987, and replacement wells RWl and RW2 were pumping on
June 26, 1987,

Nole: NM = not measured.



Appendix D contains additional geologic cross-sections that
illustrate how the delta fan grades progressively to finer-
grained materials radially outward from the well field until
silt and peat deposts are encountered. These cross-sections
were prepared in support of the Cedar River aquifer sole-
source aquifer petition (CH2M HILL, 1988}.

The downgradient limits of the aquifer were extended to the

southwest in the direction of the o0ld Cedar River streambed

(see Figure 2-5). Prior to its diversion into Lake Washing-
ton in 1916, the Cedar River flowed to the southeast towards
the Black River.
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Section 3
WELL FIELD ZONE OF POTENTIAL CAPTURE

When a well is pumped, a cone of depressicn forms around the
well, If the well is pumping in an aquifer with approxi-
mately uniform regional flow, a flow net typical of that
shown in Figqure 3-1 will be created. An important feature
of this flow net is the groundwater divide. The groundwater
divide bounds the area of the agquifer supplying groundwater
to the well (Bear, 1979). The groundwater divide will prop-
agate outward from the well until recharge from regional
inflow equals the pumping rate of the well. Thus, the posi-
tion of the groundwater divide will change, depending upcn
the well pumping rate and the regicnal groundwater flow
rate.

The area encompassed by the groundwater divide is called the
"zone of potential capture." Theoretically, all of the
groundwater within the zone of potential capture will be
captured if the well is pumped continuously for a long time,
Practically, most wells are pumped intermittently and ground-
water near the boundary of the zone of potential capture may
never reach a well because groundwater travel times are
longer than the duration of pumping. Thus, the actual zone
of capture for a well is generally smaller than the zone of
potential capture.

Because of the overwhelming need to protect the Cedar River
aquifer from contamination and because the entire well field
is pumped relatively continuously during summer when water
demands are the highest, the well field monitoring study
focused on delineating the zone of potential capture rather
than the actual zone of capture for the well field. The
zone of potential capture represents a larger and, there-
fore, more conservative area for purposes of aguifer pro-
tection. In addition, delineation of the actual zone of
capture would be difficult based simply on the measurement
of water levels; detailed computer modeling would be
required.

To define the zone of potential capture for the City of
Renton well field, the water level data collected during the
well field monitoring study were analyzed to determine:

1. Probable directions of groundwater movement under dif-
ferent pumping conditions

2. Cedar River-aquifer interactions
Probable directions of groundwater movement were determined

by constructing contour maps of measured water level eleva-
tions (i.e., potentiometric maps}. Potentiometric maps were

3-1
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constructed for pumping conditions ranging from no wells in
operation (i.e., no pumping) to pumping at 15,000 gpm, a
pumping rate which is approximately 3,600 gpm above the
current well field water right of 11,400 gpm.

Cedar River-aquifer interactions were determined by compar-
ing fluctuations in water levels measured on the opposite
side of the river from the well field (i.e., MW1l) with fluc-
tuations in Cedar River elevations and well field pumping.
Cedar River flow rates, measured by the USGS during the well
field aquifer test, were used to confirm the observed
interactions.

The remainder of this section discusses further how probable
directions of groundwater movement and Cedar River-aquifer
interactions were determined. The section concludes with a
discussion of how the zone of potential capture, for pur-
poses of aquifer protection, was delineated.

PROBABLE DIRECTIONS OF GROUNDWATER MOVEMENT

Figures 3-2 to 3-9 present potentiometric maps for selected
dates when the City of Renton measured water levels. Each
map represents a different pumping condition ranging from
nonpumping to pumping four out of the five existing produc-
tion wells. Table 3-1 lists the date of monitoring and
pumping condition corresponding to each potentiometric map.

Table 3-1
MONITORING DATE AND WELL FIELD PUMPING CONDITION
FOR EACH POTENTIOMETRIC MAP

Total Pumping

Potentiometric Production Wells Rate
Map Monitoring Date in Operation (gpm)
Figure 3-2 January 23, 1987 None 0
Figure 3-3 November 16, 1986 PW1 1,700
Figure 3-4 November 8, 1986 PWO 1,150
Figure 3-5 September 16, 1986 PW8 3,450
Figure 3-6 November 6, 1986 PW3 1,500
Figure 3-7 September 11, 1986 PW1l, PW2 4,700
Figure 3-8 August 26, 1986 PWl1l, PW2, PWS8 7,760
Figure 3-9 August 8, 1986 PW1l, PW3, PW8, PW9 10;3%5

Figure 3-2 is a potentiometric map for what approximates a
nonpumping condition; operational constraints on the City of
Renton distribution system made it impossible to shut off
all five production wells long enough for complete recovery
of the water table. At the time that water levels were

3-3
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measured on January 23, 1987, none of the wells were operat-
ing; however, all of the wells had been in operation earlier
in the day. Regardless, Figure 3-2 does indicate that the
regional direction of groundwater movement 1s generally to
the southwest and west, with a component to the northwest.
The southwestern and western components are in the same
direction as the original Cedar River streambed prior to its
diversion towards Lake Washington. Measured groundwater
elevations in the southwestern portion of Renton are lower
than those measured near the well field indicating there 1is
a gradient towards the Black River. The northwestern
component is in the direction of Lake Washington. Lake
Washington is maintained at an elevation of 13 to 15 feet.
This elevation range 1s several feet lower than groundwater
elevations measured to the northwest of the well field.

Figure 3-2 1llustrates an important feature of the Cedar
River aquifer that needs to be considered when constructing
potentiometric maps. A comparison of the Cedar River eleva-
tion measured at SGl with the groundwater elevation measured
at MW2 shows a difference of just over 1 foot. As will be
discussed later, this difference in elevation appears to be
due to a zone of low-permeability material that limits com-
munication between the river and the aquifer. Thus, Cedar
River elevations are not representative of water table ele-
vations in the vicinity of the well field.

Figures 3-3 through 3-6 are potentiometric maps for single-
well pumping conditions. These maps illustrate how a
groundwater divide forms regionally downgradient of each
pumping well. Between the pumping well and the groundwater
divide there is a reversal in the direction of groundwater
movement. Beyond the groundwater divide (1i.e, farther to
the northwest), groundwater movement is in the direction of
the regional gradient (see Figure 3-2). The groundwater
divide shown in each figure delineates the approximate
boundary of the downgradient portion of the aquifer that has
the potential to supply water to the pumping well (i.e., the
zone of potential capture). Figures 3-3 through 3-6 illu-
strate the extent of the zone of potential capture when PW1,
PW9, PW8, and PW3 are in operation, respectively.

It is important to note that the exact position of the
groundwater divide 1is difficult to determine because the
water table is relatively flat in the area bounded by moni-
toring wells MW3, MW4, MW10, and MW1ll. Generally, water
level elevations measured at these wells are within several
tenths of a foot.

Figures 3-7 through 3-9 are potentiometric maps for typical
multiple well pumping conditions. With wells PWl and PW2
pumping (see Figure 3-7), the zone of potential capture ex-
pands beyond its position when only well PWl is pumping (see
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Figure 3-3), with the groundwater divide located somewhere
beyond monitoring wells MW10 and MWll. When PW8 is pumped
in combination with PWl and PW2 (see Figure 3-~8), the
groundwater divide is also beyond MW10 and MW1ll, as it is
when wells PW1, PW3, PW8, and PW9 are operating (see Fig-
ure 3-9).

Because the zone of potential capture extends beyond the
City of Renton monitoring well network under high pumping
conditions (see Figures 3-7 through 3-9), it was not pos-
sible to determine the position of the groundwater divide
based only on data collected during the well field monitor~
ing study. Additional water level data from the Olympic
Pipe Line leak abatement study (GeoEngineers, 1986b), PACCAR
defense systems site assessment study (Hart-Crowser, 1986a),
and the well field agquifer test (RH2 Engineeiing, 1987a and
1987b) were used. Figures 3-10 through 3-13" are regional
potentiometric maps that illustrate the probable position of
the groundwater divide for:

o Late July of 1986 with PW2 pumping
o] Mid-November of 1986 with PWl, PW2, and PW8 pumping

o June 25, 1987, with PWl, PW2, PW3, PW8, PW9, and
RW2 pumping

o June 26, 1987, with PW1l, PW2, PW3, PW8, PW9, RWIl,
and RW2 pumping

A comparison of the position of the groundwater divide shown
in Figures 3-10 through 3-13 shows that the zone of poten-
tial capture expands to the northwest as well field pumping
increases. On November 6, 1986, PW3 was pumping at a rate
of 1,500 gpm (see Figure 3-10); on July 28, 1986, the well
field was pumping at 7,700 gpm (see Figure 3-11}; on

June 24, 1987, the well field was pumping at the current
well field water right of 11,400 gpm (see Figure 3-12); and
on June 25, 1987, the well field was pumping at 15,000 gpm
{see Figure 3-13).

CEDAR RIVER-AQUIFER INTERACTIONS

Cedar River-aquifer interactions were determined by:

1. Comparing groundwater elevations measured in MWl and
MW2 with measured Cedar River elevations and with well
field pumping

2. Evaluating the results of the City of Renton well field
agquifer test

1Figures 3-10 through 3-13 are located in pockets at the end
of the report.
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Monitoring of Cedar River and groundwater elevations during
the well field monitoring study found that the Cedar River
is typically higher in elevation than the water table. Fig-
ure 3-14 shows hydrographs for monitoring well MW2 and stage
gage SGl, A comparison of the elevations measured at these
two locations shows a difference of 1 to 3 feet. The same
relationship holds between MWl and S8G2. This difference in
elevation appears to be due to a zone of low-permeability
material that limits communication between the river and the
aquifer. Drillers logs for RW1l, RWZ2, and RW3 show the pres-
ence of a low-permeability material that may underlie the
Cedar River in the vicinity of the well field (Hart-Crowser,
1987a). This material probably limits the amount of ground-
water recharge coming from the river. Further evidence of
the presence of this material is that pumping tests on RW1,
RW2, and RW3 (Hart Crowser, 1987a) and RW9 (Hart Crowser,
1983) indicate that locally the aquifer behaves as a semi-
confined aquifer.

Monitoring of water level fluctuations in MW1 during the
well field monitoring study found that well field pumping
probably influences groundwater movement on the south side
of the Cedar River. Figures 3-15 through 3-17 compare water
level fluctuations in MWl with those for PW1l and PW2, PWS8,
and PW9Y9, respectively. Fluctuations in Cedar River eleva-
tions at SGl are also plotted in each figure. All three
figures show that water level fluctuations in MW1 generally
correspond to those measured at SGl. On August 26, 1986,
November 16, 1986, and March 5, 1987, however, MWl shows a
slight response to the pumping of PWl and PW2 (see Fig-

ure 3-15)., This response indicates that pumping of PW1l and
PW2 influences groundwater movement on the opposite side of
the river. As will be discussed later, the results of the
well field aquifer test more clearly demonstrate the in-
fluence of PW1l and PW2. As Figures 3-16 and 3-17 indicate,
pumping of PW8 and PW9 appears to have little or no effect
on groundwater movement south of the river, probably because
of the distance of these wells from the river. This finding
is consistent with the results of the PW9 hydrogeclogic
analysis (Hart-Crowser, 1983).

The well field aquifer test provided an copportunity to con-
firm some of the observations made based on the well field
monitoring study results. Cedar River streamflow measure-
ments made by the USGS while the well field was pumping at
the current water right of 11,400 gpm and a rate of

15,000 gpm confirmed that in the vicinity of the well field
the amount of Cedar River water recharging the aquifer is
small compared to the river flow rate. Within the accuracy
of the flow rate measurements (i,e., %5 percent), the USGS
was unable to detect any difference in flow rate upstream
and downstream of the well field under either pumping con-
dition (RH2 Engineering, 1987b). The mean and standard
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deviation of the 14 Cedar River streamflow measurements made
by the USGS were 335.9 cubic feet per second (cfs) and
10.6 cfs, respectively (RH2 Engineering, 1987a):.

Continuous water level measurements made during the City of
Renton well field agquifer test confirmed that water levels
in MWl respond to the pumping of PWl and PW2. Figure 3-18
shows how measured water levels in MWl changed with time
during the test. Figure 3-19 shows how well field pumping
varied during the test, and Figure 3-20 shows the variation
in Cedar River stage during the test. The water level fluc-
tuations in MWl correlate well with changes in well field
pumping. As Figure 3-18 illustrates, water levels in MW1
recovered during the 8-hour nonpumping periocd and then de-
clined in response to well field pumping. The sudden de-
cline 32 hours after the start of the test represents the
response of MWl to the increase in well field pumping rate
from 11,400 gpm to 15,000 gpm. As Figure 3-20 illustrates,
the elevation of the Cedar River was relatively constant
throughout the test.

ZONE OF POTENTIAL CAPTURE

In reviewing the potentiometric maps discussed earlier (see
Figures 3-2 through 3-13), the largest observed zone of
potential capture occurred when the well field was pumping
at 15,000 gpm (see Figure 3-13). This well field pumping
rate does not represent a current pumping condition in that
it is 3,600 gpm higher than the current well field water
right. The next largest observed zone of potential capture
occurred at a pumping rate of 11,400 gpm (see Figure 3-12).
Because this pumping rate is representative of current con-
ditions, it was selected for purposes of aquifer protection.
The groundwater divide delineating the boundary of this zone
of potential capture was extended south of the Cedar River
to encompass that portion of the aguifer wherein the probable
direction of groundwater movement is toward the well field.
Figure 3-21" shows the resultant boundary of the zone of
potential capture delineated for purposes of aquifer
protection.

1Figure 3-21 is in a pocket at the end of the report.

3-19



WATER LEVEL ELEVATIONS (NGVD)

20
19—
18 —
E 17-]
w
w
5 16
-
W T
: :
14
.13
12 T I I ] T

0 10 20 30 40 50 60
TIME AFTER START OF TEST (HOURS)

[ 6/24/97 | 6/25/87 ] 8/26/87 |
DATE
FIGURE 3-18
HYDROGRAPH FOR MW1

DURING WELL FIELD AQUIFER TEST
CITY OF RENTON, WA



R W ul GE b Uk A R Y O ap B R PR 0 R EE o T

Tz-¢

WELL FLOWRATE (gpm x 1000)

16
® 1M
14 —
13 .
12 -
TOTAL ‘

11 —
10 - B
9 —

B —

7 pu

6 —

S T

4 i

. RW 142 b

D o e —
1 — O N el A — A A — A - Bl
o T T T I |
0 10 20 30 40 50 60
TIME AFTER START OF TEST (HOURS)
[ 6/24/87 | 6/25/87 6/26/87
DATE
FIGURE 3-19

PRODUCTION WELL FLOWRATES
DURING WELL FIELD AQUIFER TEST
CITY OF RENTON, WA



10

8—1

STAGE (FEET)

ZZ-¢

10

| | 1
20 30 40

TIME AFTER START OF TEST (HOURS)

50 60

6/24/87

l 6/25/87
DATE

6/26/87 |

FIGURE 3-20

CEDAR RIVER STAGE

AT GAGE NO. 12119000

DURING WELL FIELD AQUIFER TEST

CITY OF RENTON, WA
e W

- W aEn a2




Section 4
AQUIFER PROTECTION AREA

The City of Renton aquifer protection ordinance will require
that an APA be delineated around each well, well field, or
spring owned or operated as a potable water supply. An APA
encompasses the recharge area for a well, well field, or
spring. Each APA may be subdivided into two zones, each
having a different level of protection. For a well or well
field, Zone 1 is defined as the area between the well or
well field and the 1l-year groundwater travel time contour.
Zone 2 is defined as the area between the l-year groundwater
travel time contour and the overall boundary of the APA.

The decisicn as to whether or not to subdivide an APA into
one or two zones will be based on the susceptibility of the
well or wells in that APA to contamination. An APA that
contains at least one shallow well that is susceptible to
contamination will be divided into two zones. An APA that
contains only deep wells that are protected by overlying
geologic materials will not be subdivided; in this case, the
entire APA will be classified as a Zone 2 area.

This section discusses how the APA for the City of Renton
well field was delineated, given the boundary of the zone of
potential capture (discussed in Section 3), estimates of
probable groundwater travel times, and the hydrogeologic
characterization performed during the well field protection
study. This section also discusses how the well field APA
was subdivided into two zones.

APA DELINEATION

The APA was delineated by determining the boundary cof the
area contributing recharge to the well field. This boundary
was divided into two segments: a segment regionally down-
gradient of the well field and a segment regionally upgradi-
ent. The regionally downgradient segment corresponds to the
boundary of the zone of potential capture selected for pur-
poses of aquifer protection (see Figure 3-21). Under cur-
rent pumping conditions (i.e., under the current water

right of 11,400 gpm), groundwater within this boundary could
be captured by the well field. The regionally upgradient
segment encompasses those portions of the uplands north and

1The l-year contour bounds that portion of the aquifer
wherein the time for groundwater to move to a well is ap-
proximately equal to or less than 365 days.



south of the Cedar River that contribute recharge to the

Cedar River aguifer. Although the entire Cedar River drain-

age basin theoretically contributes recharge to the aquifer,
it is not practical to include the entire basin in the APA.
Figure 4-1 shows how the two segments were merged to obtain
an overall boundary for the APA. The eastern boundary of
the APA corresponds to the Renton city limits.

DELINEATION OF ZONES

As was stated earlier, Zone ! is the area situated between
the well field and the l-year groundwater travel time con-
tour. Conceptually, Zone 1 encompasses groundwater that is
within a l-year travel time of the well field, assuming
continuous pumping. To delineate the boundary of Zone 1,
probable groundwater velocities and associated travel times
under different pumping conditions were calculated.

The average groundwater velocity is directly related to the
gradient (i.e., slope of the water table), hydraulic con-
ductivity, and effective porosity in the following manner.

vV = KJ./ne
where
v = average linear groundwater velocity, ft/day
K = hydraulic conductivity, ft/day
i = gradient, ft/ft
n = effective porosity, dimensionless

e

Table 4-1 summarizes information available on Cedar River
aquifer properties. Pumping tests in the vicinity of the
production wells indicate that the transmissivity is on the
order of 1,000,000 gpd/ft. Upgradient of the bedrock nar-
rows the transmissivity decreases to about 55,000 gpd/ft.

Table 4-1
CEDAR RIVER AQUIFER PROPERTIES
Transmissivity Storage
Location {gpd/ft) Coefficient Reference

Production Well 9 2,300,000 0.02 Hart-Crowser, 1983
Replacement Wells

1, 2, and 3 1,000,000 0.025 Hart-Crowser, 1987a
Olympic Pipe Line

Monitoring Wells 55,000 - GeoEngineers, Inc.,

1986b
4-2
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Assuming the transmissivity of 1,000,000 gpd/ft is represen-
tative of the entire Cedar River aquifer downgradient of the
bedrock narrows, a hydraulic conductivity of 1,900 feet per
day was estimated as follows, using an average saturated
thickness of 70 feet.

K=1T/b
where

T
b

transmissivity, gpd/ft
saturated thickness, ft

Upgradient of the bedrock narrows, the estimated hydraulic
conductivity is 460 feet per day, assuming a 15-foot sat-
urated thickness.

The silty sands and silts to the northwest and southwest of
the Cedar River aquifer have a comparatively low hydraulic
conductivity. Information in the PACCAR site assessment
(Hart-Crowser, 1987b) suggests that the hydraulic conductiv-
ity for these materials could be on the order of 0.4 foot
per day.

The effective porosity of all the aquifer materials was as-
sumed to be 0.25,

The gradient varies throughout the Cedar River aquifer, de-
pending upon well field operation and regional groundwater
flow conditions. Table 4-2 summarizes ranges in average
gradients between the well field and some of the potential
contamination sources identified in the well field protec-
tion study (see Figure 4-2), Table 4-2 alsc summarizes
ranges in average gradients between the well field and two
other locations: the regionally downgradient limits of the
zone of potential capture delineated for purposes of aquifer
protection (see Figure 3-21) and the bedrock narrows (see
Figure 2-5). Gradients were estimated by tracing the ground-
water flow path between the potential source and one of the
wells in the well field. The potentiometric maps described
in Section 3 were used to obtain gradients for a range of
pumping conditions. The difference in elevation between the
potential source and the well was calculated and then divided
by the length of the groundwater flow path. Average gradi-
ents for the downgradient limits of the zone of potential
capture and bedrock narrows were estimated by determining

the shortest and longest groundwater flow paths to one of

the wells in the well field. An average groundwater velocity
corresponding to each gradient was calculated with the equa-
tion above. Each calculated velocity was then converted

into a groundwater travel time by dividing the length of the

groundwater flow path by the corresponding velocity. Table 4-2

lists ranges of calculated groundwater velocities and ground-
water travel times.



Table 4-2
ESTIMATED RANGES OF GRADIENTS, GROUNDWATER VELQOCITIES,
AND GROUNDWATER TRAVEL TIMES BETWEEN THE WELL FIELD
AND SELECTED LOCATIONS

Groundwater
Gradient Groundwater Velocity Travel Time
Location (ft/ft) (ft/day) {days)
Potential Contamination Sourcesa
Texaco Service Station 0.002 - 0.016 20 - 120 1 -9
Union Service Station 0.002 - 0,013 20 - 100 g - 70
Exxon Service Station 0.004 - 0.007 30 - 50 30 - S0
Abandoned service station 0.004 - 0,013 30 - 100 20 - 50
Stoneway Concrete Plant 0.004 - 0.015 30 - 110 9 ~-70
North American Refractories
Brick Plant 0.010 -~ 0.021 80 - 160 7 - 30

Other Locations
Bedrock Narrows 0.003 - 0.004 20 - 30 160 ~ 18C
Regionally downgradient
iimits of the zone
of potential capture 0.001 - 0,013 8 - 100 20 - 365

a
Identified in the well field protection study (CH2M HILL, 1984);
see Figure 4-2 for locations.

bDelineated for purposes of aquifer protection (see Figure 3-21).
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The results in Table 4-2 show that groundwater travel times
from potential sources of contamination range from one day
to several months. Contaminants with a low affinity for
adsorption to aquifer materials would exhibit similar travel
times if the effects of dispersion are neglected. Thus, the
time available to respond to a release from one of these
sources is relatively short.

The groundwater travel time from the bedrock narrows is es-
timated to be on the order of 160 to 180 days. Thus, the
City of Renton would have more time to respond to a release
of contamination from potential sources upgradient of the
bedrock narrows. This range of travel times is probably
conservatively low because a transmissivity of

1,000,000 gpd/ft was assumed for the entire Cedar River
aquifer downgradient of the bedrock narrows; the actual
transmissivity of the aquifer between the bedrock narrows
and the well field is probably lower.

Travel times from the regionally downgradient limits of the
zone of potential capture delineated for aquifer protection
purposes range from 20 to greater than 365 days for the con-
ditions that were monitored. Travel times greater than

365 days occur in an area north of the well field where the
zone of potential capture extends beyond the limits of the
sand, gravel, and cobbles associated with the Cedar River
aquifer, into the silt and peat deposits associated with
Lake Washington. The relatively low hydraulic conductivity
of these lake-type deposits results in small groundwater
velocities and long groundwater travel times.

The boundary of Zone 1 was delineated based on the calcu-
lated travel times. The regionally downgradient boundary

of Zone 1 was delineated as the zone of potential capture
boundary (see Figure 3-21) except to the north where the
zone of potential capture extends beyond the limits of the
Cedar River aquifer (see Figure 2-5). In this area the
aquifer limits were used as the Zone 1 boundary. Ground-
water velocities in aquifer materials beyond the Cedar River
aquifer limits will be relatively low, given the much lower
hydraulic conductivity of these materials. 1In addition, the
actual hydraulic conductivity of the materials near the
aquifer limits is probably lower than the assumed value of
1,000,000 gpd/ft, given the higher percentage of sands and
silty sands. Figure 4-1 illustrates the location of the
Zone 1 boundary relative to the overall APA boundary.

Regionally upgradient of the well field, the walls of the
Cedar River valley were selected as the boundaries for

Zone 1. According to the hydrogeologic characterization
performed during the well field protection study, the valley
walls represent a distinct hydrogeologic boundary that sepa-
rates the alluvial deposits comprising the Cedar River




aquifer and the glacial drift, till, and outwash deposits
that comprise the upland areas. Figure 4-1 shows the
regionally upgradient extension of the Zone 1 boundaries.

The position of the eastern, or most upgradient, boundary of
Zone 1 was estimated by calculating the distance groundwater
upgradient of the bedrock narrows, would travel in 195 days.
This timeframe is the difference between the l-year (365 day)
travel time established for the Zone 1 boundary and the aver-
age estimated travel time from the bedrock narrows to the
well field (i.e., 170 days). Assuming a hydraulic¢ conduc-
tivity of 460 feet per day, a gradient of 0.0048 foot per
foot, and an effective porosity of 0.25, groundwater would
travel a distance of approximately 1,700 feet in 195 days:
the gradient was estimated based on groundwater elevations
measured during the Olympic Pipe Line Leak Abatement Study
(see Figure 3-10). Thus, the eastern boundary of Zone 1 was
determined to be 1,700 feet upgradient of the bedrock nar-
TOwWS.

Zone 2 of the APA is the portion of the aguifer between the
180-day groundwater travel time contour and upland areas
that contribute recharge to the aquifer (see Figure 4-1).



Section §
GROUNDWATER QUALITY

Existing groundwater qguality conditions in the Cedar River
aquifer were evaluated as part of the well field protection
study. This evaluation involved the review of avallable
water quality data for the City of Renton production wells,
The available data consisted of bacteriological, inorganic,
chemical, and physical parameters measured in accordance
with the Washington Department of Social and Health Services
(DSHS) regulations. Data were also available on turbidity,
trihalomethanes, corrosivity, pesticides, and radionuclides.

The avallable water guality data indicate that, at the time
sampling was conducted, groundwater in the Cedar River
aquifer satisfied current DSHS drinking water requirements.,

To supplement the existing groundwater quality data base,
priority pollutant analyses were conducted on water samples
from monitoring wells MWl, MW4, MW5, and MW7. All four
wells were sampled with a stainless steel bailer on June 12,
1986. Three to five well volumes were purged from each well
prior to sampling, and the baller was decontaminated before
sampling each well. Except for the water samples submitted
for metals analysis, all of the samples were unfiltered.

The samples for metals analysis were filtered in the field
with a 0.45-micron filter,.

Table 5-1 provides a comparison of current and proposed max-
imum contaminant levels (MCLs} with the sampling results.
MCLs are enforceable standards for drinking water specified
by the Environmental Protection Agency under the Safe Drink-
ing Water Act., The results in Table 5-1 show that in June
of 1986 groundwater in the Cedar River aquifer satisfied
both the current and proposed MCLs.

Appendix E contains the laboratory report for the priority
pollutant analyses. No extractable organics or pesticides
were detected in any of the samples. The only volatile or-
ganics that were detected were methylene chloride and
acetone at concentrations ranging from 20 to 64 ug/l and
trace to 9 ug/l, respectively. According to the laboratory
report (see Appendix E), methylene chloride and acetone are
common laboratory solvents, and it is probable that the
presence of these compounds is because of unavoidable
laboratory contamination.

The metals results (see Appendix E) show that cadmium chro-
mium, copper, nickel, silver, and zinc were detected in
concentrations ranging from 1 to 75 ug/l. Table 5-1 shows
that both cadmium and chromium were detected at levels below
current MCLs.



Table 5-1
COMPARISON OF MAXIMUM CONCENTRATION LEVELS (ug/1) WITH
WATER QUALITY SAMPLING RESULTS,
CITY OF RENTON MONITORING WELLS

a

MCL June 12, 1986, Sampling Results Detection
Constituent Current Proposed MWl M4 MW5 MW7 Limit
Inorganic
Arsenic 50 ND ND ND ND 5
Barium 1,000 NM NM NM NM -
Cadmium 10 ND ND 2 2 1
Chromium 50 1 1 3 2 -
Selenium 16 ND ND KD ND 5
Lead 50 ND ND ND ND 10
Nitrate 10,000 NM NM NM NM -
Organic

Endrin C.2 ND ND KD ND 0.04
Lindane 4 ND ND ND ND 0.02
Methoxychlor 100 ND ND ND KD 0.1
Toxaphene 0.5 ND ND ND ND 5
2,4-D 100
2,4,5~TP silvex 10
Benzene 5 ND ND ND ND 1
Carbon tetrachloride 5 ND ND ND ND 1
1,2-Dichloroethane 5 ND ND NG - ND 1
1,1-Dichloroethylene 7 ND ND ND ND 1
p~Dichlorobenzene 750 ND ND ND ND 1
1,1,1-Trichloroethane 200 ND ND ND ND 1
Trichloroethylene ND ND ND ND 1
Vinyl chloride 1 ND ND - ND ND 1

aHaximum Contaminant Levels, U.S. Environmental Protection Agency, September 1986.

Note: ND=Not detected.
NM=Not measured.

All concentrations in ug/1.
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CHOM HILL MONITORING WELL LDS

PROJECT:  CITY OF RENTON GROUNDWATER MONITORING WELLS
NUMBER: 520080, RO

COMPLETION DRTE: January 23, 198t

LOCATION: RENTON, WASHINGTOM

BROUND ELEVATION: 40.9 ft
PVC CASING ELEVATION: 40, bi ft NS

DEPTH TO WATER FROM
GROUND & DATE: 21.1 ft., 2-22-86

WELL: M1

DRILLING METHOD: CABLE TOOL, 8~INCH CASING

DRILLER: HOKKAIDD DRILLING AND DEVELDPEMENT CO,
ERAHAN

Y

INSPECTOR:  SCOTT MCKINLEY / SER
SAMPLING METHOD: EXAMINATION OF BAILED CUTTINGS

DEPTH | DESCRIPTION OF MATERIALS I RECORD I WELL CONSTRUCTION
BELOW | i1 DRAWING | DETAILS
SURFACE | 1l |
{feet) | H |
' =
|
0+ SANDY LOAM, brown i+ ! | Concrete meter box with lid
! SAND AND hRUEL fine to coarse sard and I | 8" steel casing with locking cap
I fine to med ravel 1 |  (See Bereralized Well Comstructicen
b H : diagran for detail)
I
§ + GRAVEL, fire to med rounded gravel with some [+ |
; fine to coarse sard :II II
| H !
| H |
10+ i+ I
| ” 4——!—I Cenent /bentonite seal
|
| 1! i
i ! - +—2" SCH 40 PVC threaded flush
15 + I+ I coupled tasing
| BRAVEL, fine to coarse gravel with some I |
| coarse sand | |
| SAND, med to coarse sand with some fire I |
| to coarse gravel | I
20  + SAND AND B , coarse sand and fine to I+ i
{ med gravel N |
| I |
| I {
| i1 |
& 4 I+ |
| i !
| il !
1 1] |
| i |
0+ 1+ |
| il <—— Bentonite pellets
! N 4L Centering guide
: IIII --.--&—-I Fire sand
Iz o+ I+ }
| il I
{ 1 |
i 1] - |
} it — |
4+ ;|+ — !
! - |
: ” — -<e~—+—25and pack (Monterey- figua #8)
i i - = Machine slotted SCH 40 PVC screern
45 4+ “ ] : (20 slot size)
I -
I H — e—d— Centering guide
. L INEA g
I I End cap
o0+ I+ |
| I !
i 1 I
I I }
| 11 I
= H | FIGURE B-1
! H | MW-1 WELL LOG AND
:cuw svhite clay. sood plasticit lI! : CONSTRUCTION DIAGRAM
, grayi ite cla plasticity, i
&0 1'- extrexely dense (mfusﬁ End of Boring H : CITY OF RENTON, WA
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CHeM HILL MONITORING WELL LOG

PRELJECT:
NUMEER:

CITY OF RENTON GROUNDWATER MONITORING WELLS
520080, RO

COMPLETION DATE: January 27, 1986
LOCATION: RENTON, WASHINGTON

GROUND ELEVATION: 36.1 ft, MSL
PVC CASING ELEVATION: 35.50 ft, MSL

DEPTH TO WATER FROM

WELL: MW-3
DRILLING METHOD: CABLE TOOL, 8-INCH CRSING

DRILLER: HOKKAIDO DRILLING AND DEVELOPEXENT (O,
GRAHEM, WA

INSPECTOR: SCOTT MCKINLEY / SER
SAMPLING METHOD: EXAMINATION OF BAILED CUTTINGS

GROUND & DATE: 16,1 ft., 2-22-86
DEPTH | DESCRIPTION OF MATERIALS H RECORD I WELL CONSTRUCTION
BELOW | il DRAWING | DETAILS
SURFACE | 11 i
(feet} | ki I
| I |
!
¢+ SILTY LOAM, gray-brown, loose 4 T ] ! Loncrete meter box with lid
i i1 i B" steel casing with lockine cap
1 SILTY LOAM, brown, wet H I (See Gereralized Well Construction
| l: : diagram for detail)
| |
5  + 5AND, fire to coarse with some silt and clay, H I
: low plasticity ” i
| BRAVEL, fine to coarse, with some fine to coarse 1! i
{ sand [ i
10+ ]}; --—-+—| Cewent /bentorite seal
I
| I |
! i1 l
i (1
15+ GRAVEL, fire to coarse, rounded gravel i+ - t=—2" SCH 40 PVC threaded flush
: “ : coupled casing
: :: |
26 + BRAVEL, fire gravel with trace med to coarse I+ 1
| sand I !
! H i
! I |
| SAND, coarse sand with some fine to med, H |
25 : rounded gravel “- :
I I |
| GRAVEL, fire to coarse, rounded gravel with 1l i
| some coarse sand i |
0+ I+ {
! SILTY SANG, fire silty sand. brown with 11 i
: some clay, wed plasticity ” :
i E === Bentonite pellpts
I+ I+ $=— Centering guide
| I Fire sand
| SAND AND BRAVEL, coarse sand with fine to coarse, || i
: rounded gravel H - :
0 4 I+ ] |
E H — 4-—-:— Sand pack (Morterey- Rgus 48)
| BAND, coarse sard with some fire pravel I ] +— Machine slotted SCH 40 PVL screen
| . i - { (20 slot si1ze)
45 + I+ — |
| SAND AND BRAVEL, fine to coarse sand with H ] !
: fine gravel H — :
o | I A ;74__:_! Cemtering guide
+ +
I i1 -sr——Natural formation
I Hl - +— Bottom sump
! End of boring :II —4—' End cap
' FIGURE B-3
B3 MW-3 WELL LOG AND
CONSTRUCTION DIAGRAM
CITY OF RENTON, WA



EH2M HILL MONITORING WELL LOG

PROJECT:  CITY OF RENTON GROUNDNWATER MONITORING WELLS
MUMBER: 520080, A

COMPLETION DATE: January 29, 1986

LOCATION: RENTON, WRSHINGTON

BROUND ELEVATION: 36.9 ft
PVC CRSING ELEVATION: 36. h ft WSL

DEPTH TO WATER FROM
GROMD & DATE: 16.9 ft., 2-22-86

WELL: Mh-4
DRILLING METHOD: CABLE TOOL, 8-INCH CASING
DRILLER: !éﬂ(KQ_IDU DRILLING AND DEVELDFEMENT CC,

iy

INSPECTOR: SCOTT MCKIMLEY / SEA
SAMPLING METHOD: EXAMINATION OF BRILED CHTTINGS

DEPTH | DESCRIPTION OF MATERIALS RECORD I WELL CONSTRUCTION
BELOW | DRAWING | DETRILS
SURFACE i |
(feet) | }
| ] |
i
0 + GANDY LOAM, coarse sand, brown ard some mn | Concrete meter box with lid
i silty clay I B" steel casing with lockinp cap
| | b {See Gereralized Well Corstruction
: 5 |I diagram for detaill
S+ SOND AND BRAVEL, coarse sand with fire, rounded I+ i
| gravel { |
| ! |
| i i
10 T SAND, coarse sand and some fine Oravel r 4——:—-Cenentlbentonite seal
] ! |
| | 1
| | |
15+ + w———t= 2" SCH 40 PVC threaded flush
{ ! {  coupled casing
| ! i
|
| SAND, coarse sand and sowe fine to coarse, I 1
20 }- rounded gravel + |
} |
i | |
{ I |
| ! i
25+ + }
{ ! |
I SAND, fire to coarse sand and mircr fine gravel { |
| i
30+ \ + |
i N —+—Bentonite pellets
] | &= p—Fs——Centering guide
I BRAVEL, fire to med rounded gravel and | —=—t— Fine sar
! sowe coarse sang I {
3B+ + - I
| =N
: Il . I Sand pack (Monterey- Agua #8)
W+ v B |
} SAND AND BRAVEL, coarse sand with fire to med, I I t— Machire slotted SCH 40 PV screen
: rounded gravel f - = {20 slot size)
| | | :
45 + + —
: : \_/“\ A—-&—Centermg puide
| SAND, fine to coarse sand and winor fine gravel } —-4— Natural formation
! I - = Bottor sump
50 T END OF BORING + = = End cap
} |
FIGURE B-4
MW-4 WELL LOG AND
CONSTRUCTION DIAGRAM
CITY OF RENTON, WA

-\



CHen HILL MONITORING WELL LDS

PROJECT:  CITY DF RENTON GROUNDWATER MONITORING WELLS
NUMBER:  520080.A0

COMPLETION DRTE: January 31, 1986

LOCATEON: RENTON, WASHINGTON

BROUND ELEVATION: 38.8 ft, M5t

. PYC CASING ELEWATION: 38.32 ft, ML

DEPTH TO WATER FROM

WELL: M5

DRILLING METHOD: CABLE TOOL, B-INCH CASING

DRILLER: HOKKRIDO DRILLING AND DEVELOPEMENT (D, '
GRAHAM, WA

INSPECTOR: SCOTT MCKINLEY / SER
SAMPLING METHOD: EXAMINATION OF BAILED CUTTINGS

GROUND § DRTE: 17.4 fi, 2-22-86
DEPTH 1 DESCRIPTION OF MATERIALS H RECORD | WELL CONSTRUCTION
BELOW | ' DRANING | DETRILS -
SURFACE i I I
{feet) | I ;
' ==
|
0+ SILTY-CLAY LOAM, brown I+ Ik | Concrete meter box with lid
| H i 8" steel casing with lecking cap
| IE | (See Gemeralized Well Construction
| H : diagram for detail)
i
5 o+ i+ ]
! I I
I CLAY, approximate 4" layer of gray clay H |
| SAND, fine to cecarse sand and some fine i !
| to wed, rounded gravel, Trace of brown sili H I
10+ SAND AND GRAVEL, coarse sand with fire gravel It <[ Cenent/bertonite seal
i
i I I
i i [
! 1t |
15+ b+ - t— 2° SCH 40 PVC threaded flush
: :II | coupled rasing
H
| SAND, coarse sard and sowe fine to coarse I I
! rourded gravel B !
20 ¢ I+ |
i I |
! I i
| i I
I ¥ !
25  + SILTY CLAY, dark gray-brown, plastic ard i+ }
| clumpy H |
] 1 f
§ H I
i 1 I
30 + GRAVEL, fine to med, rourded gravel ard i+ I
| some coarse sand, gravisk in color N T Bentonite pellets
i I — Centering puide
: ” — IT ~ Fine sand
3+ I+ [ |
i I = |
| SEND, med to coarse sand and some fine ] — |
I to med, rounded gravel, brown :: ] "'-—r—l Sand pack {Monterey- Aqua #8)
I [
40 + I+ — |
| 1t =t Machire slotted SCH 40 ML screen
: Iill ] E (20 slot size)
t IH ] i
45 + + —
! :} \/ ¥A—:— Centering guide
|
| it T Natural formation
} I (*=—1—1— Bottow sums
50  + END OF BORING ” - Il End cap
I
FIGURE B-5
MW-5 WELL LOG AND
Bs CONSTRUCTION DIAGRAM

CITY OF RENTON, WA



CHOM HILL MONITORING WELL LOB

PROJECT:  CITY OF RENTON GROUNDWATER MONITORING WELLS

NMBER: 520080, RO
COMPLETION DATE: FEBRUARY S, 1985
LOCATION: RENTON, WASHINGTON

GROUND ELEVATION: 39.1 ft, MSL
PVC CASING ELEVATION: 38, A3 ft, MSL

DEPTH 10 WATER FROM
GROUND & DATE: 19.4 ft, 2-22-86

WELL: MM-6
DRILLING METHDD: CRBLE TOOL, 8-INCH CASING
DRILLER: HOKKAIDD DRILLING AND DEVELOPEMENT CO,

INSPECTOR: SCOTY MCKINLEY / SEf
SAMPLING METHOD: EXAMINATION OF BAILED CUTTINGS

DEPTH | DESCRIPTION OF MATERIALS i RECORD I WELL CONSTRUCTION
BELOW | i DRAWING | DETAILS
SURFACE 1 I |
(feet} | I |
: —
0  + SILTY-CLAY LOAM, brown, meist, clumpy, + T | Concrete meter box with lid
| and trace coarse sand | { 8" steel casing with locking cap
} | |  (See Generalized Well Construction
: !I I| diagrae for detail)
5 4 + }
I i i
| I i
: * :
|
16+ BAND, fire to coarse sand ard some fine to coarse, [+ -a—1—4~— Coment /bertonite seal
: rourded gravel, loose : :
| | |
5 ¢ + a—1—t— 2% SCH 40 PVE threaded flush
: i : coupled casing
: SAND, fire to coarse sand : :
V] + i
} } I
| | |
: '. :
29 T SAND, med to coarse sand and minor fine gravel I :
I | !
| | f
I | ]
30 + + |
! ! —+——Rertonite pelleis
| I 3—F—Centerin guide
: : —-—"=—'}_ Fire sang
35 + + - |
i ! — }
i i — i
I : — --—t—-Sand pack ( Monterey-agua #8 )
& 4 + == I
| ; B +—Machine slotted SCH 40 PVC screen
: SAND, coarse sand and sowe fine, rounded gravel : - i (20 slot sizel
. | } - |
' + + L |
{ GRMVEL, fire to coarse rounded gravel ard I \./ \A—!—Centerin guide
: Some coarse sand : T—r—ﬂatural ormation
| I - — Bottow sump
3 ~l‘ END OF BORINS *I' End cap
|
~ FIGURE B-6
MW-6 WELL LOG AND
CONSTRUCTION DIAGRAM
CITY OF RENTON, WA
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CHoM HILL MONITORING WELL LOG

PROJECT:  CITY DF RENTON GROUNDWATER MONITORING WELLS WELL: W47
NUMBER: 520080, A0
DRILLING METHOD: CRBLE TOOL, 8-INCH CASING

COMPLETION DATE: January 17, 1986
DRILLER: HOKKAIDD DRILLING AND DEVELOPEMENT CE,
LOCATION: RENTON, WASHINGTON BRAHAM, WA

EROUND ELEVATION: 47.12 fi, MSL INSFECTOR: SCOTT MCKINLEY / SER
PUC CASING ELEVATION: 47.16 ft, MSL
SPMPLING METHOD: EXRMINATION OF BAILED EUTTINGS

DEPTH TO WATER FROM
EROUND & DATE: 23.1 ft., 2-22-86

DEPTH | DESCRIPTION OF MATERIALS 1 RECORD | WELL CONSTRUCTION
BELOW | FI DRAWING | DETRILS
SURFACE | il {
{feet) | il |
' ! :
i
¢+ SILTY SAND, fine sand, brown and wet b+ T I Concrete seter box with 1id
I tH | 8" steel casing with locking cap
t Il I {See Generalized Hell Construction
I H : diagram for detail)
|
g + |+ |
| SAND AND GRAVEL, coarse sand to fine rounded it |
{ gravel :l :
I
| SAND AND BRAVEL, fime to coarse sard and fine fH <+ Copent /bertonite seal
10 T rounded gravel ” :
I I |
I H - +— 2 - in. SCH 40 PVC casing.
I I | Flush threaded.
15+ I+ |
{ SAND AND GRAVEL, coarse samd to fine gravel with 1 !
| some fire toc med sand ” ;
1
! il i
20 + I+ |
1 i |
I H |
| i |
| . |
g5+ I+ |
! SAND AND GRAVEL, fine to coarse sand and fire i ;
: gravel with a little sed to coarse gravel II: :
! I f
0 ¢ i+ P Centering ‘?uide
| i Bertonite felletc
I SAND AND BRAVEL, coarse sand to mediun rounded H Fine sand
I gravel with some fine to med sard and coarse I |
| gravel H i
k] + i+ T i
; I - |
I il [ |
E ” - -l-—r-—Sand pack (Morterey- Aoua #8)
0 ¢ I+ — |
| H [ I
| ] - +—Hachine slotted SCH 40 PV screen
i ” — : (20 slot size)
5+ I+ — A
| SAND AND GRAVEL, coarse sanmd to coarse rounded | &= Centering guide
| gravel with some fine to med sand i {
{ H —+4—Natural forgation
[ il +—-Bottom sucp
530 ':- End of boring 'I; "':"‘End cap
FIGURE B-7
MW-7 WELL LOG AND
B-7 CONSTRUCTION DIAGRAM
CITY OF RENTON, WA



CHEM HILL MONITORING WELL LOB
PROJECT:  CITY OF RENTON BROUNDWATER MORITORING WELLS
NUMBER:  SCBOBD. A¢

COMPLETION DATE: Aeril 23, 1988
LOCATION: RENTON, WASHINGTON

GROUND ELEVATION: 34.8 ft. M5L
PVC CASING ELEVATION: 34.12 ft, MGL

DEPTH TO WATER FROM
GROUND & DATE: 13.8 ft., 4-30-86

WELL: FKW-12

DRILLING MzTHOD: CABLE TOOL, B-INCH CRSIRZ

DRILLER: HOKKAIDD DRILLING AND DEVELOPERENT CO.
BRAHAM, WA

INSPECTOR: J. NINTEWMAN / SEA
SAAP_ING METHOD: EXRMINATION OF BAILED CUTTINGS

DEPTH

BEL O
GURFACE 1
{feet)

DESCRIPTION OF MATERIALS

WELL CONSTRUCTION
DETRILS

SANDY SILTy fine sard with scwe med to coarse

i sand anc fire aravel, brown

o

]
i
1
i
i
@ ; SILTY LOAK. brown to black
i
i
.
}

sand to fine gravel

G U

1@
:
13+ SANDY. BRAVELLY SILT, layered zones of siity
| san¢ and oravel, ang gravelly silt, fire tc
| mec gravel, gray silt
|
i
&+
!
i
i
i
T+
{
i
|
38+ SILTY CLAY. with some fire to eed gravel
I and a 1ittle fire sand, softy no thread, blue-
: gray
i
3+
i
|
| END OF BORING
8+ '

SILTY SAND AND GRAVEL. brown silt. mostly coarse

|
I
I
|
:
I— -|t Concrete weter bor witn 1id
: 8* steel casing with lecking can
t
i
!
|
i
i

diagran for detail;

-s—+—+—Cenert /bertonite seal

¢ - in. SCH 48 FVL casins,
Flush threaded.

-—++—DBentonite peliets

i
T+—Fine sand
| Centering guide

‘h-.-/_ I
— i
—] 1
é ""—'T"‘ Sard pack (Monterey~ fouz #8°
—{——Machine sictted 5Ch 46 PV screer
— ; (¢ siot size)
= |
-~ Natural formztion
“—~—r—Bottom sumo
‘—Hﬁ-{—Em cae
i
l

FIGURE B-8

MW-10 WELL LOG AND
CONSTRUCTION DIAGRAM
CITY OF RENTON, WA

(See Bereralizec We:i Comstructiow



CHz# HILL MONITORING WELL LOG

PROJECT:  CITY DF RENTC!N BROUNDWATER WONITORING WELLS WELL: MiW-il
NUMBER:  SCdR8e. R
DRILLING METHOD: CABLE TOOL, B~INCH CRSIAG

COMPLETION DRTE: AReril &7, 1988
DRILLER: HOKKAIDO DRILLING AND DEVELOPERENT CO.
LOCATION: RENTON, WASHINGTON BRARAM, WR

BROUND ELEVATION: 32.@ fi, MGL INSPECTOR: J. NINTEMAN / SEA
PVC CASING ELEVATION: 32,24 ft, MSL
SRMPLING METHOD: EXAMINATION OF BAILED CUTTINGS

DEPTH TO WATER FROM
GROUND & DATE: 12.@ ff, 4-30-8

DERTH | DESCRIPTION OF MATERIALS I RECORD i WELL. CONSTRLUCTION
BELCH | I DRANING | DETRILS
SURFRCE | i i
{fest! | I I
| I i
@ + SANDY SILT, fine sand, with a trace of fine I1|— ! —I-l Concrete meter box with lic
i gravel, sofi, brown i | & steel casing with lccwing car
i ] i {See Generalized Well Corctruriion
i _ _ o o P ! diagras for detaild
o intreasiro savd anG gravel content P :
S 4 i+
i I i
| I |
I |
{ BILTY SAND AND WOOD DEBRIS: fine sandy dark i <—r—+—Cenent /bertonite sea?
i+ brown to black, soft H !
i i
i 11 [
i il - +—& - in, SCH 4@ PO casing.
c l | Flush threace.
15 + £
I I i
: SANDY 5IL7s with trace of wood deoris, dark oray H i
i I -a———Bentonite Pellets
a8 ¢+ I+ i
i il f
: H ——Fine sant
i SAND AND BRAVEL, bmc-stly E.‘oarse sang to fine :! i Centeri "
i oravel and some brown silt [ N /] entering guide
. . i y 4 - i "0 e
| =N
i § —
I I f— 1 Sand pack (Morterey- foua #3;
[ sage but with some wocd chips i —] i ) ‘
B’ ¢+ i+ —+—1—+—Hachine slottec SCH 4@ FVL screer
i “ — } (e slot sizel
: B |
35+ GAND AIND GRAVEL, roarse sand to wed gravel, i+ — | )
! rounded, hele is making alot of water H N—r] | Centering puide
i
I H ~r—t+—WNatural formation
. ) 1 “—1—— Bottom sump
4@+ END UF BORING I+ el End car

FIGURE B-9

MW-11 WELL LOG AND
CONSTRUCTION DIAGRAM
CITY OF RENTON, WA



Appendix C
WELL LOGS FOR EXISTING AND REPLACEMENT
PRODUCTION WELLS AND THE MAPLEWOOD GOLF
COURSE TEST WELL



v -
l e — PR
£00Q
WELL N 4
PUMPHOUSE FLOOR EL. 362.7¢
' o— 1 - ._Z_
“ARLUNE 277 CASHG s
LENGTH () L, )
# s | BaND { cravEL _
oD .
RBma
e —— EMENT B
2o SEveema -
CRIBRING & T CAGNAL 5 WL
l 2T CARING GRAVEL ¢ WATER
a3 - cLAY
: . WELL N2 5
O CaBG HALE e,
. PUMA SETTING e
- GRAVEL o SOME WATER
Mot aneen mm"* e PLMPHOUSE FLOOR £L, 23539 —
wu o o
% BRAVEL o, |
ﬁ S | aRavEL e
T ;L
E HARDFAM
25 ——— o b = e 237—
220 ..u-/-::"s&oe e GRaveL § waTER
. —_— LA
15 = s E
AIR_LINE
Twe a-mCH PiPES COwN TO IS FEET wEAE usED LEAGTH = 284 FT.
FOR ACDING GRAVEL
\ ORiGNAL PLUMP TEST 170 GPM WITK 43 FT, DRAWDCWN
G INCH COLUMN - LENGTH NOT KHOWN
- CLAYTON
80 1P IBOO APM WS MOTOR SEPUAL 326117 AL vE
WORTHINGTON PUMP SIRE $3-GOO-5 SERtAL TIES!
NOWINAL CAPACITY 1820 GPM 208 —
WALLACH & TIERNAN A-41% CHLORINATOR SER. BS-2452
- DRILLED BY JANNSEN CRILLING GO, 1K 1942 FOR —g;s?a
HORTHAWEST wATER &0 . AS HIGHLANDS WELL N2 | Y Ta)
LIBERTY PAR K WELLS 35 —] - swL Bno/s3
=o
. 5354 —|
- GLACTAL TILL
2oap.
WELL N¢ | WELL N2 2 WELL N2 3 N ey
(ALSC KNOWN AS TEST WELL N2 2) I
280—
EXSTING aAoUND
PuMPHou.-.E PUMPHOUSE FLOOR AL 22.87
—EL. 28,76 o= o ————— EL. 36% s VALLT FLOOR
e & o— EL. 32,07 ATR LIKE
GRaVEL { cua Tl ¢ = | Graver § cLav o LENGTH T —_
A I 12*CABING sanp § GRAVEL M
| unswt'rl Ay e — - ) (pavy DAEPRENL. SWL
cans d 25— - . LEWGTH (Y WELLS NP L Z 45
LENGTH{T) H BRAVEL 26" CABING sane 4 oRAvEL %%?-asf guvzn. (waTER}
o - :
res 2 COARGE SanD Loose emsz_rs 247 e
. PEA GRAVEL BOULDER [ WATER) 243 =
1" casNG & PEA SRAYEL % 16" CasinG Sans ¢ Gnave waTen 47 1
TIGHT SaND § GRAVEL. N [
- 2%
‘u,-- = E ConRce SouD ¢ GRAVEL. A b il
SAND § PRA GRAVEL SAND 4 GRAVEL { WATE n -1
3 - K 0 ot
o ) m 4 aAsvEL L et 1 |, comenTEn Sao { naveL
- SAND , GRAVEL L ¥ %
: ;9 287 — R BLUE CLAY
" GAND & OMAVEL N CLAY
' ’ LAAN SAND & GmaviEl
2" OF 1O COUMN GO OF 12" COLLMN a5 Lo BLUE LAY % ,2‘,?% i‘,;-..,.._ el
@ -eT OF PUMP a'-Gt OF Pump LBAN X GRAVE

2' OF GeREEN (1)}

NOMIMAL Carac)Ty 2,000 GPM
(WELL 15 CROOKED - TIGHT AT 41 FEET)
DRILED JANMSEN DRILLING M42
WELL 1N SERVICE JANLAAY 944

15 WP PumMP CHAKGED TO Z00 W
EQUIPMENT IN MARCH Hg2

DEFTH 1o BoTiom OF WELL 15FT,

TOO WP 1800 RPM GE. MOTOR N2 Wt 12200]
T-STAGE (2 BS CORNELL PUMP SERIAL 342

2" OF SCREEM

200 WP 1BOO APM G E. MOTOR N W) /29001
B:STAGE 14 EC COPMMELL PUMP SERIAL 34
NOMIRAL CAPACITY 32,000 GFm

DALLED JANNSEN DRILLING |942
WELL N SERVICE JAMUaRY 1944

75 HF PuMR CHANGED T 200 W
EGUIPMENT IN FEBRLIAMY MGZ

DEPTH T BOTROM OF wELL G PT.

40" OF B° COLUMN
5-0° OF Pusp
B OF SCAREMN

KO 1500 MPM GEMOTOR T TV 1224122
5-S1ame 2D CORNELL PUMP SERUAL BEI
NOMINAL CAPASITY 1600 GPM

7 WEL. SCREEN FROM SOFT, To 56 FT.
BLUIPMENT IN LARGE UNDERGAOLIND VALLT

DRILLED GAUDIO DRILLING
AUGUET

WELL IN SERVICE

M5y
[L1-%-4

. (ALSD KNOWN AS T

WELL Ne &

EST WELL N21)

o—

SAND t cLaY -

CLBAN wmg BAND § OMAVEL
CAND & GRAVEL w CLAT

LAY
S"‘T; aaavil m CLav

SAND & @RAVEL I CLaY

RINE SaAND
LOARGE SAND € LARGE GRavEL

CEMENTED SAND § GRavEL
VERY HARD

2O OF I0-INSH COLUMN
22' OF PuMP & TAILFIPE

200 WP 1TTE RPM GE MOTOR NE RK . 302006
10 -ETAGE 12 RHMAM LAYNE -BOWLER pUMP SERIAL 19TI5
NOMINAL CAPASITY |, 300 GPm

TEST WELL DAILLED BY LayNE=paclFIC INC. ST

PRECUCTION WELL DARLED BY JannSEN DRILLING CO. 1458

|— rmcapms

W— ET cocumMmN

UG, vAuL. FLOOR
Eo ammrry

( WELL ABANDONED § CAPEED)

WELL N2 7

UG, VALY FLOOR

[— 10" CasNG

— Y4 " i
GRAVEL PACK

LLERN LAAGE GRAVEL § COMRSE Sans

LOOSE :Luﬂ COARSE Gawrs § GRAVEL

— DSTTOM
1" CASING
p—— G " LINER

e 10" ROLE

BLUE CLaY

790" OF 5" COLUMN
4°-0" OF PUMP

ASH 3415 PPM PRAHELIN SUBMERSIBLE MOTOR
G-5TaGE TLa PUMF
ROMINAL CaPACITY 300 GMM

EQUIPMENT "N UNDERGMOLUIND

DMILLED Ay GAUDID DRULLING CO. REPT. 959

VAULT

CITY OF RENTON,
WATER SYSTEM

C~1

ECL 427 (1
o JoE S Ll e e R LT
AN
HARD SN & HARDPAN
BOULDERS BOULDER
BLUE ClLay | e casNG EwUE CLAY
= } By B
Q| WaRDRAN, B DEAS
iy 3 Tl - ] BLuF CLay
- SANCY BLIE
= CLaY
== -
- BiUE ZLay
Swil
SeeT. 1054 (54 — —
SaNDY BLLE
ClLAY, BaND 2N
§ SILT
SILTY SANT
TISHT
TISHT SanT
[EDAME WATER]
— | sanp THIN
228 SoAY
ol f— 107 CASING
SANT & GRAVEL
FINE 54N, LOOSE HARDPAN
o =——] TIGHT S&ND
—— BLLE LAY 8| — . - —1 = CLAY
—— TIGHT SaND T L | ToNT sanc
4 oRaveL GraveL fagk | ¢ ORaveL
™ BLUE HARDEAN ™3 . N HARDEAN
; SRAVEL 300 :r [ BOTROM & E2U.DERS
- HARDPAY SAKDY D D" CaSIRS ] L nave
TIGMT BAND, MUDOY E N —{ T BruE ceav
WITH CLAY e S—- L] ] r] SanD 4 EmaLl
SanD & CLaY E ] GmaveL
SANC, COARSER | SAND % GRAvEL
SOME FInE GRAVEL =89
=" | SHaLE
CLASE SAND W'

ORIGINALLY EQUIPPET SIMILAR
1O WELL NEG BUT NoMiNAL
camCITyY

ESUIPMENT REMOVED AHD
WELL ASanDonNeD

DRI ED BY GauDic DRILLING
W OETOBER 159

FIGURE 3

CORNELL, HOWLAND, HATES & MERRYFIELD
SATIN  FOATLAM CORvALLS  moWwE 2

175 apr

WASHINGION
INVESTIGATION

WELL LOGS & EQUIPMENT DATA

GHALE & CLAY




3 — ELEV. 4615 U5 G S 13—
0 = 1 | A ° Y N
i
SAND ' 5.— TEMPORARY CAND
I 30" CASING
" 0. “ REMOVED "
. 2
| 4 - GRUGUT SEAL
SAND & GRAVEL {DRY) L - g0 SAND SOME GRAVEL
20 28
'SAND 8 GRAVEL : SAND, GRAVEL, WATER
SOME NATER)
- 24" CASING
45
i8 THIN LAYERS OF PEAT
FINER SAND, |ARGE GRAVEL,
SOME SItT { [IGHTER) 55
SILTY SAND S~ LEAD PACKER v — 60
. L]
a5 LARGE GRAVEL o i
e SR 224 <% __ 24> pRyvE swoe !
* Teii s e b
iy 2l P 8-INCH WELL CASING,
SAND, GRAVEL, BOUL DERS 1A REH| ] PERFORATED &0° 10 90°
rlbr oy . I WITH MILLS KNIFE
78— N SAND, GRAVEL, BOULDERS l SRS i,-‘.r:;ns.:uf e S 4 HOLES AROUND, 3/8"% 2"
5 , . 1 :: P P L ] NH TG SAND, GRAVEL, WATER ' : } FOOT APART
H v .
SAND, GRAVEL ' A g | SR P
(100sE, wateR very qustyy  flfiTd el TELESCOPE SCREEN '
gy WELL GRADED e 8 Pl . 0-sior ——{ —90
oa —UGHT SAND & GRAVEL | ]
4 LAY “}—-—— 10" OF 20" OD 1AIL PIPE
{DRILLED OPEN HOLE ] TTTTT 07 BAL BOTIOM
102
107 ————
1oo _TIGHT SAND & GRAVEL
N .
NOT TO SCALE NOT TO SCALE
CITY OF RENTON, WASHINGTON
CORNELL, HOWLAND, HAYES & MERRYFIELD
Engineers and Planners
SEATILL CORVALLIS BOILE FORTLAND
47%0.2 FEBRUARY 1968




Boring Log and Construction Data for Well 9

Geologic Log

£q
[- 978
- c .
D= @round Surface Elevatlon In Feel ~ 42 Sample
0=
3 silty SAND (reported)
10 3
20 ] Brown GRAVEL-SAND-CLAY {reported)
20 3
‘; Gray-brown, saturated, very sandy GRAVEL and COBBLES 5.1 B
40 3 5-2 B2
5 §-3 =<1
*i §5-4 i
50 3 $-5 1=
3 Brown, saturated, silty, gravelly, cobbly SAND with S-6 [5<
o mottled, silty, fine sand interbeds. $-7 it
60 3
3 $-9 |
3 Brown to gray, saturated, cobbly, sandy GRAVEL. S- 10
70 3S/a.a., silty $-111]
3 Brown, saturated, slightly silty to trace silty, s-123
3‘ gravelly, fine to medium SAND.
3 5-13=
80 -3 627 ot
3 S-15F=5
E oz~
%0 3 5-16f=
3 §-17 k=
'00*; Brown, saturated, medium to fine SAND with traces S-18pg
J of gravel and cobbles. S-19[<]
”0_5 5-200=x]
3 / Gray, saturated, silty to very silty, slightIy\J 5-21
3 /gravelly, fine to coarse SAND. ~(Glacial Deposits =
120% Bottom of Boring at 117 Feet.
3 Completed 8/25/83,
130 3
;
140-54
150 3
{reporied) Reters 10 material type sncouniered we reporied by driller.
GS QGrein Size Anslysis
2.3. As Above
NOTES: 1. Soll descriptions are Interpretive and sctusi chenges mey be gradual.

2. Water Level _S2_ 15 1or duete Indiceted and mey vary wilh time of year,

ATD: Al Tima of Drililng

3. Elevation sslimated 10 be sams sy Obssrvation Weil 8 and was obtained trom
City of Renton Well Locstion Map WEES, Sheet 2 of 2, drawn bré‘H24Eﬂ0'""ﬁﬂ0- 1982,

AvA
18/3/903

GS

6S

Well Design

Top Casing Elevation in Featl ~ 44’
Casing Slickup In Feel ~2°

. "-’._'s.u.a Steel Casing

30-ingh @
Burtaoe Seal

AN AN

‘20-Inchw (10-174° ID)
Stesl Cening

F-% Montersy Sand
becki

20-Inch @ to 18-inch o

- Agus @8 Monterey
Sand baokilll

24-Inch @ drifind hole

40-Ft of 18-Inch (18'TD

——— 18-Inch @ Blank Gtesl

plpe sl ze Johnaon
Stainisss Slesl Well
Bereen, 0.035-nch
siols

Casing

J-1148
HART-CROWSER & associales, inc.

‘Pes Graval beaktill
Botiom Flais

1983 l

September

Figure A-1



' Boring Log and Construction Data for Observation Well 9

< Geologic Log Waell Dasign
L : Top Casing Elevation In Feal
v Casing Stickup in Feet
© X Ground Surface Elevation in Feel Samole
Brown, moist, sTightly silty to clean, slightly 51 Iz
gravelly SAND. 12-inch ® Surfage Seal.

10
Brown, moist to saturated, gravelly SAND with layers
of slightiy gravelly to clean sand.

t—— 8inch ® Welded
Steal Cuning

[ %)
[=]

U ITETE FETRL FUTSS ST RTINR RN SN N

5-2 F 2
10/3/83

100
110

—— Casing backtilfed wilh
Pas Oraval

12 ang Bentonlle

o

130

-1

14

o

3Brown, saturated, very sandy GRAVEL and COBBLES. 53
40 3
E
so-‘:: 5-4 <
60 3
3 Milleknite Slol,
= §-5 8 slols ger round,
1 W -2’
70 4 5-5
E
3 -7
a0 3 - 5 =
JGray, saturated, slightly silty to silty, sandy
JGRAVEL and CUBBLES, interbedded with fine sandy
dsiit layers. 5.8
90 3 <]
iGray, saturated, interbedded siity, fine SAND and
Jfine sandy SiLT; sand layers water bearing .
4(Glacial Deposits}
- 5-9 =
3 $-10
3
]
:3:;

»n
o

1

J-1148 September 1983
NOTES: 1. Soll descriptions are Inierpralive and aclusl chenges Mey ba grsdual, .
2. Water Lavel .. 1a lor daie Indlcsied and may vary with lime of yeas. HART-CROWSER & associates, INC.
ATD: Al Time of Ddliing .
Cc-5 Sheet 1 of 3 Figure A-2



Depith
in Feel

Boring Log and Construction Data for Observation Well i

Geologic Log

-
)]
(=]

-
<N
o

170

a.a., few wood fragments noted

180

Gray, hard, slightly graveily, slightly sandy to
sandy, tlayay SILT ta silty CLAY. (T{1i-1ike)

190

200

210

220

r
[A)
o

A
F-N
(=]

250

260

270

280

(]
o]
Q

L5 )
[=]
o

[T T C L PP U T TV ST DTN S RN LTI FIT VI TNV NV ST TR ST T FU T I TR R I TI FUN VI BV SR I BV AR VU AN TNE PN I RSN SNV PU CNVEU ST RN DUCTYS ]

Gray, saturated, siightly siity to silty, gravelly
SAND, with layers of silty sand.

-

Gray, hard, fine sandy, clayey SILT to clayey.
siity, fine SAND with scattered gravel.

Sample

s-:zg

$-132

S-14

s-lsg

5-16<]

$-1753]

5-]93

$-20]

Pes Gravetl gng
Bentonite backlin
e —
I
\)
= B-Inch g Weided Sieel Creing
AT
WA
1

J-1148 September 1983
HART-CROWSER & associales, Inc.
Sheget 2 of 3

\ ' l

Figure A-2



.

- Geologic Log
£q
aw
.
at Sample
aco $-22k=

Gray, hard, fine sandy, clayey SILT to clayey, silty,
fine SAND with scattered gravel.

w
o

s-ezg

320
S-24=
330
340 S-25=]
§-2B=]

350

360

aro

L2
[+ ]
[w ]

w
[Je )
L= ]

o
(=]
9

Bottom of Boring at 400 Feet.
Completed 8/5/83.

F Y
-
o

Fs
~N
Q

430

440

(FETTI FUTTU R RV RNV IR VNI FRVEI CRRVS S FRUFEUT] FUUT] |ll.lllj_Lll.l.l_Ll_LllllllllL_Illlllll‘lliLlJJlLLllllllllllll!lllllllL-LlJllLLll-lll-lllllilllllllllllu_l

450

Boring Log and Construction Data for Observation Well 9

Pea Gravei and
\\\ | . Benionite backilll
Iy 8-inch @& Weldsd
Stael Casing
£y
1 ! ;_-1‘-—- Drive Shos
| u.‘:\“”‘
v :
AW
,ﬁ‘}l Oritlsd B-Inch @ OQosn Hole
Pl
B e Y
3
%
J-1148 September 1983

HART-CROWSER & associales, inc.
Shee! 3of 3 Figure A-2



Boring Log and Construction Data for Well RW-1

Geologic Log

=3
[« QI
[ ] c
o'--_Ground Surface Elevation In Feal approx. 40 feet
Ue BT
Jsitty SAND
10 Jgravelly, silty SAND

[
(=]
1

] "¢laybound™ GRAVEL and COBBLE

o0

-
Q

[TITENTETICIIPINRTTICUTU FUNVE POV

Brown, Sandy, cobbly GRAVEL

[
Q

} Drown, gravelly SAND

-]
o

Brown, very sandy GRAVEL
10 3—

L Brown. siightly qraveily SAND (Heaving)

"}

Brown, very sandy GRAVEL

e

aadaaga b gataeaataanatosaal

80 4 Brown, sandy, cobbly, boulderv(?} GRAVEL
Brown, silty, sandy GRAVEL (Tight)
:Brown, cobbly, very sandy GRAVEL
90 -3
] Weathered SANDSTOME
JCottom of Boring at 96 feet,
100 3 completed 3/26/87.
J(Casing advanced to 92 feet)
110
120 3
3
130 3
]
3
F
]
140
150 -

le——1Logged by Driller ——|

Sample

§-64
5-68
$-72

§-77

$-39

NOTES: t. Soil descriptions sre ini®rDialive shd sciutl changss may bes giadusi.

2. Water Loves XZ_ ia tor daie indicsied ana may vary wilth (ime of yesr.

ATD: At Time al Deitiing

Cc-8

R W N W THY WA

H M

Lab

63

GS
GS
GS

GS

GS

Well Design
Top Casing Elevation in Feet
Casing Slickup in Feet

4-27-07

Surtace sest

= 24-inch 2 black
sieel praoduclion
casing

r—N.oovenl K.packer
= Drive shoe

¥ Riser pioe
S ———

42-1oo!l length
of 24«nch
l 1glmsconrc

stainiess sieel
icreen assembiy.

- Jt.zso-mch slot size
q .050-inch siot size
LBlal-ll: pipe

= “—=_0BO-inch siol size

t-——8lank pioe

=t eee 200-inCh Siod siZe

DJ

I~— Tai! pioe with paif
botiom

Screen assemnily mareria)s:

1. Johnsen stainless sieel continuous

Slot Scresn.

~

. Siaintess siee! Dtank seclions.
riser angd taxd pwe.

Hart Crowser, Inc.
J-1667 7/87
Figure 2



l Boring Log and Construction Data for Well RW-2

E = Geologic Log

W
a
[FUTVIPTUTINT TSI TSV I UTI PV ITIFURRANTII FUVRINEUTU RVSTY FUTTE IR UVE AVUPL IV

sl

°‘E'Gfoum‘} Sutface Elevallon In Fesl approx, 40 faet
0 F—Jopseil —
3 sandy Lo
AY COB 2
10 GRAVEL and COQBQLE =
a
)
)
20 -] "Claybound™ GRAVEL to SARD and GRAVEL -g
-]
[~ ]
aQ
-
30 [

Brown, slightly sandy to very sandy, cobbly GRAVEL

[Brown, slightly gravelly to very gravelly SAND

[Crown, -sandy, cobbly GLAYEL

1Brown, silty(?), gravelly SAHD (Tight)

w
(=]
"

3Brown, very graveily SAND with cobbles

Brown, slightly gravelly SAND

piasloagi

L _/Grav, deathered SANDSTONE

3Bottom of Boring at 100 Feet.
Completed 3/7/87.
(Casing advanced to 93 feet)

ahi

anbiagalasaaleaaaliag

-
-
[-]

Lowaabasnad i,

Sample

5-5¢6

5-64
5-68

5-91

MOTES: !, Soil descriplions ste inisrpretlive and aciual changes may be gradusi.

2. Water Laver 5 is o1 dwie indiceied and may very with time of yesr.

ATQ: AL Tlme ot iling

c-9

Lab

G3
GS

GS

63

Well Design
Top Casing Elevation in Feel
Casing Slickup in Feel

.['q 5-28-87

Surtace sesl

fe 2 4-inch @ plack
stes! procuchon
casing

Neoprens X-packer

Drive shos

“—2+ioo! length

¥
_— blank nsed pipe
e e—

20-loot tenath of
24-inch T (¢isscopic
200-nen stol siZe
stainiess sleel

! screan

4-1n01 length of
tail orpe wmith Dt
botiom

I 4
"

Screen assemply maternials:

1. Johnson stamiess steel contifuous
il screen.

2. Sfainless sieet biznk sections, riser
and 13+t pipe.

Hart Crowser, Inc.
J-1667 7/87
Figure 3

'T1tl|l'll!l!1‘lllll[TTIT‘YTTT'I;[\'Illl[ll'l!ll[lil'(llll]l’]‘ll"l‘[!llII‘lI‘[]’YT‘I"‘FI"T]T"‘]TT'YITIIIIIIIIII.‘F'IIlI'Yr"rlr'll‘rr‘T""'lllll]lIlf‘l"l



Boring Log and Construction Data for Well RW-3

Geologic Log

£3

aw

S

0.2 Ground Surface Elevalion In Feaet approx. 40 fest

0

3 SAND and GRAVEL (FILL) T
3 s

10 E
3 ~Cemented” SAND and GRAVEL S
E o

20 2
a : 3
E o
E -t

20 3 [
 Brown, gravelly SAND '

40 3
-:: 8rown, sandy to very sandy, Cobbiy GRAVEL

50 3

60 3

70 4
3 Brown SAND (Heaving) to very qravelly SAND _ __ |

J Brown, very sandy, cobbly GRAVIL

-]
[=]

J Grown. silty (?), very sandy GRAVEL with cobbles

P
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Appendix D
GEOLOGIC CROSS-SECTIONS FOR THE CEDAR RIVER AQUIFER
(SOURCE: CH2M HILL, 1988)
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Elevation (Ft. above NGVD)
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(See Figure C-1 for Plan View)
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WATER QUALITY SAMPLING RESULTS
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Testing Laboratories, Inc. Certificate

0940 South Harney 5t.. Seattle Washington 98108 {206)767-5060

Chemnistry. Microbiology. and Technical Services

CLENT  CH2M Hill LABORATORY NO. 97207
P.0. Box 91500
Bellevue, WA 98009-2050 ‘ DATE July 17, 1986

ATTN: Jerry Ninteman
REPORT ON NATER

SAMPLE Submitted 6/12/86 and identified as shown below:
IDENTIFICATION
1) MW1 Rent MW1 6/86
2) M4 Rent MW4 6/86
TESTS PERFORMED 3) MW5 Rent MW5 6/86
AND RESULTS: 4) MW7 Rent MW7 6/86

Samples were analyzed for priority pollutants in” accordance with Test Methods
for Evaluating Solid Waste, (SW-846}, U.S.E.P.A., 1982, Methods 8240 (volatile
organics), 8270 (semi-volatile extractables), 8080 (pesticides and PCB's}, 9010
(cyanide), 6010 and the 7000 series (metals analysis). Phenol analysis was in
accordance with Method 420.2, Methods for Chemical Analysis of Water & Wastes,
U.S.E.P.A., March, 1979. '

parts per billion (ug/L)

Method
Inorganics 1 2 3 4 Blank
Dissolved Antimony L/5. L/5. L/5. L/5. L/5.
Dissolved Arsenic L/5. L/5. L/5. L/5. L/5.
Dissolved Beryllium L/1. L/1. L/1. L/1. L/1.
Dissolved Cadmium L/1. L/1. 2. 2. L/1.
Dissolved Chromium 1. 1. 3. 2. 3.
Dissolved Copper 3. 3. 4. 4, 2.
Dissolved Lead L/10. L/10. L/10. L/10. L/10.
Dissolved Mercury L/1. L/1. L/1. L/1. L/1.
Dissolved Nickel 4, 4, 9. 6. L/Z.
Dissolved Selenium L/5. L/5. L/5. L/5. L/5.
Dissolved Silver 2. 2. 3. 5. L/1.
Dissolved Thallium L/5. L/5. L/5. L/5. L/5.
Dissolved Zinc 15. 23. 24. 75. 4,
Total Cyanide L/5. L/5. L/5. L/5. L/5.
Total Phenol L/5. L/5. L/5. L/5. L/5.

This report is submitted for the exclusive use of the parson, partnership, or COMOrAtIon to whom it is addressed. Subsequent use of the name of this company or any
' member of its s1aff in connection with e advertising o sale of any product or process will be granted only on contact. This company accepts no responsibility except
for the due performance of inspection and/or analysis in good farth and acconding 1o the rules of the trade and of saence.

E-1
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Testing Laboratories, Inc. Certificate

940 South Harney St. Seattle, Washington 98108 {206}767-5060

Chemistry Microbiology. and Technical Services
PAGE NO. Z
CHZM HiT1 LABORATORY NO. 97207
parts per billjon (ug/L)

Field

Volatile Organics (by GC/MS) 1 2 3 4 Blank
Chloromethane L/1. L/1. L/1. L/1. L/1.
Bromomethane L/1. L/1. L/1. L/1. L/1.
Vinyl Chloride L/1. L/1. L/1. L/1. L/1.
Chloroethane L/1. L/1. L/1. L/1. L/1.

Methylene Chloride 26. 29. 64. 20. trace
Acrolein L/5. L/5. L/5. L/5. L/5.

*Acetone 7. 9. 7. trace trace
Acrylonitrile L/5. L/5. L/5. L/5. L/5.
*Carbon Disulfide L/1. L/1. L/1. L/1. L/1.
1,1-Dichloroethylene L/1. L/1. L/1. L/1. L/1.
1,1-Bichloroethane L/1. L/1. L/1. L/1. L/1.
trans-1,2-Dichloroethytene L/, L/1. L/1. L/1. L/1.
Chloroform L/1. L/1. L/1. L/1. L/1.
*2-Butanone L/1. L/1. L/1. L/1. L/1.
1,2-Dichloroethane L/1. L/1. L/1. L/1. L/1.
1,1,1-Trichloroethane L/1. L/1. L/1. L/1. L/1.
*Vinyl Acetate L/1. L/1. L/1. L/1. L/1.
Bromodichloromethane L/1. L/1. t/1. L/1. L/1.
Carbon Tetrachloride L/1. L/1. L/1. L/1. L/1.
1,2-Dichloropropane L/1. L/1. L/1. L/1. L/1.
Trichloroethylene L/1. L/1. L/1. L/1. L/1.

R N3 This report is submitted for the exclusive use of the persan, pantnarship, O corporation 1o Whom it is addressed. Subsequent use of the nama of this company or any
{,.; e . member of ns stafl 10 connection with the advertising or sale of any product o process will be granted only on contracl. This coMpany sCcapts NO Tesponsibilty wxcept
S\EE 4 for the due periormance of inspection andior analysis in good falth and according o the fules of the irade and of soence.

E-2




Laucks )
Testing Laboratories, Inc. Certificate

040 South Harney 5t. Seartle. Washington 98108 (206)767-5060

Chemistry Microbiology. and Technical Services
PAGE NO. 3
CH2M Hill weoraToRY NO. 97207
parts per billion (ug/L)

Field

Volatile Organics (by GC/MS) 1 2 3 4 Blank
Benzene L/1. L/1. L/1. L/1. L/1.
Chlorodibromomethane L/1. L/1. L/1. L/1. L/1.
1,1,2-Trichloroethane L/1. L/1. L/1. L/1. L/1.
2-Chloroethyl vinyl ether L/1. L/1. L/1. L/1. L/1.
Bromoform L/1. L/1. L/1. L/1. L/1.
*4-Methyl-2-pentanone L/1. L/1. L/1. L/1. L/1.
*2-Hexanone L/1. L/1. L/1. L/1. L/1.
1,1,2,2-Tetrachloroethane L/1. L/1. - L/1. L/1. L/1.
Tetrachloroethylene L/1. L/1. L/1. L/1. L/1.
Toluene L/1. L/1. L/1. L/1. L/1.
Chlorobenzene L/1. L/1. L/1. L/1. L/1.
trans-1,3-Dichloropropene L/1. L/1. L/1. L/1. L/1.
Ethylbenzene L/1. L/1. L/1. L/1. L/1.
cis-1,3-Dichloropropene L/1. L/1. L/1. L/1. L/1.
Styrene L/1. L/1. L/1. L/1. L/1.
o-Xylene L/1. L/1. L/1. L/1. L/1.

YU This repon is submitied fof the exciusve use of the person. parinership, or corporation to whom it is addressed. Smuquem use ot the name of this company of &Ny
- member of ns 31! in connection with the advenising or Kale of any product or process will be granted only on contact. This company sccepts no responsibiity axcept
4 tor the due pertormance of ingpection and/or analysis in good fath and according to the rules of the trads and of scence.

E-3
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Testing Laboratories, Inc. Certificate

940 South Harney St Seanle Washingion 98108 (206)767-5060

PAGE NO. 4
CH2ZM Hill LABORATORY NO. 67207
parts per billion {ug/L)
Method
Extractables (by GC/MS) 1 2 3 4 Blank
N-nitrosodimethylamine L/1. L/1. L/1. L/1. L/1.
Bis(2-chloroethyl }ether L/1. L/1. L/1. L/1. L/1.
2-Chlorophenol L/1. L/1. L/1. L/1. L/1.
Phenol L/1. L/1. L/1. L/1. L/7.
1,3-Dichiorobenzene L/1. L/1. L/1. L/1. L/t.
1,4-Dichlorobenzene L/1. L/1. - L/1. L/1. L/7.
1,2-Dichlorobenzene L/1. L/1. L/1. L/1. L/1.
Bis{2-chloroisopropyl)ether L/1. L/1. L/1. L/1. L/1.
Hexachloroethane L/1. L/1. L/1. L/1. L/1.
N-nitroso-di-n-propylamine L/1. L/1. L/1. L/1. L/1.
Nitrobenzene L/1. L/1. L/1. L/1. L/1.
Isophorone L/1. L/1. L/1. L/1. L/1.
2-Nitrophenol L/1. L/1. L/1. L/1. L/1.
2,4-Dimethylphenol L/1. L/1. L/1. L/1. L/1.
Bis(2-chloroethoxy)methane L/1. L/1. L/1. L/1. L/1.
2,4-Dichlorophenol L/1. L/1. L/1. L/1. L/1.
1,2,4-Trichlorobenzene L/1. L/1. L/1. L/1. L/1.
Naphthalene L/1. L/1. L/1. L/1. L/1.
Hexachlorobutadiene L/1. L/1. L/1. L/1. L/1.
4-Chloro-m-cresol L/1. L/1. L/1. L/1. L/1.
Hexachlorocyclopentadiene L/1. L/1. L/1. L/1. L/1.
2,4,6-Trichlorophenol L/1. L/1. L/1. L/1. L/1.
Z-Chloronaphthalene L/1. L/1. L/1. L/1. L/1.

. This report is submitted for the exclusive use of the person, pannership. of corporation 10 whom it is addressed. Sq.l:uquom use of the name of this company or any
I, member of its swff in connection with the advertising or sale of any product or process will be gramed only on contract. This company accepts no responsibility excapt
5" for the due performance of inspection anc/or analysis in good faith and according to the rules of the irace and of scence.

E-4
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Testing Laboratories, Inc. Certificate

940 Soulh Hamney $t.. Searttle Washington 98108 (206)767-5060

Chemistry Microbiclogy. and Technical Services

PAGE NO. 5

CH2M Hill LABORATORY NO. 97207

parts per billion (ug/L)

‘ Method

Extractables {by GC/MS) 1 2 3 4 Blank
Acenaphthylene L/1. L/1. L/1. L/1. L/1.
Dimethylphthalate L/1. L/1. L/1. L/1. L/1.
2,6-Dinitrotoluene L/1. L/1. L/1. L/1. L/1.
Acenaphthene L/1. L/1. L/1. L/1. L/1.
2,4-Dinitrophenol L/1. L/1. L/1. L/1. L/1.
2,4-Dinitrotoluene L/1. L/1. L/1. L/1. L/1.
4-Nitrophenol L/1. L/1. L/1. L/1. L/1.
Fluorene L/1. L/1. L/1. L/1. L/1.
4-Chlorophenyl phenyl ether L/1. L/1. - L/1. L/1. L/,
Diethylphthalate L/1. L/1. L/1. L/1. L/1.
4,6-Dinitro-o-cresol L/1. L/1. L/1. L/1. L/1.
1,2-Diphenylhydrazine L/1. L/1. L/1. L/1. L/1.
4-Bromophenyl phenyl ether L/1. L/1. L/1. L/1. L/1.
Hexachlorobenzene L/1. L/1. L/1. L/1. L/1.
Pentachlorophenol L/1. L/1. L/1. L/1. L/1.
Phenanthrene L/1. L/1. L/1. L/1. L/1.
Anthracene L/1. L/1. L/1. L/1. L/1.
Dibutyiphthalate L/1. L/1. L/1. L/1. L/1.
Fluoranthene L/1. L/1. L/1. L/1. L/1.
Pyrene L/1. L/1. L/1. L/1. L/1.
Benzidine L/1. L/1. L/1. L/1. L/1.
Butyl benzyl phthalate L/1. L/1. L/1. L/1. L/1.
Benzo(a)anthracene L/1. L/1. L/1. L/1. L/1.
Chrysene L/1. L/1. L/1. L/1. L/1.
3,3'-Dichlorobenzidine L/1. L/1. L/1. L/1. L/1.

R Ny This report is submitied for the exciusve use of the person. partnerthip, or COTPOFATION 1O whom it is acdressed. Subkequeni use of the name of this company or any
. member of its E1&H in connaction with the advertising or sale of any product or process will be granted only on convact. This company accepts nNo responsibility except

e E-5
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Testing Laboratories, Inc. Certificate i

940 South Harney 5t. Seattle Washingion 98108 (206)767-5060

Chemistry Microbiclogy. and Technical Services

PAGE NO. 6

CH2ZM Hi11 LABORATORY NO. 97207

parts per billion (ug/L)

Method
Extractables {by GC/MS) 1 2 3 4 Blank
Bis(2-ethylhexyl)phthalate L/1. L/1. L/1. L/1. L/1.
N-nitrosodiphenylamine L/1. L/1. L/1. L/1. L/1.
Di-n-octyl phthalate L/1. L/1. L/1. L/1. L/1.
Benzo(b)fluoranthene L/1. L/1. L/1. L/1. L/1.
Benzo(k }fiuoranthene L/1. L/1. L/1. L/1. L/1.
Benzo(a)pyrene L/1. L/1. L/1. L/1. L/1.
Indeno{1,2,3-cd)pyrene L/1. L/1. L/1. L/1. L/1.
Dibenzo(ah)anthracene L/1. L/1. L/1. L/1. L/1.
Benzo(ghi)perylene L/1. L/1. ° L/1. L/1. L/1.
*Aniline : L/1. L/1. L/1. L/1. L/1.
*Benzoic Acid _ L/1. L/1. L/1. L/1. L/1.
*4-Chioroaniline L/1. L/1. L/1. L/1. L/1.
*Dibenzofuran /1. L/1. L/1. L/1. L/1.
*2-Methylnaphthatene L/1. L/1. L/1. L/1. L/1.
*2-Methylphenol L/1. L/1. L/1. L/1. L/1.
*4-Methylpheno! L/1. L/1. L/1. L/1. L/1.
*2-Nitroaniline L/1. L/1. L/1. L/1. L/1.
*3-Nitroaniline L/1. L/1. L/1. L/1. L/1.

*4.Nitroaniline L/1. L/1. L/1. L/1. L/1.
*2,4,5-Trichlorophenol L/1. L/1. L/1. L/1. L/1.

I membes of its staff in connection with the advertising or sale of Bny product or process will be granted only on conract. This company accepts no responsibility sxcept
K— L2 for the due performance of inspectian and/or analysis in good faith and according to the rules of the trade and of scence.

[

Al This repor B submitied for the exciysive use of the person, paftnership, or corporation o whom it is addressed. Subsequent use of the name of this company of Bny
gi@;ﬁ

E-6
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Pesticides (by GC/ECD)

alpha-BHC

beta-BHC

delta-BHC
gamma-BHC (1lindane)
heptachlor

aldrin

heptachlor epoxide
dieldrin

4,4'-DDE

4.4'-DDD
endosulfan sulfate
4,4'-DDT

chlordane

alpha endosulfan
beta endosulfan
endrin

endrin aldehyde
toxaphene

PCB 1016

PCB 1221

PCB 1232

PCB 1242

PCB 1248

PCB 1254

PCB 1260
Methoxychlor
Endrin Ketone

Testing Laboratories, Inc. Certificate
940 South Harney St. Seattle. Washingion 98108 (206)767-5060
Chernistry Microbiology and Technical Services
7
PAGE NO.
CHZM HiN 97207

LABORATORY NO.

parts per billion (ug/L)

1 2
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.02  L/0.02
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/0.04  L/0.04
L/5.0  L/5.0
L/1.0 /1.0
L/1.0  L/1.0
L/1.0  L/1.0
L/1.0  £/1.0
L/1.0  L/1.0
L/1.0  L/1.0
L/1.0  L/1.0
L/0.1  L/0.1
L/0.04  L/0.04

E-7

3

Method
4 Blank

£/0.02
L/0.02
L/0.02
L/0.02
L/0.02
L/0.02
L/0.02
L/0.02
L/0.02
L/0.04
L/0.04
L/0.04
L/0.04
L/0.04
L/0.04
L/0.04
L/0.04
L/5.0
L/1.0
L/1.0
L/1.0
L/1.0
L/1.0
L/1.0
L/1.0
L/0.1
L/0.04

L/0.02 L/0.02
L/0.02 L/0.02
L/0.02 L/0.02
L/0.02 L/0.02
£/0.02 L/0.02
L/0.02 L/0.02
L/0.02 L/0.02
L/0.02 L/0.02
L/0.02 L/0.02
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/0.04 L/0.04
L/5.0 L/5.0

L/1.0 L/1.0

L/1.0 L/1.0

L/1.0 L/1.0
L/1.0 L/1.0
L/1.0 L/1.0
L/1.0 L/1.0
L/1.0 L/1.0

L/0.1 L/0.1
L/0.04 L/0.04

. This repon is submitted for the exclutive use of the person, partnership, or COPOrRTON to whorn it is a0dressed. Subsequent use of the name of this company of any
' membet o fs statl in connection with the advertising or sale of any product o Prociss will ba grantes only oh contrct. This company accepts no responsibility except
¥/ for the due performance of inspection andior Analysts in oA faith and sccoming to the ruks of the trade and of scance.



Laucks

Testing Laboratories, Inc. Certificate

940 South Harney St.. Seattle. Washington 98108 (206)767-5060

Chermistry. Microbiology. and Technical Services
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CH2M Hill LABGRATORY NO. 72037
Comment

Methylene Chloride and Acetone were found to be present in the samples. These
are common laboratory solvents and it is probable that these values are the
result of unavoidable laboratory contamination.

Note:

Samples for dissolved metals analysis were filtered by you in the field prior to
submission.

Key

L/ indicates "less than"
* indicates Additional compounds from the EPA's Hazardous Substances List.
trace = an unquantifiable number between 1 and & ug/L

Respectfully submitted,

Laucks Tz;iijjbtfgoratories, Inc.

. M. Owens

N This report s submitied for the exclusive use of the person, partnership, or corporation to whom i is addreased. Subsequent use of the name of this company of any
:: mambar of its staff in connection with the sdvertising or sale of any product of process will be granted only on contact. This company accepts no responsibility except
" for the due performance of inspection andror snalysis in good leith and accoming to the nies of the irade and Of sEence.
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PAGE NO. 9

CH2M Hil LABCRATORY NO. 97207

APPENDIX

Surrogate Recovery Quality Control Report

Listed below are surrogate (chemically similar) compounds utilized in the analysis
of volatile and organic compounds. The surrogates are added to every sample prior
extraction and analysis to monitor for matrix effects, purging efficiency, and
sample processing errors. The control limits represent the 95% confidence interval
established in our laboratory through repetitive analysis of these sample types.

parts per billion (ug/L)

Spike Spike % Control

Sample No. Surrogate Compound Level Found Recovery Limit
MB dd-1,2-Dichloroethane 50.0 45.7 91.4 77-120
MB d8-Toluene 50.0 51.5 103. 86-119
MB p-Bromof 1uorobenzene 50.0 51.5 103. 85-121
1 d4-1,2-Dichioroethane 50.0 47.9 95.8 77-120
1 d8-Toluene 50.0 51.5 103. 86-119
1 p-Bromof luorobenzene 50.0 51.2 102. 85-121
2 d4-1,2-Dichloroethane 50.0 47.5 95.0 77-120
2 d8-Toluene 50.0 50.7 101. 86-119
2 p-Bromof 1uorobenzene 50.0 50.9 102. 85-121
3 d4-1,2-Dichloroethane 50.0 47.3 94.6 77-120
3 d8-Toluene 50.0 50.6 101. 86-119
3 p-Bromof Tuorobenzene 50.0 50.6 101. 85-121

v This report is submitted for the exclusive use of the persan, parinership, of COMOrATIoN to whom it is addressed. Subsequent use of thw name of this cofmpany of &ny
L mamber of its stall in conneclion wilh the adverlising or sale of any Product O process will be granted only on conract. This company accepts na responsibility except
' tor the due parormance of inspection and/or analys:s in good fanth and acconriing 1o the rules of the trade and of scence.
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PAGE NO. 10
CHZM Hill LABORATORY NO. 97207
parts per bitlion (ug/L)
Spike Spike % Control
Sample No. Surrogate Compound Level Found Recovery Limit
4 d4-1,2-Dichloroethane 50.0 47.7 95.4 77-120
4 d8-Toluene 50.0 50.7 101. 86-119
4 p-Bromof luorobenzene 50.0 51.6 103. 85-121
Blank 2-Fluorophenol 200, 100. 50.0 21-100
Blank d5-Phenol 200. 80.2 40.1 10-94
Blank 2-Bromopheno] 200. 140. 69.8 62-96
Blank d5-Nitrobenzene 100. 85.6 85.6 35-114
Blank 2-Fluorabiphenyl 100. 78.9 78.9 43-116
Biank d10-Azobenzene 100. 93.0 93.0 = e--ee-
Blank 2,4,6-Tribromophenol  200. 181. 90.4 10-123
Blank d14-Terphenyl 100. 87.4 87.4 33-141
1 2-Fluorophenol 200. g2.6 46.3 21-100
1 d5-Phenol 200. 76.6 38.3 10-94
1 2-Bromopheno] 200. 133. 66.4 62-96
1 d5-Nitrobenzene 100, 87.0 87.0 35-114
1 Z2-Fluorobiphenyl 100. 91.9 g1.9 43-116
1 d10-Azobenzene 100. 101. 101, —eeeea
1 2,4,6-Tribromophenol  200. 169. 84.5 10-123
1 d14-Terphenyl 100. 66.5 66.5 33-141
2 2-Fluorophenol 200. 85.2 47.6 21-100
2 d5-Phenol 200. 80.8 40.4 10-94
2 Z2-Bromophenol 200. 139. 69.7 62-96
2 d5-Nitrobenzene 100. 88.5 88.5 35-114
2 2-Fluorobiphenyl 100. 90.5 90.5 43-116
2 d10-Azobenzene 100. 94.7 94,7 = cmeeeo
2 2,4,6-Tribromophenol  200. 168. 83.8 10-123
2 d14-Terphenyl 100. 77.1 77.1 33-141

This repon is submitted tor the exclusive use of the person, partnership, or corporation 1o whom it is addressed. Subsequent use of the name of this company ot any

oy ‘I member of its statf in connaction with the advertising or saie of any product of process will be granted only on contract This company accepts no responsibility axcept

E-10

" for the due performance ol inspection and/or analysis in good taith and according to the rules of the trade and of soence.
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Chemistry Microbiclogy. and Technical Services
PAGE NO. 11
CHzM Hill LABORATORY NO. 87207
parts per billion {ug/t)
_ Spike Spike % Control
Sample No. Surrogate Compound Level Found Recovery Limit
3 2-Fluorophenol 200. 58.6 29.3 21-100
3 d5-Phenol 200. 51.0 25.5 10-94
3 2-Bromophenol 200. 108. 54.1 62-96
3 d5-Nitrobenzene 100. 86.9 86.9 35-114
3 2-Fluorobiphenyl 100. 94.4 94.4 43-116
3 d10-Azobenzene 100. 95.1 95.1 e
3 2,4,6-Tribromophenol 200. 100. 50.2 10-123
3 d14-Terphenyl 100. 65.7 65.7 33-141
4 2-F luorophenol 200. 100. 50.1 21-100
4 d5-Phenol 200. 85.8 42.9 10-94
4 2-Bromophenol 200. 139. 69.7 62-96
4 d5-Nitrobenzene 100. 84.6 84.6 35-114
4 2-F luorobiphenyl 100. 92.2 92.2 43-116
4 d10-Azobenzene 100. 95.3 95.3 ceee--
4 2,4,6-Tribromophenol 200. 166. 82.8 10-123
4 d14-Terphenyl 100. 70.9 70.9 33-141
Blank Isodrin 0.50 0.42 85.0 43-118
1 Isodrin 0.50 0.36 72.0 43-118
2 Isodrin ' 0.50 0.41 82.4 43-118
3 Isodrin 0.50 0.43 86.6 43-118
4 Isodrin 0.50 0.36 72.6 43-118
Blank Dibutylchlorendate 1.00 0.84 83.7 24-150
1 Dibutylchlorendate 1.00 0.65 64.8 24-150
2 Dibutylchlorendate 1.00 0.73 73.2 24-150
3 Dibutyichlorendate 1.00 0.89 89.4 24-150
4 Dibutylchlorendate 1.00 0.68 68.2 24-150

MB = Method Blank

W& This report is submittad for the extiusve use of the person, partnership, of corporation to whom it is addressed. Subsequent use of the name of this company or any
e it Mamber of its sta¥ in connection with the adverusing o sale of any product or process will be granted onty on contract. This company accepts no respongibility #xcept
= tor the dus performance of inspection and/or anatysis in good faith and sccording to the fules of the trade and of soence.
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