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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. 

2. 

3 . 

4 . 

5. 

6 • 

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 ln the Cedar River -
aquifer. 

Water levels in the Cedar River aquifer should be monl­
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 monitoring 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 quan­
tify rates and directions of groundwater movement and 
Cedar River-aquifer interactions. The model should 
also be used to develop emergency response strategies 
and to estimate the potential long-term yield of the 
aquifer. 

ix 
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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: 

l. 

2. 

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 

Groundwater sampling to obtain additional information 
on existing water quality conditions in the Cedar River 
aquifer 

MONI TORING 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 (RWl, RW2, 
and RW3) are located immediately southeast of PWl and PW2. 
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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 pote£tiometric 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 . 

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. 
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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, if the area between the 
1-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 
1-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. 

1The 1-year groundwater travel time contour encompasses that 
portion of the aquifer wherein groundwater would migrate to 
the well field within 365 days. 

xvii 



Table 1 
COMPARISON OF MAXIMUM CONCENTRATION LEVELS (JJ·g/1) WITH 

WATER QUALITY SAMPLING RESULTS 
CITY OF RENTON MONITORING WELLS 

Constituent 

Inorganic 
Arsenic 
Barium 
Cadmium 
Chromium 
Selenium 
Lead 

Nitrate 

Organic 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
2,4,5-TP silvex 
Benzene 
Carbon tetrachloride 
1,2-Dichloroetbane 
1,1-Dichloroethylene 
p-Dichlorobenzene 
1,1,1-Trichloroethane 
Trichloroethylene 
Vinyl chloride 

CUrrent Proposed 

50 
1,000 

10 
50 
10 
50 

10,000 

0.2 
4 

100 
o.s 

100 
10 

5 

5 
5 
7 

750 
200 

5 
1 

June 12, 1986, Sampling Results 
Mill Mil4 MilS Mil? 

ND 
NM 

ND 
1 

ND 
ND 
NM 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NM 

ND 
1 

ND 
ND 
NM 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NM 

2 

3 

ND 
ND 
NM 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
NM 

2 

2 

ND 
ND 
NM 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

Detection 
Limit 

5 

1 

5 
10 

0.04 
0.02 
0.1 
5 

1 

1 
1 

1 
1 
1 

1 
1 

aMaximum contaminant levels, U.S. Environmental Protection Agency, September 1986. 

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

3. 

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

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 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 

1-1 



2. Groundwater sampling to obtain additional information 
on existing water qual~ty 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 CH2M 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 . 

3 • 

4 • 

5 • 

6 • 

Identify required monitoring equipment and develop a 
monitoring program 

Subcontract the drilling and construction of the moni­
toring wells 

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

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

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 
aquifer is presented based on available geologic 
information. 

Section 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 of groundwater movement 
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were, in1turn, used to delineate a "zone of potential 
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 
(PWl, PW2, and PW3), and a test well in the Maplewood Golf 
Course. Investigations conducted as part of these studies 
provided additional hydrogeologic and groundwater quality 
information in the vicinity of the well field. Each study 
is summarized below. 

Site Inspection of Pacific Car and Foundary Company (E&E, 
1986) 

E&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. Analyses 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. 
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Olympic 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 
soil-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. Analyses 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, 1986a, 1986b, and 1987b) 

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 1n 
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. 
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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 PWl, PW2, and PW3; the 
replacement wells are referred to as RWl, RW2, and RW3. All 
three wells are located 50 to 100 feet southeast of PWl and 
PW2. The wells range in depth from 70 to 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 moni tor­
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 RW1, RW2, and RW3. RWl, RW2, and RW3 are 
located 50 to 100 feet southeast of wells PW1 and PW2 (see 
Figure 2-1). Once construction is 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 add itional monitor­
ing wells. During Phase 1, five monitoring wells (MWl, MW3, 
MW4, MWS, 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 MW1, all of the wells were installed north of the 
Cedar River because it 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 is 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, 
it 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 
(MWlO and MW11) were installed regionally downgradient of 

MW4 (see Figure 2-2). At the same time, permission was 
granted by Burlington Northern to install another regionally 
upgrad i ent well (MW2 ) o n the south side of the Cedar River . 
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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. SGl 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 SGl 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-lift 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) 

MWl 49 38 to 48 1 
MW2 50 35 to 45 5 
MW3 53 38 to 48 5 
MW4 50 35 to 45 5 
MWS 50 35 to 45 5 
MW6 50 35 to 45 5 
MW7 50 35 to 45 5 
MWlO 37 22 to 32 5 
MWll 40 25 to 35 5 
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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 aquifer 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 
aquifer 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. 
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Well 

MWl 
MW2 
MW3 
MW4 
MW5 
MW6 
MW7 
MW8 
MW9 
MWlO 
MWll 
PWl 
PW2 
PW3 

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

Elevation 
(NGVD) a DescriJ2tion of Measuring Point 

b 
40.91 Top of PVC cas~ngb 
53.32 Top of PVC cas~ngb 
35.50 Top of PVC cas1ngb 
36.44 Top of PVC cas~ngb 
38.32 Top of PVC cas~ngb 
38.83 Top of PVC cas1ngb 
47.16 Top of PVC casing b 
45.21 Top of steel casingb 
46.26 Top of steel casiBg 
34.12 Top of PVC casingb 
32.24 Top of PVC casing 
39.4 Access port for transducer Jred bushing)c 
39.79 Access port for well casing 
30.9 Access port for transducer (red bushing)c 

b 
PW8 45.70 Top of l-inch pipe providing access to cas~ngb 
PW9 45.13 Top of l-inch pipe providing access to casJ.ng 

aNational Geodetic vertical datum. 

b . h d WJ.t cap remove . 
c Offset 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. 
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DATE TIME 

CITY OF RENTON 
Public Works Department 

WATER LEVEL MEASUREMENTS (Field) 

Measured by-----------------­

Weather Conditions----------------

LOCA· Meas. Point Depth to Transducer Transducer Water •• Pumping 
TION Elevation Water Elevation Reading Elevation Rate (gpm) 

PW1 39.4 ·29.1 

PW2 39.79 

PW3 31.00 ·21.4 

PW8 45.70 ·23.8 

PW9 45.13 -29.7 

MINI 40.91 

MW2 53.32 

MW3 35.50 

MW4 36.44 

MW5 38.32 

MW6 38.83 

MW7 47.16 

MW8 45.21 ·29.9 

MW9 46.26 -27.6 

MW10 34.12 

MW11 32.24 

SG1 32.6 

SG2• 15.1 

SG3 36.5 

SG4 34.96 

• At SG2 Water Elevation .. Staff Gage Reading+ 15.1 

•• Water Elevation c Meas. Point Elevation - Depth to Water and/or Transducer Elevation +Transducer Reading 
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Table 2-3 
SURVEYED ELEVATION OF EACH STAGE GAUGE 

SGl 

SG2 

SG3 

Elevation 
(NGVD) a 

32.6 

36.5 

Description of Measuring Point 

Painted (red) rock near upstream end of 
rock retaining wall, south of Carco 
Theatre in Cedar River Park 

Staff gage on 2x6 post 

Top painted bolt on guardrail post in 
centerline, upstream edge of Wells Avenue 
bridge 

aNational Geodetic vertical datum. 

bRiver elevation at SG2 is equal 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 PWl and progresses north through the PACCAR facil­
ity (see Figure 2-6). Near PWl the aquifer 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 MWlO, 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 FIELD 

AND WELL FIELD AQUIFER TEST (NGVD)a 
MONITORING STUDY 

3/7/86 

3/l:l/86 
6/lt!/86 

6/24/86 

7/t!/86 
7/15/86 
7/28/86 
8/7/86 

8/8/86 
8/18/86 
8/26/86 

8/28/86 

9/11/86 
9/16/86 

9/17/86 
11/6/86 

11/8/86 
11/16/86 

12/18/86 
1/23/87 
3/5/87 

6/24/Hl 
6/2S/87c 

6/26/87c 

• 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

Well Field Op!rution 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 

National Geodetic Vertical ~tum. 
b 

Probable measure111cut error. 

X 

X 
X 

X 

X 

X 

19.37 
20.59 
18.8 

8.13 
9.10 

13.90 
4.70 

13.64 
13.44 
8.09 

7.95 
13.58 

8.99 
17.97 
18.1 

19.85 
19.58 
16.84 
17.17 
20.24 

10.88 
NM 

NM 

NM 

Production Wells Monitoring Hells Stage Gages 

~ ~ PWS A-19 MWl ~ HWJ ~ HWS ~ MW7 ~ MW9 ~ MWll __§!__ SG2 SG3 

20.94 

19.07 
19.14 

8.52 
4.64 
8.46 
4.19 

"" NM 

8.09 

8.35 
13.58 
3.92 

18.41 
18.5 
20.19 

19.89 

17.48 
17.79 
20.57 

5.91 
NM 

"" NM 

"" 20.9 
18.6 

Nil 
18.00 
15.30 

17.4 

"" "" 16.46 
16.16 

"" 17.85 
18.0 

18.05 

NM 
18.88 

19.59 
19.85 
20.22 

20.08 
NM 

NM 
NM 

NK 20.86 20.88 NH 

10.68 14.94 20.92 NM 
8.56 18.93 19.03 24.32 

17.1 16.83 16.49 23.85 
18.48 17.96 16.87 23.85 
18.96 18.43 17.49 23.90 

8.oo 17.68 16.75 23.42 
5.97 10.92 16.36 22.71 
6.03 10.63 16.3 22.69 

7.09 16.59 15.91 22.92 
7.15 20.13b 15.67 22.8 

15.82 1S.39 16.23 22.57 

18.87 18.55 16.94 23.54 
8.16 18.0 18.18 23.32 
8.07 18 OS 18.39 23.26 

20.98 24:95b 19.81 24.62 

20.43 9.32 19.65 24.37 

20.49 20.08 19.01 24.32 
10.02 19.94 19.83 24.97 
21.3 20.7S 20.13 24.79 

11.73 20.71 19.15 26.36 

"" NM 

NM 

NM 

"" Nil 

17.74 23.70 
14.98 23.25 

12.56 22.74 

20.97 21.02 22.27 20.9 25.07 20.8 NM 

2}.04 21.14 22.3 20.96 25.27 19.05 21.64 
19.03 18.79 19.89 18.83 23.71 18.76 18.92 

NM 17.15 18.44 16.68 23.16 16.71 16.79 
2S.44b 17.36 18.67 17.13 23.31 18.08 17.66 
18.15 17.61 18.92 17.60 23.49 18.46 18.10 

17.80 17.62 18.92 17.33 22.81 17.64 17.86 
17.13 16.02 17.04 15.91 21.86 13.91 14.63 
17.05 15.83 16.82 15.77 21.8 13.62 14.43 
17. 12 
17.0 

16.91 

16.64 17.84 16.2 
16.44 17.72 16.11 
15.80 16.92 15.83 

22.33 16.51 
22.23 15.36 
21.81 15.31 

16.76 
16.46 

15.28 
17.85 17.79 19.03 17.58 23.31 18.55 18.41 
18.34 18.07 19.13 18.11 22.91 17.88 18.16 

18-45 
19.44 

19.33 

19.12 
20.09 
19.87 

20.09 

19. '*' 
17.32 
16.42 

18.16 19.19 18.23 22.92 17.93 18.11 

19.21 20.42 19.58 24.51 20.34 20.05 
19.04 20.09 19.39 24.30 18.08 18.81 

19.22 20.57 19.29 24.25 20.16 20.06 
20 0 21 32 19 83 24.55 19.87 20.18 
23:84b 21:23 20:13 24.34 20.89 20.56 

20 10 21.45 19.73 25.89 20.70 21.0~ 

17:02b 18.10 17.37 22.91 17.81 17.21 
16.16 17.14 15.42 22.61 13.37 15.04 

15.04 16.01 13.54 22.02 11.46 13.50 

NM 

NM 
NM 

NM 
17.12 
18.22 

18.02 
17.2 

~;:~b 
}7.2 

}6.88 

17.88 

18.29 
18.4 

19.34 
19.30 

)9.4 

20.51 
20.04 

20.26 
17.70 

17.64 
17.09 

NM 

18.94 

NM 

18.04 
18.14 
17.89 
17.11 

16.99b 
15.34 
17.07 

16.81 
17.89 

18.27 
18.38 

19.35 
19.26 

19.18 
20.20 
]9.87 

20.24 
17.84 

17.52 
16. 76 

27.2 
b 

27.0b 
27.2 

23.05 
26.04 22.1 
25.60 22.70 

25.37 22.54 
25.09 22.46 
25-13 22.52 
25.08 22.5 

23.2 

23.0 
20.96 

NM 

20.53 
20.34 

20.26 
20.23 

20.19 
24.92 22.48 20.1H 
25.07 22.46 20.15 

1~.06 22.48 20.13 

25-21 22.53 20.23 
25.2 22.67 20.35 
25.21 22.69 20.37 
26.21 23.28 20.72 

25.96 23.02 20.75 

26.08 23.2 20.65 
26.3 23.64 20.96 
26.1 23.42 20.9 

27-~8 24.64 21.82 
NM 

Nil 
NM 

"" NM 

NH 

NM 

Nil .. 
cMeasurements were 111ade during Cily of Renton well £ie1d aquifer test; retJlacement well RW2 was pumping on June 25, 1987, and replacement wells RWl and RW2 were pWIIping on 

June 26, 1987. 
Nolt!: 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 old 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 A-A' 
(See Figure 2-7 for Plan View) 

A' 
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FIGURE 2-6 
NORTH-SOUTH 
GEOLOGIC CROSS-SECTION 
CITY OF RENTON, WA 
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Section 3 
WELL FIELD ZONE OF POTENTIAL CAPTURE 

When a well is pumped, a cone of depression 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 Figure 3-1 will be created. An important feature 
of this flow net is the groundwater divide. The groundwater 
divide bounds the area of the aquifer 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 upon 
the well pumping rate and the regional 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 aquifer 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 11,4 00 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., MW1) 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 PWl 1,700 
Figure 3-4 November 8, 1986 PW9 1,150 
Figure 3-5 September 16, 1986 PWB 3,450 
Figure 3-6 November 6, 1986 PW3 1 ,500 
Figure 3-7 September 11, 1986 PW1, PW2 4 ,700 
Figure 3-8 August 26, 1986 PW1, PW2, PW8 7,760 
Figure 3-9 August 8, 1986 PW1, PW3, PWB, PW9 10,375 

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 
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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 is 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 is 
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 is several feet lower than groundwater 
elevations measured to the northwest of the well field. 

Figure 3-2 illustrates 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, th~s 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 (i.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 PWl, 
PW9, PW8, and PW3 are in operation, respectively. 

It is important to note that the exact position of the 
groundwater divide is difficult to determine because the 
water table is relatively flat in the area bounded by moni­
toring wells MW3, MW4, MWlO, and MWll. 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 MWlO and MWll. When PW8 is pumped 
in combination with PWl and PW2 (see Figure 3-8), the 
groundwater divide is also beyond MWlO and MWll, as it is 
when wells PWl, 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 aquifer test (RH2 Enginee1ing, 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: 

0 

0 

0 

0 

Late July of 1986 with PW2 pumping 

Mid-November of 1986 with PWl, PW2, and PW8 pumping 

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

June 26, 1987, with PW1, PW2, PW3, PW8, PW9, RW1, 
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. 

2. 

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

Evaluating the results of the City of Renton well field 
aquifer 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 SG1. A comparison of the elevations measured at these 
two locations shows a difference of 1 to 3 feet. The same 
relationship holds between MW1 and SG2. 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 RW1, RW2, 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 MW1 with those for PW1 and PW2, PW8, 
and PW9, respectively. Fluctuations in Cedar River eleva­
tions at SG1 are also plotted in each figure. All three 
figures show that water level fluctuations in MW1 generally 
correspond to those measured at SG1. On August 26, 1986, 
November 16, 1986, and March 5, 1987, however, MW1 shows a 
slight response to the pumping of PW1 and PW2 (see Fig-
ure 3-15). This response indicates that pumping of PW1 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 PW1 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 hydrogeologic 
analysis (Hart-Crowser, 1983). 

The well field aquifer test provided an opportunity 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 aquifer 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 MWl 
recovered during the 8-hour nonpumping period 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 aquifer 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. 
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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 1 well field and the 1-year groundwater travel time contour. 
Zone 2 is defined as the area between the 1-year groundwater 
travel time contour and the overall boundary of the APA. 

The decision 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 of 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 1-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. 
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south of the Cedar River that contribute recharge to the 
Cedar River aquifer. 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 1 is the area situated between 
the well field and the 1-year groundwater travel time con­
tour. Conceptually, Zone 1 encompasses groundwater that is 
within a !-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. 

V = Ki/ne 

where 

V = average linear groundwater velocity, ft/day 
K = hydraulic conductivity, ft/day 
i = gradient, ft/ft 
ne = effective porosity, dimensionless 

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. 

Location 

Production Well 9 

Replacement Wells 
1, 2, and 3 

Olympic Pipe Line 
Monitoring Wells 

Table 4-1 
CEDAR RIVER AQUIFER PROPERTIES 

Transmissivity 
(gpd/ft) 

2,300,000 

1,000,000 

55,000 

4-2 

Storage 
Coefficient Reference 

0.02 Hart-Crowser, 1983 

0.025 Hart-Crowser, 1987a 

GeoEngineers, Inc., 
1986b 
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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. 

where 

K = T/b 

T = transmissivity, gpd/ft 
b = 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 also 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. 
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Table 4-2 
ESTIMATED RANGES OF GRADIENTS, GROUNDWATER VELOCITIES, 

AND GROUNDWATER TRAVEL TIMES BETWEEN THE WELL FIELD 
AND SELECTED LOCATIONS 

Groundwater 
Gradient Groundwater Velocity Travel Time 

Location (ft/ft) (ft/dazl (dazsl 

Potential Contamination Sources 
a 

Texaco Service Station 0.002 - 0.016 20 - 120 1 - 90 
Union Service Station 0.002 - 0.013 20 - 100 9 - 70 
Exxon Service Station 0.004 - 0.007 30 - 50 30 - 50 
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 - 180 
Regionally downgradient 

limits of the zone 
b 

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. 

b 
Delineated for purposes of aquifer protection (see Fiqure 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 moni tored. 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. In 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 
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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 1-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
rows. 

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

4-9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Section 5 
GROUNDWATER QUALITY 

Existing groundwater quality conditions in the Cedar River 
aquifer were evaluated as part of the well field protection 
study. This evaluation involved the review of available 
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 available water quality 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 bailer 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-l 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-l 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 ~g/1 and 
trace to 9 ~g/1, 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 ~g/1. Table 5-l shows 
that both cadmium and chromium were detected at levels below 
current MCLs. 
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I 
Table 5-1 

COMPARISON OF MAXIMUM CONCENTRATION LEVELS (ug/1) WITH 
I 

WATER QUALITY SAMPLING RESULTS, 
CITY OF RENTON MONITORING WELLS I 

MCL
8 

June 12, 1986, Sam2lin2 Results Detection 
Constituent CUrrent Proposed MWl MW4 MW5 ...!!!!!.. Limit I 

Inorganic 
Arsenic 50 ND ND ND ND 5 
Barium 1,000 NM NM NM 1m 
Cadmium 10 ND ND 2 2 1 I 
Chromium 50 1 1 3 2 
Selenium 10 ND ND ND ND 5 
Lead 50 ND ND ND ND 10 I 
Nitrate 10,000 NM NM NM NM 

Organic I 
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 I 
2,4-D 100 
2,4,5-TP silvex 10 
Benzene 5 ND ND ND ND 1 I 
Carbon tetrachloride 5 ND ND ND ND 1 
1,2-Dichloroethane 5 ND ND ND· ND 1 
1,1-Dichloroethylene 7 ND ND ND ND 1 
p-Dichlorobenzene 750 ND ND ND ND 1 

I 
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 I 

8
Maximum Contaminant Levels, U.S. Environmental Protection Aqency, September 1986. I 

Note: ND=Not detected. 
NM=Not measured. I 
All concentrations in ~g/1. 

I 
I 
I 
I 
I 

S-2 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Section 6 
REFERENCES 

Bear, J. Hydraulics of Groundwater. McGraw Hill, 
Incorporated, New York, New York. 1979. 

CH2M HILL. Well Field Protection Study, prepared for the 
City of Renton, Washington. 1984. 

CH2M HILL. Sole-Source Aquifer Petition for the Cedar River 
Aquifer, prepared for the City of Renton, Washington. 1988. 

Ecology and Environment, Inc., Site Inspection Report of 
Pacific Car and Foundry Company, Renton, Washington, pre­
pared for U.S. Environmental Protection Agency, Region X, 
Seattle, Washington. 1986. 

Hart-Crowser. 
Renton Well 9, 
Renton and RH2 

Summary Report, Hydrogeologic Analysis, 
Renton, Washington, prepared for the City of 
Engineering. November 11, 1983. 

Hart-Crowser. Site Assessment, Soil and Groundwater Qual­
ity, PACCAR Facility, Renton, Washington, prepared for 
PACCAR Defense Systems. December 5, 1986a. 

Hart-Crowser. Remedial Action Plan, PACCAR Facility, 
Renton, Washington, prepared for PACCAR Defense Systems. 
December 5, 1986b. 

Hart-Crowser. 
RW-3, City of 
ing, July 14, 

Replacement Production Wells RW-1, RW-2, and 
Renton, Washington, prepared for RH2 Engineer-
1987a. 

Hart-Crowser. Additional Groundwater Flow Assessment Data, 
PACCAR Defense Systems Facility, Renton, Washington, pre­
pared for PACCAR Defense Systems. October 5, 1987b. 

GeoEngineers, Inc. Report of Phase 1 Hydrogeologic 
Services, Test Well Installation, Maplewood Golf Course, 
prepared for the City of Renton, Washington. 1986a. 

GeoEngineers, Inc. Progress Report No. 1, Geotechnical 
Engineering Services, Pipeline Leak Abatement, Maplewood 
Neighborhood, Renton, Washington, prepared for Olympic Pipe 
Line Company. December 29, 1986b. 

GeoEngineers, Inc. Progress Report No. 2, Geotechnical 
Engineering Services, Pipeline Leak Abatement, Maplewood 
Neighborhood, Renton, Washington, prepared for Olympic Pipe 
Line Company. March 6, 1987a. 

6-1 



GeoEngineers, Inc. Progress Report No. 3, Geotechnical 
Engineering Services, Pipeline Leak Abatement, Maplewood 
Neighborhood, Renton, Washington, prepared for Olympic Pipe 
Line Company. May 14, 1987b. 

GeoEngineers, Inc. Progress Report No. 4, Geotechnical 
Engineering Services, Pipeline Leak Abatement, Maplewood 
Neighborhood, Renton, Washington, prepared for Olympic P1pe 
Line Company. July 22, 1987c. 

RH2 Engineering. Data Report for the City of Renton Cedar 
River Valley Aquifer Test, prepared for the City of Renton, 
Washington. 1987a. 

RH2 Engineering. Analysis Report for the City of Renton 
Cedar River Valley Aquifer Test, prepared for the City of 
Renton, Washington. 1987b. 

6-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I Appendix A 

MONITORING l"IELL SITE MAPS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-------------------

RENTON CITY HALL 

END OF SIDEWALK 

PLANTER 
AREA 

MW-1® 

Ul 

0 
m 
:!:: 
)> 
r 
;><: 

FIGUREA-1 

:I: 
0 
c 
Ul 
m 
::0 

:!:: 
)> 
-< 

25' 

45' 

MONITORING WELL MW-1 
LOCATION SKIETCH 
(Not to Scale) 
CITY OF RENTON, WA 



TRAILER 

FENCE AND 
GATE 

A-2 

FENCE AND 
GATE 

NORTH AMERICAN 
REFRACTORIES 
PROPERTY 

FIGURE A·2 
MONITORING WELL MW2 
LOCATION SKETCH 
(Not to Scale) 
CITY OF RENTON, WA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-· - - - - - - - ... ~ -· .~ -· - -~ - - ·- -

:r> 
I 
w 

NORTH RENTON CLINIC 
(VACATED) 

.., 
m 
r 
r 
-< 
:1> 
< 
m 
z 
c 
m 

FIGUREA-3 
MONITORING WELL MW-3 
LOCATION SKETCH 
(Not to Scale) 
CITY OF RENTON, WA 



NORTH SECOND STREET 

Gl 
)> 
::JJ 
0 
m 
z 
)> 
< 
m 
z 
c 
m 
z 
0 

NORTH SECOND STREET 

T~LEPHONE-1~'"~·~-7i~·~~-·~Q9J~M~W~·4 ______ -=G~R~A=SS~B=O~U~L~E~V~A~R=D __ __ 

POLE t 4' t SIDEWALK 

49' 

r-1 t 
2' 

"GRASS 

TRUCK REPAIR SHOP 

FIGUREA-4 
MONITORING WELL MW-4 
LOCATION SKETCH 
(Not to Scale) 
CITY OF RENTON, WA 

--------~~~~--~~-~-



)> 
I 

<..n 

NORTH BROOKS STREET 

46' 

TREE TREE 

0 0 
8' 13' 

SIDEWALK ® MW-5 

0 0 W 0 0 SIDEWALK ENDS 
l( l(-L-.::0: l( X --X X I 

X 

DUNN LUMBER YARD 

X 

I FIGURE A-5 
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Cl0l HILL MONITORING WELL LOG 

PROJECT: CITY IF RENTON SROONDIIATER MONITORINS WELLS 
NIJIIBER: 520080. AO 

C!M'LETICJN DATE: January 23, 198b 

LOCATION: RENTON, WASHINSTON 

6ROLND ELEVATION: 40.9 ft I!SL 
PVC CASING ELEVATION: 40. g1 ft "SL 

DEPTH TO WATER F~ 
6ROLND & DATE: 21.1 ft., 2-22-86 

DEPTH ) DESCRIPTION IF AATERIALS 
BELOW ) 

SURFACE I 
(f .. tl I 
----1------

I 
0 + SIWDY LDAI'I broofl'o 

I SIWD AND SAAVEL, fine to coarse ~rid arid 
I fine to aed gravel 
I 
I 

5 + SRAVEL, fine to aed rourlded gravel with s0110 
I fine to coarse sarod 
I 
I 
I 

10 • 
I 
I 
I 
I 

15 • 
I GRAVEL, fine to coarse gravel with some 
I coarse sand 
I SAND. lied to coarse ~nd with SOOIE fine 

20 
I to c:Oarse ~~ 
+ SIWD ~D 6 1 coarse sand and fine to 
I lied gravel 
I 
I 
I 

25 • 
I 
I 
I 
I 

30 • 
I 
I 
I 
I 

35 • 
I 
I 
I 
I 

40 • 
I 
I 
I 
I 

45 • 
I 
I 
I 
I 

50 • 
I 
I 
I 
I 

55. • 
I 
I 
I 
1 CLAY, grayish-white claf\ ~ood plasticity, 

60 + e<trecely dense (refu~ rid of 8orino 
I -

IELL : llol-1 

DRILLING IETHOD: CABLE TOOL, 8-INCH CASING 

DRILLER: IO<I<AIDO DRILLING AND DEVEUPEMENT CO, 
SRAIA'I, WA 

IN6PECTOR: SCOTT MD<INLEY I SEA 

SAMPLING METIIID: EXAMINATION OF BAILED CUTTINGS 

)) 

II 
II 
II 

--II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 

B-lli 
I+ 
II 

RECORD 
IJRAIIING 

t r-- l 

- 1--

~ .. 
- 1--

1:: 
= = = = 

\. :::; 

+i 

I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

·-------------
WELL CONSTRUCTION 

DETAILS 

Concrete ~~eter bo< with lid 
8' st .. l casino with lockino cao 
IS.. Seroeralized We11 Construdic•n 
diagram for detail! 

Ceaent /bentoroi te seal 

2' SCH 40 PVC threaded flush 
coupled casing 

- Bentonite oellets 
Centerino guide 
Firoe sand 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

! 
i 

Sarld pack (bterey- Aqua 181 

"-chine slotted SCH 40 PVC screer. 
120 slot size! 

Centering guide 
Bottom SUllp 
End cap 

FIGURE B-1 
MW-1 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 



CITY CF RENIOJ\ GRD:JM,W;;TER i":Utni'U~1N~ 1-iiLLS 
S20l'!&.. A~-

DECT ~ TO WA:ER FRD!-r; 
SrtJ~~\~· & DA:E: C:t.. 6 ft, 4-30-B£. 

WELL: MW-2 

DRiLLING iETHOU: CAK.E lOQ_, €-lr.;~·:--. c;;;~f~:; 

DRILLER: HOK~{HIDO DRILLING Ar~L DEVE_OPE~o~:::\: 
GRA.".~P:, li~. 

I 
I 
I 
I 

---------------------------------------------------------------------------------------------------------------------------
DEP;r; DESCRI~TIOt~ Ot"' K=tTERIA:..S ! i 
B~G~ ll 

SJRF;:;:= l i 
tfee:) i i 

RECORr; 
D~If~G I 

---------:-------------------------------------------~---------------------------------------------------,-

1 i 8' stet:! ca;:r,~ Wl!-, i(•c,zn: j :c 

i 
i 

....;---

15 

45 

i SAN~i A;~D G~~J::,_. med t:::. coe-··se s3~·,c; ar:~ fir~E T•:· 
! r~ec 9r-·avE: w:t:-, ~ ~i"t~le fir,e ~-ar,d ar,ti silt, 

+ 

SA:-::' A\D cr:~E~. pc .. :o;-1) SC•t'':E~. Viith s-:•:.l~ s:il~. 
-t g:·2_"-~~-o~r,, (:FI,;E 

+ 

6R;VE:.., r,~-:·st h· me:' to CC·~~-e ar,Q se<me m12C tr:· 
cu.~·:"'SE sa!"!C ai·,C 2 iittie siii. b:""C•\IH';• easie;· 
c.ri::in~. clearJE~·· hc•le- bE£ir,: mai.ir19 water 

B-2 

I ' - 1-- f-.- rf 

'-- f-.-

- 1--

- 1--

- I---=-

I'- f--J '= = = = ~ = = = F 

~ 
~ 
~ 

' 
' ; 
i 

' 
' 

' I 
i 

! 
i 
I 
I 
i 

' i 
' 
' i 
f 

i 
i 
i 

' 
i 

i 
i 
j 

i 
i 
i 
; 

i 
j 

i 

i 
i 
i 
i 
i 

; 

.• - lf:. s:~ -4l : ~ c=.::r:~;. 
Fius'", tin··E2-G~:. 

Machir1e slo:teC 5C~ 4\? PVC· s~rE: 
{2~ si·i: -size:' 

Nat•.rra1 for-rna~ic•r: 
Bo:.ttor• 5~1rc:· 
Emi CioD 

FIGURE B-2 
MW-2 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 
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CHCM HILL IIJNITORING WELL LOG 

PROJECT: CITY OF RENT~ GR!IMlWATER MONITORING WELLS 
N.JmER: 520080. AO 

aJIIPLETl~ DATE: January 271 1986 

LOCATI~: RENT~, WASHINGTON 

GRWID ELEVATION: 36.1 ft MSL 
PVC CIIS!ttl ELEVATI~: 35. So ft, i'ISL 

DEPTH TO WATER FROM 
GR!lNl & DATE: 16.1 ft,, 2-22-86 

DEPTH I lltSCR!PTI~ OF MATERIALS 
IIUOW I 

SURFACE I 
lf!!t!tl I 
--1 ------

1 
0 + SILTY LOAM, gray-brown, loose 

I 
I SIL TV LOAM, browro, .. t 
I 
I 

5 +SAND, fine to coarse with SOlie silt and clay, 
I low plasticity 

!0 

15 

20 

30 

I 
I GRAVEL, fine to coarse, with some fine to coarse 
I sand · 
+ 
I 
I 
I 
I 
+ GRAVEL, firoe to coarse, rounded gravel 
I 
I 
I 
I 
+ GRAVEL, fine gravel with trace oed to coarse 
I scmd 
I 
I 
I SAND, coarse sand with some fine to med, 
+ rounded gravel 
I 
I 
I GRAVEL, fine to coarse, rounded gravel •ith 
I some coarse sand 
+ 
I SILTY SRN!i, firoe silty sarod, browro Nith 
I sooe clay, oed plasticity 
I 
I 

35 + 
I 
I SAND AND GRAVEL, coarse sand •ith fine to coarse, 
I rounded gravel 
I 

40 + 
I 
I 
I SAND, coarse sarod Nith SOlie fine gravel 
I 

45 + 
I SAND AND GRAVEL, fine to coarse sand •ith 
I fine gravel 
I 
I 

50 + 
I 
I 
I End of bori roc 
' -

lEU.: 111-3 

DRILLING IETHOD: CABLE TOOL, 8-!NCH CIISING 

DRILLER: HO<KRIOO DRILL!ttl AND DEV£LOPEMENT CO, 
GRAHAM, WR 

INSPECTOR: SCOTT MCKINLEY I SEA 

sm>LING METHOD: EXAMINATION OF BIIILED CUTTINGS 

RECORD 
DRAWING 

t~ 

II 
II 
II 
II 
II­
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 

1-

I-- -
~ <:::7 

= = = = -
= --

~ ""' 

~~ 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 

I 
I 
I 
I 

l 
I 

; 

IELL OONSTROCTION 
DETAILS 

Concrete 10ter box Nith lid 
8' steel casing •ith lockinc cao 
ISee Generalized Well Construdic·r• 
diagra• for detail! 

Cetoent/bentoni te seal 

2' SCH 40 PVC threaded flush 
coupled casing 

Bentonite oellets 
Centering guide 
Fine sand 

Sand pack U!onterey- Aqua 181 

Machine slotted SCH 4(• PVC screer. 
120 slot size) 

Centering guide 

Natural for•atioro 
8o\\Ofll SUMp 
End cap 

FIGURE B-3 
B-3 MW-3 WELL LOG AND 

CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 



CH2M HILL MONITORING WELL LOG 

PROJECT: CITY OF RENTON GROUNDWATER MONITORING WELLS IELL : 1111-4 
NUMBER: 520080. AO 

COMPLETION DATE: January 29, 1986 

LOCATION: RENTON, WASHINGTON 

GROUND ELEVATION: 36.9 ft 1 MSL 

DRILLING IIETHOD: CABLE TOOL, 8-INCH CASING 

DRILLER: HOI<KAIDO DRILLING AND DEVWJPOIE~T CC, 
GRAHAA, WA 

INSPECTOR: SCOTT MCKINLEY I SEA 
PVC CASING ELEVATION: 36.44 ft, MSl 

SIK'LING IETIIJIJ: EXAIIINATION OF BAILED CUTTINGS 
DEPTH TO WATER FROM 
GROUND & DATE: 16.9 ft., 2-22-86 

-------------·--
DEPTH I DESCRIPTION OF MATERIALS II 
BELOW I II 

SURFACE I II 
lfeetl I II 
---1------------- II 

RECORD 
DRAWING 

-
I II 

0 + SANDY LOAM, coarse sand, broom arod sooe li 
I siltv clay II 
I . II tr- r 

1---
I II 
I II 

5 + SAND AND GRAVEL, coarse sand •ith firoe, rouroded I+ 
I gravel II 
I II 
I II 
I II 

10 + ~D. coarse sand and some fine nravel I+ 
I . - II 
I II 
I II 
I II 

15 + I+ 
I II 
I II 
I II 
I SAND. coarse sarod arod scoe fine to coarse, II 

20 + rounded gravel · I+ 
I II 
I II 
I II 
I II 

25 + I+ 
I II 
I II 
I ~D, fine to coarse sarod arod mir~·r fine gravel II 
I II 

30 + I+ f-- -
I II 
I II 
I GRAVEL, fine to lied rounded gravel a rod II 
I scoe coarse sarod II 

~ ~ 

35 + I+ -
I II -
I II 
I II = -
I II -

40 + I+ -
I SAND AND GRAVEL, coarse sarod •ith fine to ~~ed, II 
I rounded gravel II 
I II 
I II 

= = 
~5 + I+ 

I II 
I II ~ 

= 
~ 

I SAND, fine to coarse sand and oinor fine gravel II 
I II 

50 + END OF BORING I+ 
I II 

B-4 

~I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 

I 
I 
I 
I 

I 

WELL CONSTRUCTION 
DETAILS 

Concrete ~~eter box •i th 1 id 
an steel casir1g with lockir,p car. 
ISee 6eroeralized Well Constructior. 
diagram for detail) 

Cement/bentonite seal 

2' SCH 40 PVC threaded flus;, 
coupled casir1p 

Bentoroite pellets 
Centerirog guide 
Fine sarod 

Sand pack (Monterey- Aqua 181 

Machiroe slotted SCH 40 PVC screero 
(20 slot size) 

Centering guide 

Natural foroatioro 
Bottoo sumo 
End cap · 

FIGURE B-4 
MW-4 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 
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I 

001 HILL IIONITORING I£U LOG 

PROJECT: CITY CF RENT~ GR!UIDWATER IOIITORING WELLS 
IDIIER: 520080. AO 

CIJIIPLETI~ DATE: January 31, 1986 

LOCIITI~: RENT~, IIASHINGT~ 

GRO!JID El.EVATI~: 38.8 ftt_ MSL 
PYC CllSING ELEVATI~: 38 • .sc ft, MSl 

DEPTH TO WATER FROII 
GR!ltlll I DATE: 17.4 ft, 2-22-86 

DEPT!i I DESCRIPTI~ CF lllTERIIl.S II 
IIEL~ I II 

SURFACE I II 
(foeti I II 
---1---------------11 

loELL : 111-5 

DRILLING METHOD: CABLE TOO.., 8-IJO CllSING 

DRILLER: ID<KAIDD DRILLING AND DEVEUJlEMENT CO, 
G~, WA 

INSPECTOR: SCOTT IO<INLEY I SEA 

SllMPLING MfTI(JJ): EXAMIIflTI~ OF BAILED CUTTINGS 

RECORD 
DRAWING 

-

I£U C!JlSTRUCTION 
DETAILS 

+f-
I II 

0 +SILTY-clAY L~, brown I+ 
I II 
I II I- ~i Concrete Eter box Mith lid 

8' steel rasing Mith lockir,g rap 
(See Generalized Well Construct ior, 
diagrao for detail> 

5 

10 

15 

20 

30 

35 

45 

50 

I II 
I II 
+ I+ 
I II 
I CLAY, approxioate 4' layer of gray clay II 
I SAND, fine to coarse sand and ..,... fine II 
I to seq,_ rounded gravel. Trace of brown silt II 
+ ~D HNU GRAVEL, coarse sand •ith firoe gravel I+ 
I II 
I II 
I II 
I II 
+ 
I 
I 
I ~D, coarse sand and SOOJe fine to coarse 
I rounded gravel 
+ 
I 
I 
I 
I 
+ SILTY CLAY, dark gray-broom, plastir arod 
I rl1111py 
I 
I 
I 
+ GRAVEL, fine to ~~ed, rounded gravel and 
I SOlie coar~e sand, grayish in color 
I 
I 
I 
+ 
I 
I ~. lied to coarse sand and SOIII! fine 
I to led, rounded gravel, browf, 
I 
• 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+ END CF BORING 
I 

I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 

B-5 

- f--

~ ['-' 

1---
I= 
~ 
1-

I= 
~ 

1\.... t-
t-- 1-

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

: 
I 
I 
I 

; 
I 

I 
I 
I 
I 

I 

Cement/bentonite seal 

2' SCH 40 PYC threaded flush 
coupled rasing 

Bentonite pellets 
Centerino ouide 
Fine sand -

Sand pack <Monterey- llqua 18) 

Machine slotted SCH 40 PVC srreer, 
<20 slot size) 

Centering guide 

Natural foroation 
8ott011 SUI~ 
End cao 

FIGURE B-5 
MW-5 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 



00 HILL MONITORING WELL LOO 

PROJECT: CITY OF RENT~ SROOOJIIIITER MONITORING WELLS 
lUBER: SCOOI!O.RO 

CIJIPI..ET I~ DATE: FEBRUARY 5, 1986 

LOCATI~: RENTON, WASHINGTON 

SRCUID ELEVATI~: 39. I ft IISL 
PVC CASitfl ELEVATION: 38. SJ ft, IISl 

DEPTH TO IIIITER FRI»> 
6Rru«> I DATE: 19. 4 ft, 2-22-86 

DEPTH I DESCRIPTI~ OF MATERIALS II 
BELOW I II 

SURFACE I II 
lfl!l!tl I II 
---1 II 

I II 

WELl: 111-6 

DRILLING IETHOD: CRBLE TOOL, 8-INCH CASING 

DRILLER: IOOOUOO DRILLING AND DEVELCPEIIENT CO, 
s~. WA 

INSPECTOR: SCOIT MCKINLEY I SEA 

SIM'LINS IETI«JD: EXAMINATI~ OF BAILED CUITIOOS 

RECORD 
DRAWING 

-I-

WELL mlSTRU!:TION 
DETAILS 

0 + SILTY-t:UIY LOAII, broom, 110ist, clwapy, I+ 
I and trace coarse sand II +~ r +! Concrete oeter box Nith lid 

I II r-
I II 
I II 

5 + I+ 
I II 
I II 
I II 
I II 

10 + SAND, fine to coarse sand arod sa~e fine to coarse, I+ 
I rour.ded grave I, I oose II 
I II 
I II 
I II 

IS + I+ 
I II 
I II 
I SAND, fine to coarse sar•d II 
I II 

20 + I+ 
I II 
I II 
I II 
I II 

2S + SAND, led to coarse sand and oinor fine gravel I+ 
I II 
I II 
I II 
I II 

30 + I+ 
I II 
I II s::: ~ 
I II -
I II 

35 + I+ -
I II -
I II -
I II -
I II -

40 + I+ -
I II 
I SAND, coarse sand and soooe fine, rounded gravel II 
I II 
I II 

45 + I+ 
I 6RI!VEL, fine to coarse rounded gravel and II 
I so.. coarse sand II 

-
I-
I= 

~ 
-

I II 
I II 

50 + END OF BORING I+ 
I II 

B-6 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

8' stl!l!l casing with lockir.g cap 
51!1! Generalized Well Constructior. 
agram for detail I 

I 
di 

2' 
co 

Ce 

SCH 40 PVC threaded flush 
upled casing 

; . Fi 

T1tordte pellets 
ntering guide 
ne sand 

I 
I 
I 

I 
I 

I 
I 
I 
I 

I 

Sa nd pack I Monterey-aqua IB I 

Ma chine slotted SCH 40 PVC screer, 
20 slot size) I 

Ce ntering guide 
tural foraatior, Na 

Bo 
E 

tt011 SUIIp 
nd cap 

FIGURE 8·6 
MW-6 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 
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001 HIU ~ITORING WELL LOG 

PROJECT: CITY !F RENTON GROUNDWATER IIONITORING WELLS 
IIJMBER: 520080. AO 

C!M'lETION DATE: January 17, 1986 

LOCIITION: RENTON, WASIUNGTON 

GRilJND ELEVATION: 47.12 ft MSL 
PVC CAS!Nl ELEVATION: 47.11:. ft, MSL 

DEPTH TO WATER FR!M 
GR!X.Ml ' DATE: 23.1 ft. I 2-22-86 

DEPTH I 
BELOW I 

SURFACE I 
(feet! I 

DESCRIPTION !F MATERH'i.S 

---1----·--

WELL: 111-7 

DRIUING METJ{JI): CABLE TOOL, 8-INCH CASING 

DRIUER: ID<KAIDO DRIUING AND DEVEL~NT CO, 
GRAHAII, WA 

INSPECTOR: scon MCKINLEY I SEA 

SIM'l.!Nl METJ{JI): EXAMINATION OF BAILED aJTTINGS 

RECORD 
DRAWINl 

I 

WELL CONSTRUCTIOI< 
DETAILS 

----------
1 

0 + SILTY SAND, 
I 
I 

fine sand, brown and wet t 

II 
II 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 

r 

r- f-
~~ 

I 

Concrete oeter box with lid 
8' steel rasing with lorkiro! rap 
!See GeneraliZed Well Construdior, 
diagra• for detail! 

5 

10 

15 

20 

30 

35 

45 

so 

I 
I 
+ 
I SAND AND GRAVEL, 
I gravel · 
I 
I SAND ~ GRAVEL, 
+ rounded gravel 
I 
I 
I 
I 

ooarse sand to fine rounded 

fine to coarse sand and fine 

+ I+ 
I SAND ~ GRAVEL. coarse sand to fine oravel with II 
I SOlie fine to oeil sar.d - II 
I II 
I II 
+ 
I 
I 
I 
I 
+ 
I SAND ~ GRAVEL, fine to coarse sand and firoe 
I gravel with a l1ttle oed to coarse gravel 
I 
I 
+ 
I 
I SAND ~ GRAVEL, coarse sand to oediUII rounded 
I gravel with SOIIIi; fine to oed sar.d and coarse 
I gravel 
+ 
I 
I 
I 
I 
+ 
I 
I 
I 
I 
+ 
I SAND AND GRAVEL, coarse sand to coarse rounded 
I gravel with sooe fine to oed san.d 
I 
I 
+ End of boring 
I 

B-7 

I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 
II 
II 
II 
I+ 
II 

I 
I 
I 
I 
I 
I 

I 
I 
I 

'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

::...... r=' 

- i 
- ,__ I 

I 

~ I 
I 

I- I 
~ I I-

~ I 
1- I 

r= I 
1- I 
I- I 

r"'=' 
I 

Ceoentlbentoroite seal 

2 - iro. SCH 40 PVC rasiroQ, 
Flush threaded. · 

Centering guide 
Blmtoroi te >•ellets 
Fine sar.d 

Sand park (Moroterey- Aoua 181 

Midline slotted SCH 40 PVC screen 
120 slot size! 

Centering guide 

Natural forsation 
Bot tOll SUip 
End rap 

FIGURE B-7 
MW-7 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENION, WA 



CH2M HiLL ICJN!TORING li:LL LOG 

PROJECT: CITY OF RENTON GROUNDWATER I'IJN!TORING WELLS 
NUMBER: 520080. ~ 

COI'\PLETION DATE: APril 23. 1986 

LOCATiON: RENTON, WASHINGTON 

6~ ELEVATION: 34.0 ft, M5t 
PVC CASING aEVATJON: 34.12 ft, MSL 

DEPTH TO WATER FROI'i 

W""ill: Mll-10 

DRILLING METHOD: CABLE TOOL, 8-INCH CASiNG 

DRILLER: fm<li!DO DRILLING AND DEVELOPE~NT C(), 
GRAHAM, WA 

INSPECTOR: J. NINIDI~ I SEH 

SAJIIPdNG METHOD: EXHMitilTION OF BAILED CUTTINGS 

I 
I 
I 
I 

GROUND & DATE: 13.8 ft., 4-30-86 _________ J 
DEPTH I DESCRIPTION OF MATERIALS II 

II 
II 
I i 

BELOW I 
SURFACE i 
(feeil I 
---1------· ·---II 

0 

15 

25 

35 

40 

I 
+SILTY LOA~. 
I 
i 

brown to bia~k 

I SANDY SILT, fine sartd with some med ic• ~oars• 
l sand ar,c fir.e gravel, brc.wr1 
+ 

. 

II 
i+ 
II 
I i 
i I 
II 
i• 
I i 
II 

i SILTY SAND AND GRAVeL• 
i sar.d to fine gravel 
+ 

browr, silt, roostly ~oarse I i 
II 
I+ 
II 
I i 
II 

+SANDY, GRAVELLY SILT, layered zones of siitr 
i sar.C ar.d gravei~ arl\l gravelly silt, fine to 
I 11ed gravel, gray silt 
i 
I 

+ 

+ 
I 

i 
I 
+ S!LTi CLAY, witr, some fir.e to oed pravel 
I ar.d a iittie fine sand, sofi, no thread, blue­
! gray 
I 

• 
I 
I 
I 
I END OF BORING 
• 

B-8 

II 
i+ 
I i 
II 
li 
i I 
I+ 
I i 
I i 
I i 
II 
I+ 
I i 
II 
I i 
II 
I+ 
II 
II 
II 
I i 
I+ 
II 
II 
II 
II 
I+ 

r 

RECORD 
DRAWING 

f- -

- --:-

-
"<:::::::: '="" 
~ t:::: t:::: 
t=:::: F r-

E= F== F 
~ 

~ ~ 

I 
I 
I 
I 
I 
I 
i 
I 
! 
i 
i 

I 
i 
I 

I 
i 
i 
i 

i 

I 
I 
i 
I 
I 

I 

i 
I 
I 
I 
I 
I 

WELL CONSTRUCTION 
DETAILS 

___________ I 
Concrete meter box witr, lid 
en steel casir.g with lc·ckir,g c-a., 
!See Ger.et·alizec wed Cor.stt·uctic-r, 
diagram for detaili 

Cement I ber.t or• it e se• J 

2 - ir •• SCH 4~ f'~C cas:r••· 
Flush tnreaded. ~ 

Bentorcite Peliet: 

Fine sand 
Cer.terir,g guide 

Sand Pack (Monterey- Aoua #8' 

Ma~ine sic•ited 5Ch 4~ PVC screec. 
120 slot sizei 

Natural forlliliior• 
Bottoo sumo 
End caP 

FIGURE B-8 
MW-10 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CH211 HILL I'UNITORING WELL LOG 

PROJECT: CITY OF RENTON SRO!iNDWATER liONITORING WELLS 
~BER: S2008~.Ae 

CQI!iPLETION DATE: Aorii 27, 1986 

LOCATION: RENTON, WASHINGTON 

SRIJOO) ELEVATION: 32.0 ft, MSL 
PVC CASING ELEVATION: 32.24 ft, MSL 

DEPTH TO WATER FROM 
SROil'W & DATE: 12.0 ft, 4-30-Bc 

DEPTH I DESCRIPTION OF MATERIALS II 
BELO~ I II 

SURFACE i II 
(fee:l I II 
---1 li 

I II 
0 + SAN"DY SILT, firoe sand, with a trace of fine I+ 

i gravel, soft, brown II 
I II 

+ 
i 
i 
i 

li 
j i 
i+ 
I i 
II 
I! 

I SILTY SAND AND WOOD DEBR!S. 
+ br-owr~ tu blac~, sc•ft 

fine sar1ci, dark II 
I+ 

i 

i 
t 

I 
I SANDY SILT. with trac< c·f wood debris, 
I 

II 
II 
il 

/l 
li 

dat•k ~ra)' i I 
II 
i i 

2C + I+ 
i II 

II 
i SAND AND GRAVE!., mostly coarse sar,d tc• fir.e II 
i gravel arrd sorne browr1 silt I i 

25 + I+ 
I II 

il 
I i 

same but with some wcoe<l chios II 
30 + it 

I II 
I II 
I II 
I II 

Will. : JIIW--11 

DRILLING METHOD: CABCE TOOL, B-INCH CASlr;G 

DRILLER: HOKKAIOO DRILliNG ~\'ill DtVELOPE~cNT CO. 
GRAHAM, WA 

INSPECTOR: J. NI~< I SEA 

SAMPLING METHOD: EXllM!tiHION OF BAILED CiiTTINGS 

~ 

RECORD 
DRAWING 

rr-

r- -

r- r--

r- r--
t-- r--
f'.-.. ../ 

:= 

== ::::: = 
== ::::: ::::: = 

-i 

~ 
I 
I 
i 
I 
i 
i 
I 

I 
i 
i 

I 
I 
I 
I 

i 
I 

I 
I 
i 
I 
I 

I 

I 
I 
I 
I 

WELl CONSTRUCT! or, 
DETAILS 

Concrete meter box wit~ iic 
au steel casing with lc~king ca~ 
!See Genet'aiized well Cor~truc;lC•r• 
diagra~ for deia1ii 

Ce!tent/ber.tor.ite seal 

2 - in. SCfi 40 PVC caS!n;. 
Flush i~reaoeo. 

Bentortite Peilei: 

Firoe sar.d 

Centeri T1B guidE 

Sand Pack (~r.terey- Aoua iiii; 

Machiroe slotted SCH 40 PVC screer: 
120 slot sizei 

35 + SAN'D AND GRAVEL, coarse sar.d to med grave 1, I+ 
1'---

:= I 
I rounded, hcoie is makir,g alot of water I i 
I I I 
I II 

r-
i II 

40 t END OF BORING I+ 

B-9 

~ I 
i 

Centering guide 

Natural fornatior. 
Bottom sump 
End cap 

FIGURE B-9 
MW-11 WELL LOG AND 
CONSTRUCTION DIAGRAM 
CITY OF RENTON, WA 
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Appendix C 
WELL LOGS FOR EXISTING AND REPLACEMENT 
PRODUCTION WELLS AND THE MAPLEWOOD GOLF 

COURSE TEST WELL 



I sc:::--

I 
I 

.AOO-

I 
I 

~co--

I 
I 
I =---

I 
I <=>0----

I .. 
I 
I 
I 

=---
I 
I 
I 
I 

LIBERTY PARK WE LL5 

WELL N ~ I WELL N• 2 

-~~~1! ~n'IIT"'""" 

WELL 

,_, ,_ 

WELL Ne 4 

·.o .. 

wooo . ·•.' 
GRISSII<CJ ., • 

--OR .. ,-~ SWL. 

Cli'IAYEL ~~ 

·-GoVoVI!I. ~ $tloo01! wAT&I'I 

a ... .,,. -..veL. 

~·~ 

loiAAOPAo.l 

c~• 

~~~~ 

TWO 4-tNCiol PIP!::S C'OWN TO 75 H!=T Wil'l~ US£0 
1"0 ... ""'CPING GA,o.V"'L. 

0<1UGoNAI.. PU ... P TI!:ST l'lO (!oPM WIT>i 43 !"T. ~t::IOWI'f 

c; IOIC" COLuMN • l..eHOTiol "'OT W.NOWN 

!!oO"""' 1000 ~l"h'\ US MOTO'"' SEI'UAL. 32G.U"I 

~THINGTO>I PI.IMP 5121! IO·G.00•5 ~E"""'L. TIISI 

...OMINAI. C-'P4CITT tOO (ii"M 

WAJ,.L..A,£:.1! t TIUI"""N A...oll"! C_,LOI'ItN.ii .. TOF\ 5E~. 1!1~·:;14152 

OFIILLI~.:;> ~T .JAWNSEN Of"iiLLIN~ CO. IN 1'14:2 FO~ 
NOAT ... wC.ST -~Co;> AS MoGNI. ... NOS W~ Ni!l 

(ALSO KNOWN AS fEST WE.LL Ne :2) 

0-
:s:. U.G Y&I.ILT HDOII! 

. I!::L. 30.01 Al1'l LINE 
LANGT .. • 
~:50'-"1~ 

W'=.LL N9 5 

0 0 

WELL N2 G 

( A!..SO KNOWN AS TEST WELL Ng I ) 

o-

lSi- I 

··. 
3110-

\'4"MIN:,!~ 
~,.,~""'GO<; 

-=· IC"CASrNG 

l;i"I.INa" 

>0" HOLE 

'2"\0' 0" ~· COLJJ"-'"' 
4'•0" O" PUMP 

~.v•v;;.-:.FI...OOtt. 

,-,,.E S.O...C 
T"'"' C~AV 
-~us ;:;.LAY 
-fle31-1':" 5ot>,ND 

•G""'"'~'~­
..,_-""'"'- eLue ,....,,.,,...., 
L;:.c_}-.._::_:;~., s.uDY 

WELL NQ 7 

12"CA5tN3 

IS4-

'~-

10"C.&,$oN:l 

281-
!,~~··...,,,.,s 

1 "'"'"'"""Pio>.Co< 
::I.~jj-~~:: 

'[I".~ f r:·· a.- ..... ~ 
~sq .'. 

~11!1-. 

TI.:O>'~ ~ ..... =­
~~~~~ W.\TI1"') 

,.,.., .. 

fiGHT SA,.O 
o CV.T 
TIG .. T ~><C' • c;......._v..,_ 
HA<>t.l.,-AN • 
e:?:;COEO:.S 
MA."9-" 
~f-.c~i'"t..~ 
-..,. .. ~o ~ =''""'Y 
Gz.;:,.i_ ......... u.. 

SHALE 
Co.<uo.S-!0 SI>J.IOJ .. ' 
S......._f '1" CL ... V 

O"-t(ill•.t4LLY ~UIPP[;~ StMII..A.!'I 
TO WELL Nf G f!UT "'0MINAl. 
C:4-ClTY !75 GPM c;.AAV.L ~ CLAY 

"''"""u! L.a_T .. (T) 

S,..HO~ .•.•. ~-
Aoi"'LI .. e' 
t.•NGTN(l'\ 

-"(PJ..~"""'ve::'----•~- 5-WL. 
l.(>0$1: ~ ...... VI!!L. (WATI!PI.) 1'/al.~ 1111.2,4.!1 

TIG+'T G......,.L. 

.. 0,... .:5.4t5 "PM f""""'Nili,.J"' Su& ... i."'SU~Ll!. 1.(0'101'\ 

IO·STAGii 7l4 PUMP EQUtF"MANT AI!!MOV~O 4N0 
WEU... A&ANOONI!O 

GO' OF 10" COUJMN 
.;;• ·G" 0' PUMP 
:Z' 0~ SO::I".f.l!N C fl 

GI\AVIi.L 

'ZOO 1-P leDO I'IF .. G.l. M0ToP; ~~~ WVJ "121001 

7·5TAoiSE 12 e!; C:QI".o,f~l FUMP 5el!lAL !1-42 

NO .. ,~ Cr>.PACrrY :z,ooo Gf"M 

(Well.. Ill Cf\00~0· TIGI-IT AT .41 Fl!l!T) 

I:P.IL..Lee _LII.N..Sl!N OA.IU.tMG 111•'2 

WEt.L IIi Sfiflvlel! J<~oNIIAA'( I .... 

15 !of> Pu ... P QI.A ..... I!O TO :ZOO loP 
I!:OIJt .. lto11!!...,. IN ... lii ... Ciol ""'":Z 

O~P'T>t TO I!IOTTo .. 0" W~U.. 1!11"T, 

GO' OF !'2" COlLI"""" 
"''·'"" Of' Pu .. P 
7'01' SC:AUN 

SoA>£1 4 GI'IAV&.I.. 

200 loP 1!100 "'I"M C!o.l!!. J>IOTO!'I N! WW '17'1001 

~,sr""'"e 141!C CQf'.HEI.l Pt.l"'l" .$ERI""L. 3-11 

NOM'-L CA.f'II,CITY ~000 GI"IW\ 

PP.ILL~ .JANtt5e.N PAII.LINIO 1'14'2 

fii'EI.l. IN sef'NICe .JA>IUA!'IY J<!4.4 

75 W ~t.AOO CNANGI!D 10 20() H" 
~II'"ME"Hf tN f"EMJJA!'IY l"'ri:Z 

DEI"T>I "10 I!>OTID .. 0~ WUI.. 1G l"f, 

~J.e_ep.""'cv£1:~") 

' ! :;::.: "~ 
f. :::::: 

5.li.N0 <!; .:0"'"'"'~ -Ta" 
TI61-'T lio'IINO ~ GOU.WI,.. 

cn<IR!O~ SAND • <iOAAVU. 

("'"'"'"'' 
Tlc.;.rr~(G-VU. IL '"''' 

10 ""' 

.40' Of' 8" COC...UM"" 
s.·-o• o~ f"uM~ 
3' CIP' SC,..RI!H 

SAHO',CJ-~ 
.~, 

1001'1" ISOO"'PJ.1 G-E.~ N~ tVJ I:Z:Z"'12'2 

5·5TA31! r.U:>c ~Nl!U.. "LLMP SVUAL 352 

NOMtou.L c.AI"ACITT 1~00 Gf"M 

~ weu. sc~ "'~ ~ n. TO sa n. 
eQutPM&OIT IN LAI'IBI! U~OIJNO VAUI.T 

~li.LW G4U010 ~ILLt"'G 1"151 

WJ!L.L IN SE"VIC.e AUGIJST '"~2 

NO"'INA.L CAI"4CI"T"I' :500 G,.M 

Ct!'ltLLI!.O I!IY GAIJOJO OP.o.u.JNG CO. ~Ef"'T. J"'S"l 

eQUJPMAI'>IT IN UNOERG~OL/1'110 VAULT 

D,..ti..LEO BY GAI.IOIO OOO;ti..LING 
IN CX:T06ER J<!Sq 

.!JIS-. • 

·~-
12-tWC .. !VVH>Illll 
caoo<. sc ... u.N 
O·"''"~oNG$ 
Pl.IGrleO DOTTOOool 

~- =.:~~ ': 

:210' 01" 10· rN:::o.J COJ.Ullo,4N 
~2' OF PUMP tj TAolLPIFI'£ 

' Cl!iM&~ $AltO~ GA.&vl!l.. 

j B(.UE C~Jo.V 
!;.ANP ori -lSI. I~ CLAY 

. L0051!' c;..-N &AIIO • -....vlEI. 

~t"~ ~ ::....~:t '"'CLAY 

SAND ~ ~LAY ·-

a,BAH e.ou..ms·-o• ~ .... 
SA"'O'~'"c;.J...AY 
t;L~N ~ o;.R.&v:IIL ~ ~ 5oAP¢I 

~6 ~C.~"':.,""'- "' CLAV 
1.0051! CLU." COA..S. .sac:>~ G ..... v&L 

561-10 ~ ~ '" Q.4Y 

'"'Hit SAHP 

ci!!.,.&.OIT&C' _ .. o + _ _._ 
yf,..,. --

2'00 loP 1775 1'1 ........ (0;1! h<OTO"' HI ""~(~' ~0010 
JO·IOT<Io<iE r:ZIC."'MM LAYNf:-l!!oOWL~I'I pUMP sei'IJAI,.. 111117"15 

NOMio..JP<L ~I"AGIT'r' 1, 300 GP""' FIGURE 3 

CITY Of RENTON, WASHINGTON 

WATER SYSTEM INVESTIGATION 

WELL LOGS & EQUIPMENT DATA 

I 
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.. 
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01· 

92 ,.. 

- - -
3'-· 

/.' ... : SAND 
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b 
J 
~ 

SAND & GRAVEL l DRY) ~ 

SAND & GRAVEL 
lSOMf NA TEl! l 

-·--
flt~fll SAND, lARGf GII.1VEl, 
SOME SICT l TIGHHR) 

CSil TY SAND, 
_LARGE G~_AVEl 

SANO,Gii:AVH, 80Ut0fiiS 

TIGHT SAND, GRAVEL, BOULOEIIS 

SAND, GRAVEL 
f LOOSE, WATER VERY RUSTY I 
WEll GRADED 

TIGHT SAND & GM_ttL 

Cl A't 
(DRILLED OPEN HOlE) 

102-----

- - - - - - -
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107 
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FIGURE 2 
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.., 

SAND 

SArlO ~Cl-'•H GRAVEl 

SAND, GIIAVH, WATER 

THIN lAHIIS OF PEAT 

-:---: -60 

' ' 
' ' • ' ' 

: 
' • • •: SAND, GRAVEL, WATER 
' ' 

: 
• -90 

TIGHT SAND & GRAVEL 

- - -

,., NCH WELL CASING, 
ORATED 60' TO 90' PERF 

WIT H MIUS I(Niff 

4 " 
OLES AROUND, 3/&"•1" 
OT APART I >0 

8-INCH OBSERVATION WELL 
NOT TO SCALE 

WELL 
CITY OF 

LOGS & 
RENTON, WASHINGTON 

CONSTRUCTION DETAILS 
CORNEll, HOWLAND, HAYES & MEIUlYFIHO 

Engineer• ond Plonnerl 
UAtHl 

4790.2 FEBRUARY 1968 

-



Boring Log and Construction Data for Well 9 

Geologic Log 

== ..... 
~.5 around Surface Elavallon In Feat ..... 42' 

0 

~ Silty SAND (reported) ,, 10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

J---- -- -- -------

Brown GRAVEL-SAND-CLAY (reported) 

-: 
~ 

-: Gray-brown, saturated, very sandy GRAVEL and COBBLE 

~ 

~ 

Brown, saturated, silty, gravelly, cobbly SAND with 
mottled, silty, fine sand interbeds. 

~ Brown to gray, saturated, cobbly, sandy GRAVEL. 

L;a.a :-;s il ty 

c Brown, saturated, slightly silty to trace s ll ty, 

' 

' 

' 

-: 

-: 

' 
' 
c 

gravelly, fine to medium SAND. 

f---- ------- --·-
Brown, saturated, medium to fine SAND with traces 
of gravel and cobbles. 

~ Gray, saturated, silty 
gravelly, fine to coarse 

to very silty, slightly,\ 
SAND. (Glacial Deposits 

Bottom of Boring at 117 Feet. 
Completed 8/25/83, 

heoorledl Allers IO mlletlll lypl encountered 11 tiOOflld bJ driller. 

GS Qreln Sin Anelyals 

a.a. AtAbo .. 

Sample 

S-1 
S-2 
S-3 

S-4 
S-5 

S-6 

S-7 

s.g 

NOTES: 1. Soli d .. crlpllon• 111 lnterpntlwe ertd 1e1uel ch•no•• may be gredUII. 

2. W1t1r Level _.sz.... Is lor dill lndlcetld and may "''' wllh lime of year. 
ATO: At Time ol Ofllllng 

:sz.. 
10/3/U 

GS 
GS 

GS 

GS 

GS 

GS 

GS 

~· El•wlllon •tllm•t•Cf lo b• ttm• •t Obten·•llon W•il 8 •nd w•t obt•in•d from 
Cltr ol R•nton W•H lot•llon M•p W665. Sh•al 2 cl 2, Cfuwn br ~~24EnglnnrlnQ. 1182. 

Well Design 
Top Caalng Elevation In Feat ""'44' 
Casing Stickup In Feat .., 2' 

20·Inch ... (lll•1141 ID) 
Sl"l CtJing 

F•V Monl•r•y S•nd 
bacilli II 

Sle•l Cuing 
20·Inth • to UHnoh • 

AQIII 41'8 M~:tnt•ray 
s.nd btollllll 

2C·Inatt • drllltd hole 

or ta:lnctt ( 
•lz:a John•on 

St•lnl•n Stnl Wall 
tcrun. 0.035·1noh 
•I ott 

1B·Inth. Bt•nt: St•et 
Caatno 

'l'u Orl'l'tl btollllll 

Bollom Platt 

J-1148 September 1983 

HART-CROWSER & associates, inc. 

Figure A-1 

I 
I 

I 
I 
I 



1 Boring Log and Construction Data for Observation Well g 

I 
I 
I 
I 
I 

Geologic Log 

== QU. 

• 0 c: Ground Surface Elevation In Feel 
0 l~nsAnB:s~lt~'~82WssM'M? lA~-'~an~'~88W g::.:_:,. 

c Brown, moist, slightly silty to clean, slightly 

10 c~v~A_!!Q_,_ ----- --- --- --­
Brown, moist to saturated, gravelly SAND with layers 

-of slightly gravelly to clean sand. 

30 

..: Brown, saturated, very sandy GRAVEL and COBBLES. 

40 c 

1 50 

c 

I 60, 

I 
80 +---- -- -- -- ---- --·-

I Gray, saturated, slightly silty to silty, sandy 
GRAVEL and COBBLES, interbedded with fine sandy 
silt layers. 

90~----------------~ 

I Gray, saturated, interb'2:dded silty, fine SAND 
~fine sandy SILT; sand layers Willer bearing . 

(Glacial Deposits) 
100 c 

I c 

110 ~ 

1120., 

c 

1130. 

I 

and 

Sample 

S-1 

S-5 

S-7 

S-B 

S-9 

S-1 

S-11 

•

NOTES: r. Soli ducrrorlont ''' lntnDr.rl•n tnd ICiutl chtnQtt m•y b• Olldu•l. 

2. Wtt•r L•"•' _51_ 11 lor d••• lndleeled and may "~'Y with Ume ot r•ar. 

ATO: AI Time ol Orlllln; 

I 
C-5 

Well Design 
Top Casing Elevation In Feel 
Casing StickuP In Feet 

ljl--12·1ooh 1fl Surleoe Stll. 

ll·lnef'l • Wtldtd 
sr .. r Cuing 

!-'-!-- t.llll1knll• Sloll, 
15 11011 oer round, 
1/of' I 1•1/2' 

CUI II; backrllled •llh 
Pu Or1vel 
end Ben1on111 

J-1148 September 1983 

HART-CROWSER & associales, inc. 

Sheet 1 of 3 Figure A-2 



I 
Boring Log and Construction Data for Observation Well 9 

Geologic Log I 
r:• -· "'"'" • o.!: 
150~----------------------------------, 

-----
160 ~ a.a •• few wood fragments noted 

170i---------------------------------~--~ 

180 

190 

200 

Gray, hard, slightly gravelly, slightly sandy to 
sandy, clayey SILT to silty CLAY. (Till-like) 

Gray, saturated, slightly silty to silty, gravelly 
-SAUD, with layers of silty sand. 

-

~ 

250 : 

c}----------- ---·-
Gray, hard, fine sandy, clayey SILT to clayey, 

260 silty, fine SAND with scattered gravel. 

' 
270 

' 
280 

; 

Sample 

S-1 

S-2 

S-21 

P•e Gn••l •"d 
Benlonlfe b•ckllll 

290 

c I 
300 c 

C-6 

J -1148 September 1983 

HART-CROWSER & associates, Inc. 

Sheet 2 of 3 Figure A-2 
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I Boring Log and Construction Data for Observation Well 9 

I ". -· Geologic Log 

""" 

I Cs 
300~----------------------------------, 

~Gray, hard, ftne sandy, clayey SILT to clayey, silty 

I 
fine SAND with scattered gravel. 

310-

I 320 c 

-
I 330 ~ 

340 

I ; 

: 

350 ~ 

I ~ 
360.: 

1390 c 

c 

11 400 ~--------------------------------~ 

jBottom of Boring at 400 Feet. 
Comoleted B/5/Bl. 

1410 
1420' 

•• 30' 

440 

I 
450 

I 
I 
I 

C-7 

Sample 

S-ZZ 

J -1148 

l·lnct'l - W•lchd 
Stul Culno 

Seplember 1983 

HART-CROWSER & associates, inc. 

Sheet 3 or 3 Figure A-2 



Boring Log and Construction Data for Well RW-1 

~· -· 
Geologic Log 

~u. .. 

0 .!: Ground Surface Eleva lion In Feel approx . .ao feet 
o· 

' 
~ Silty SAND 

10 ~ Gravelly. sit ty SAND 

20 -: "Claybound" GRAVEL and COBBLE 

c 

30 

Bro~n. sandy, cobb!y GRAVEL 
-: 

50 Drown, gravelly SAND 

' 
80 

Dro-~n, very sandy GRAVEL 
....;.._·Oro1~n. slightlv gravelly SMIO {Hcavlnq) --70 

~ Orown. very sandy GRAVEL 
b---------

Grown sandv cobbly boulclcry(?) GRAV[l 80 

Drown, 5 i 1 ty. sandy GRAVEL I Tight I 

Brown, cobbly, very sandy GRAVEL 
90 

:..leathered S.t'JIOS TOrlE 

" 
Cottom of Oor•ng at 96 reet. 
Como 1 e ted l/16/87. 100 

' 
(Casing advanced to 92 feet) 

110 

120 ' 

130 

uo 

" 
150 

T 
~ 

~ 
~ 

c ,. ... .., 
G 

"' .. 
0 
~ 

l 

Sample 

S-56 

S-64 

S-68 

S-72 

S-77 

S-39 

NOTF.S: I. Sofl dllcriDIIOftl lfl lnllfDflllwe lftd ICIUII ChlftOII l'ftl'f bl Gflduel. 

2. W111r Lewet ..$1_ 11 lor 11111 lndlc:llld 1ne1 "''' w•n -..Itt' llml of 'fllf. 

A TO: At ""'• nl lhllllnO 

C-8 

Lab 

GS 

GS 

GS 

GS 

GS 

GS 

Well Design 
Top Casino Elevation In Feet 
Casing Sllckup In Feet 

2•- inch ~black 
steel oroduc 11on 
c• s•no 

r--••••>••'•••• K·oscker 

Jr-------~~- Orhre shoe 

illlllll~:ii~~ OIOe 

~:-~~?.~d~"2'h 
Utl~scoo•c 
slamless stPel 
screen assemoly. 

'-.2SO·onch slot s1ze 

~-.OSO·I"'cl"l slot size 

t. Johnson stainless steel contrnuous 

slot screen. 

2. S1111nless steel otank secHons. 

riser •nd tatl 010e. 

Hart Crowser, Inc. 

J-1667 7/87 

Figure 2 
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I Boring Log and Construction Data for Well RW-2 

li Geologic Log 

• 
·:·around Surface El••allon In Fool accrox. 40 foot Sample Lab 

110 
20 

I 
30 

too 

1110 

I 

r---._ TO__!:!_ SO i I 

~ Sandy LOAH 

GRAVEL and COBBLE 

-
c "Claybound" GRAVEL to SANO and GRAVEL 

' 

-: Brown, slightly sandy to very sandy, cobbly GRAVEL 

-: 

' 
' 

-::- -- -- -- -- -- -- -- -- -
Grown, s 1 i gh t 1 y grave 11 y to very grave 11 y S.J\ND 

' ---;;-_ -- -- -- -- -- -- --Crown,· sa nay, cobb 1 y Gf:."..~'El -=------- -- --
Brown, sllty{?). gravelly S.'\ND (Tight) 

·-=------. --- -- --
.. Grown, very gravelly SArlO w1th cobbles 

-=------ -- -- ---
Brown, slightly gravelly SAflO 

__ / Grav, '..leathered SAt! OS TON£ '--
Bottorn of Borin'J dt 100 Feet. 
Co~oleted J/7/07. 
(Casing advanced to 9'3 feet) 

-: 

-: 

' 
' 

,. ... , 
• .. .. 
0 
.J 

l 

5-56 

S-64 

5-68 

5-75 

S-91 

I NOTF.S: 1. Soil deecrlcllon• ere lntercrell,e end actual cttanoas may bl gredual. 

2. W1ter I•••• _S/_ h lor rtal& lncllclt•c.l •nd may ,ery wilt'! time Of y•a•. 
A 10~ At 11"•• nt nnmno 

I 
C-9 

GS 

GS 
GS 

GS 

GS 

Well Design 
Too Casing Elevation In Feel 
Casing Sllckuo In Feet 

~+-''"'"'•• seat 

Neoprene K·•,.cker 

shoe 

2·1oot lenoth 
t)lank I!Sitf tUOit 

20·1ool lenoth ot 
2•·incn = ter,scooic 
.200·•ncn srot s•za 
suuntess sleet 
screen 

4·1.,01 IIII"Qih Of 
tall OIPfl 'IUtft t)ail 
t)ottom 

Screen assamDty meter•llls: 

I. Johnson staml•ss staat eonllnuous 

slot screen. 

2. Starntess steel Dtanlr. secftons. riser 

anll !all c•c•. 

Hart Crowser, /nC­

J-1557 7187 

Figure 3 



Boring Log and Construction Data for Well RW-3 

Geologic Log 
·;: 

GU.. 

• 
O:S. Ground Surface Elevallon In Feel agprox. 40 feet 

0 1 
~ 

, SAND and GRAVEL ( Fl ll) 

t-----------------------------------~· 10 ~ 

wcemented" SAND and GRAVEL 

20 

c .. 
.a .., 
• D 
D 
0 
-' 

30 ~----------------------------~l Brown, gravelly SAtiO 

f.- --- -- -- -- -- -- -- --
Brown, sandy to very sandy, cobbly GRAVEL 

50 

60' 

70 .._ _______ _ 
-~o~f/0 fHea~ to ver~v.t!.l:t.._SANO __ 

80 ~o~erv san~o~GRAV(l _____ _ 
Grown. s1lty ( ?). very sandy GRAVEL with cobbles 

90 

100 

110 

120 

130 

1•o 

150 

3ottom of Bor1ng at 84 Feet. 
Completed 5!20/Rl. 
(Casing 6dvanced to bottom of boring) 

Sample 

S-51 

S-57 

S-64 

S-76 

NOTF.S: I. Soli ducrtollona ••• lntarpralha and actual ctlano•• may be gr1dua1. 

2. Watar l•••l _:s;_ 11 ror data Indicated and"''' wary wllh lima of"'''· 
ATD: At lln11 nl flrllllnQ 

C-10 

Lab 

GS 

GS 

GS 

GS 

' 
' 
" 

Well Design 
Top Casing Elevallon In Feet 
Casino Sllckuo In Feet 

":' 
N c -

+i--
' 
' 
' 
' 
~ 

' 
' 
' 
' 

.I 

-

E-
~2•-incl\ e black 

Sl81tl DfOOUC!IOn E-caseno 

E-

E-
lr Neoorene 

K-oac~er r-
Orl•• snoe 

E-
2.S·Iool t~nQtl\ 
blank ruer P•o• E-

20·toot lenQth ol F-
2•·incn ~ 
lell!SCOOIC 
.200·•ncn slot ~ 
sue sla•nless 
11~~1 scr~en 

4-lnot l~ngtl\ ol 
Ia 11 oroe .. , '"' 
ball ODIIOtn 

Screen assernDty materials: 

-

-

I. Johnson sta•nt~ss steel conhnuous 

slot screen. 

2. Suuntess steel ot~nk sec linn'S. user 

and 1111 DIPI!. 

Hart Crowser, Inc. 

J-1667 7/87 

Figure 4 
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-Cj) 

I ~~ 
'gcg_ 
g::l 
-:B 

I :t; 

I 
=e 

I m .... .... 
.... 
0 ., " I ;:; ,. 

c: z 
"' 0 
m ., .. n 

I 
: 
m 
ll: ,. ... 
n 

I 

.. 
• ... 
.5 
6: 
ii • 0 1 

120 

140. 

CITY OF RENTON TEST WELL 
MAPLEWOOD GOLF COURSE 

GEOLOGIC LOG 

Gray Sandy Fine to Coarae 
Gravel with Numaroua Cobblaa 
and Len••• of Silty Fine to 
Co•r•• Sand (Upper Aquifer) 

Gray Silty Fine Sand Interbedded 
with Gray Sandy Slit 

f----------- 97' 

Gray Fine Sand with Slit and 
Occaalonal Placaa ol 
Organic Matter 

Gray Silty Fine Sand 

Dark Gray Flna to Coaree Sand 
and Gravelly Sand with 
Occaalonal Cobble• and Lenaaa 
of Fine to Medium Sand 
(Lower Aquifer) 

CONSTRUCTION DETAILS 

Bentonite Surface Seal, 12-fnch O.D. 
Static Water Laval In Lower Aquilar on 

.1~ 8/21/80, Prior to Pumping 

.6'Statlc Water Laval In Upper Aquifer 
on 8/7/811 

Laval In Cedar River on 8/21/88 

1~--11" I.D. Steel Cuing 

•- Stabilized Water Level In Weli 
durtng 513 GPM Pump Teat 

----Johnaon Stalnlaaa Staal Wall Screen 
a• Nominal Dlamatar, 100-Siot 

' Anjru:£!n:!:~i:!!~GJ~~~!ffi::1][l[g;;: !-"'-'-''---- 7• Diameter Tall Pipe with Waldad 
179• r,----'-r-17B''-..... Bottom Plata 

Bottom of Wall 
Silty Fine to Coarae Gravel '--l,-- Sand Backfill 

Depth of Well Boring 

Note: Ground Surface Elevation Ia 71.1 Feet, City ot Renton Datum. 

C-11 
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GEOLOGIC 
Appendix D 

CROSS-SECTIONS FOR THE CEDAR RIVER AQUIFER 
(SOURCE: CH2M HILL, 1988) 
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I D-1 

Scale in Feet 

0 1500 3000 

FIGURE D-1 
WELLS USED TO CONSTRUCT 
GEOLOGIC CROSS-SECTIONS 
CITY OF RENTON, WA 
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c 
I 

> 
Cl 
z ., 
> 
0 

"" "' ...: 
!:!:. I 
c 
.2 
iii 
> ., 
iii 

I 
I 
I 
I 
I 
I 
I 
I 
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A 

I 
40-

LW·S LW-11 LW·12 

20-

o-

·20-

·40-

Sandy Gravel (Fill) 
Fine Sand 

Silt with 
Brown Peat 

-
Fine to Medium 
Sand (Loose) 

Layers of 
Silt, Sand & Peat 

Peat 

Fine to 
Medium 
Sand ·-

Approximate 
Horizontal Scale 
1""=1750" 

Sand, Silt 
& Peat 

4 
p:"~y me . 
Sand 

Brown Peat, 
Silt, Sand 

Occasional 
~eSand 

Silt & Peat ---Fine Sand 

Sand, Silt 
& Black Peat 

Sand/Gravel 

Brown Peat, 
Silt, Sand 

Silty Sand & Peat -Sand/Gravel 

SECTION A·A' 

(See Figure C·1 for Plan View) 

MW-11 
Cl 

No 11 No 8 
llJ 
(.) Sand 

Sandy Silt 

Sand/Gravel Gravelly -- - Clay 

Sandy Silt Silty 

Wood Debris Clay 

Sand & 
Gravel 

Sand & Gravel 
with Wood Chips 

_/ Gravel Gravel Coarse Sand 
to Med. Gravel 

Sand/ 
Gravel 

Hardpan 

Cemented 
Gn!lvel 

No 7 23/5-18RI 

.... Sand 

Sandy Clay Silt/Clay 

Sand & Gravel 

r--
Hardpan 

Peat, Clay, Sand 

Brown Gravelly Clay -
Blue Sandy Clay 

Clay -
Peat 

:----
Sand -Gravel/Sand 

Silt, Peat, Clay 

Big Gravel & Sand 

Clay & Peat 

D-3 

A' 

I 
23/5-1982 

Silty 
Sand 

Sand & 
Gravel 
Clay L ayers 

Sand & 
Gravel 

Sand & Gravel Clay Layers 

Sand & Gravel 

FIGURE D-2 
TRANSVERSE GEOLOGICAL 
CROSS-SECTION 
CITY OF RENTON, WA 
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I 

B 

I 
I 

40-

I 
I 
I 20-

I 
c 

I 
> 
(.'l 
z 
"' > 
0 

.Q 

I "' o-ii -c: 
0 

I :a 
> 
"' iii 

I 
I 

-20-

I 
I -40-

I 
I 
I 
I 

23/5-801 

Brown Sand 

Silty. Peaty 
Sand 

Sand & Gravel 

Fine Sand 

Peaty 
Silt 

Sand 

Peaty Silt 

Fine 
Sand 

Approximate 
Horizontal Scale 
1'"•1300' 

23/5-8E1 

Sand & 
Gravel 

Sandy, Peaty Silt 

Fine Sand 

Gravel 

Silt 

Peat 

Fine Sand 

Sandy, Peaty Silt 

Sand & 
Gravel 

SECTION B-8' 
(See Figure C-1 for Plan View) 

23/5-8M2 23/5-SN 23/5-1702 

~--
Brown Sand Sandy 

Silty Sand Gravel 

ayey " Fine Sand 

Medium Course 
Sand Fine :Fine Sand 

Sand & Peat 

Gravelly 
Fine Sand Silt Sand 

Silty 
Sand 

Sand & Silt with 
Gravel Sand 

Medium Sand 

Sand 

Peaty 
Silt 

Fine 
Sand 

MW-11 MW-3 

Silty Loam 

Sandy Silt Sand 

Silty Sand 
Gravel 

Sandy Silt 

Sand 

Gravel 
Sand & 
Gravel Silty 

Sand 

Sand & 
Gravel 

Sand 

Sand & Gravel 

MW-6 

Silty 
Clay 
Loam 

Sand & Gravel 

Fine 
Sand 

Medium to 
Coarse 
Sand 

Coarse Sand 

Gravel 

FIGURE D-3 
LONGITUDINAL 

B' 

D-5 

GEOLOGICAL CROSS-SECTION 
CITY OF RENTON, WA 
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WATER QUALITY SAMPLING RESULTS 
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taucks 
Test~ Laboratories, Inc. 
940 South Harney St..Seattle.Washin~ton 98108 (206)767-5060 

Chemistry.~ ard Technical Services 

CLIENT CH2M Hill 
P.O. Box 91500 
Bellevue, WA 98009-2050 
ATTN: Jerry Ninteman 

REPORT ON WATER 

SAMPLE 
IDENTIFICATION 

TESTS PERFORMED 
AND AESUL TS: 

Submitted 6/12/86 and identified as shown below: 

1) MW1 
2) MW4 
3) MW5 
4) MW7 

Rent 
Rent 
Rent 
Rent 

MW1 6/86 
MW4 6/86 
MW5 6/86 
MW7 6/86 

Certificate 

LABORATORY NO 97207 

om July 17, 1986 

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 Analxsis of Water & Wastes, 
U.S.E.P.A., March, 1979. 

earts eer 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/2. 
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. 

(J This~ cs subrritted tor the exclusive use of the parser'~, partnershtp, or corporation to whom il is eddreued. S&bsequen1 use of the name of th•s COI'Jipllny or any 
_ tnllfTit)er of rts san in connectiOn wnh t'le aovert•s•ng or ale of any product cr process will ~ vant.cl only on con•ac1. This company acceptS no respott~~bilrty exc:ttpt 

tor the due performance ot ,nspec~.oo lr'ldlor analysts •n ~ tanh and accon:Mg to me ruleS ot the trade and ot 10ence. 

E-1 



Laucks tJ 
Test~ Laboratories, Inc. Certificate 
940 South Harney St.. Seattle.Washin~ton 98108 (206)767-5060 

Chemistry. Mk:rOOidoqy. arrl Technical Services 

PAGE NO. 2 

CH2M Hi 11 LABORATORY NO. 97207 

parts per b i 11 ion (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-Dichloroethane L/1. L/1. L/1. L/1. L/1. 
trans-1,2-Dichloroethylene L/1. 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. L/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. 

~
' This report is aubrmted tor the exclusive use of the perscn, partnership, or corporation to :..t.om it is Mkireued. SlbMQuent UN of the name of this e:ompany or any 
-~- member of ItS staff 1n conl'llte1ion with l'le advertising or sale of any product a_proc:ess will M wanted only on contract. Ttus company acceptS no reaponsbdlty except 
~: tor the due per1ormance oltnspectJOn lndlor analys•s 1n fpX!Ialth and accordmg to the rules of the trade and of soence. 

. . 
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Laucks 
Test~ Laboratories, Inc. Certificate 
940 Sooth Harney St. Seattle.Washin~ton 98!08 (206)767-5060 

Chemistry. MicrdJioloqy. arrl'!echnical Services 

PAGE NO. 3 

CH2M Hi 11 LABORATORY NO. 97207 

parts per billion ( ug/L) 

Field 
Volatile Organics (b~ 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. 
Ethyl benzene 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. 

i}•- This ,.pan ts aublrit1ed tor the ex~us!WI use ot the pe!'Wl. partnership, or corporation to ..nom it is edctreSMd. &DMquent use ot the rwne olthis company or any 
ft: member of ns staff m connectiOn With f'le advertising or .u.le of any product« process wih be !J&m.d only on con11'act This company .:ceptS no respons~bdrty excepl 

!; tor the due performance ollnspectiOI'IInd/or analystS in good faith and accord1ng to tl'le rules of the trade anc:l of tOence. 

·''• E-3 



Laucks 
Test~ Laboratories, Inc. 
940 Sooth HameySt..Seattle.Washin~ton 98108 (206)767-5060 

CH2M Hi 11 

Extractables (by GC/MS) 1 

N-nitrosodimethylamine L/1. 
Bis(2-chloroethyl)ether l/1. 
2-Chlorophenol l/1. 
Pheno 1 l/1. 
1,3-Dichlorobenzene l/1. 
1,4-Dichlorobenzene l/1. 
1,2-Dichlorobenzene L/1. 
Bis(2-chloroisopropyl)ether l/1. 
Hexachloroethane l/1. 
N-nitroso-di-n-propylamine l/1. 
Nitrobenzene L/1. 
Isophorone l/1. 
2-N itropheno 1 l/1. 
2,4-Dimethylphenol l/1. 
Bis(2-chloroethoxy)methane l/1. 
2,4-Dichlorophenol l/1. 
1,2,4-Trichlorobenzene L/1. 
Naphthalene l/1. 
Hexachlorobutadiene L/1. 
4-Chloro-m-cresol l/1. 
Hexachlorocyclopentadiene L/1. 
2,4,6-Trichlorophenol L/1. 
2-Chloronaphthalene l/1. 

Certificate 

PAGE NO. 4 

I 
I 
I 
I 

LABORATORY NO. 97207 I 

parts per billion (ug/L) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Method 
2 3 4 Blank 

l/1. l/1. L/1. l/1. 
l/1. L/1. L/1. l/1. 
l/1. L/1. l/1. l/1. 
l/1. l/1. L/1. l/1. 
L/1. L/1. L/1. L/1. 
l/1. L/1. L/1. L/1. 
l/1. l/1. l/1. L/1. 
l/1. L/1. L/1. l/1. 
l/1. l/1. L/1. L/1. 
l/1. L/1. l/1. L/1. 
l/1. l/1. l/1. L/1. 
l/1. L/1. L/1. L/1. 
l/1. L/1. l/1. L/1. 
L/1. L/1. l/1. L/1. 
L/1. l/1. L/1. L/1. 
l/1. l/1. L/1. L/1. 
l/1. L/1. l/1. L/1. 
l/1. l/1. l/1. L/1. 
L/1. L/1. l/1. L/1. 
L/ 1. L/1. L/1. L/1. 
l/1. L/1. l/1. L/1. 
l/1. l/1. l/1. L/1. 
L/1. L/1. l/1. L/1. 

~
- This report is 14.1bni'tted lor the exclusive use of the persm, pannerstup. or COfPOI'a1ion to whOm i1 il -*'reued. Stbsequent uM of the name of tn•s com;eny or any I 
;~ member of its staff'" connectiOfl wnh f1e aavtrtising or •te of any product cr process will be "anted only on conl"act. This company acceptS no responabllrty except 
i~ fof the due pert~nce of Inspection Wid/or analysis'" g:IOd laith and ac:cordrng to tht rules of the tr.oe and of saence . 

. . . 
E-4 I 
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Laucks 
Test~ Laboratories, Inc. 
940 South Harney St.. Seattle.Washin~ton 98108 (206)767-5060 

CH2M Hi 11 

Extractables (by GC/MS) 1 

Acenaphthylene L/1. 
Dimethyl phthalate L/1. 
2,6-Dinitrotoluene L/1. 
Acenaphthene L/1. 
2,4-Dinitrophenol L/1. 
2,4-Dinitrotoluene L/1. 
4-N itropheno l L/1. 
Fluorene L/1. 
4-Chlorophenyl phenyl ether L/1. 
Diethylphthalate L/1. 
4,6-Dinitro-o-cresol L/1. 
1,2-Diphenylhydrazine L/1. 
4-Bromophenyl phenyl ether L/1. 
Hexachlorobenzene L/1. 
Pentachlorophenol L/1. 
Phenanthrene L/1. 
Anthracene L/1. 
Dibutylphthalate L/1. 
Fluoranthene L/1. 
Pyrene L/1. 
Benzidine l/1. 
Butyl benzyl phthalate L/1. 
Benzo(a)anthracene L/1. 
Chrysene L/1. 
3,3'-Dichlorobenzidine L/1. 

Certificate 

P4GE NO. 5 

LABORATORY NO 97 207 

parts per billion ( ug/L) 

Method 
2 3 4 Blank 

L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. .L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
l/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
l/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
l/1. L/1. L/1. L/1. 
L/1. L/1. L/1. L/1. 
l/1. L/1. L/1. L/1. 

I 0 -This repon it aubnined for the exctus~~~e use of the perscn. panner&tup, or c:apotatiOfl 10 whom il 11 .cklressed. SlbMquent uae cl the name of ttlis company or any 
I_ member otltl staff in connectiOn wrth fie advenising or sale of any prOduct Cl' process will be t;J&nled only on conl'ac:l. Ttus company ec:c.pts no rapot\libillty ••cept 

; tor the due pertorrrence of inspectiOn ~or analysis •n good tanh and accon::llng to the rulrn ot the tradt and of aoence. 

• E-5 
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Laucks 
TestifiU Laboratories, Inc. 
940 South Harney SLSeattle.Washin~ton 98108 (206)767-5060 

Chemistry.~ an:llechnical Services 

CH2M Hi 11 

parts 

Extractables (b~ GC/MS) 1 2 

Bis(2-ethylhexyl)phthalate L/1. L/1. 
N-nitrosodiphenylamine L/1. L/1. 
Di-n-octyl phthalate L/1. L/1. 
Benzo(b)fluoranthene L/1. L/1. 
Benzo(k)fluoranthene L/1. L/1. 
Benzo(a)pyrene L/1. L/1. 
Indeno(1,2,3-cd)pyrene L/1. L/1. 
Dibenzo(ah)anthracene L/1. L/1. 
Benzo(ghi)perylene L/1. L/1. 
*Aniline L/1. L/1. 
*Benzoic Acid L/1. L/1. 
*Benzyl Alcohol L/1. L/1. 
*4-Chloroaniline L/1. L/1. 
*Dibenzofuran L/1. L/1. 
*2-Methylnaphthalene L/1. L/1. 
*2-Methylphenol L/1. L/1. 
*4-Methylphenol L/1. L/1. 
*2-Nitroaniline L/1. L/ 1. 
*3-Nitroaniline L/1. l/1. 
*4-Nitroaniline L/1. L/1. 
*2,4,5-Trichlorophenol L/1. L/1. 

per billion 

3 

L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
L/1. 
l/1. 
L/1. 
L/1. 

I 
~I 

Certificate I 

PAGE NO. 6 

LABORATORY NO. 97207 

( ug/L) 

Method 
4 Blank 

L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. L/1. 
L/1. l/1. 
l/1. l/1. 
L/1. l/1. 
l/1. L/1. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 

~
~ This report iS submtted tor the exctus,... use of the person, pannerst~ip, or CX)fpOI'ation to whom illS .cldressed. Slbsequent use of the name of this company or any 

{((..:.;_.1!_~}~ member of ItS staff 1n coonectiOI'I wrltllhe advertising or sale ol any product a process wiU be "anted only on con•act. TIUS company acceptS no responsibility ax~! 
~~~=- tor the due performance ot inspection encllor analysiS m good faith and ac:cord•ng to the rules of the trade and of saence . 

I 
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Laucks 
Testmu Labomtories, Inc. 
940 South HameySt..Seattle.Washin~ton 98108 (206)767-5060 

Chemistry Mictd:Jicloqy. arx:l Technical Services 

CH2M Hi 11 

Pesticides (by GC/ECD) 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC {lindane) 
heptachlor 
aldrin 
heptachlor epoxide 
dieldrin 
4,4'-DDE 
4,4'-DDD 
endosulfan sulfate 
4,4'-DDT 
chlordane 
alpha endosulfan 
beta endosu 1f an 
endrin 
endrin aldehyde 
toxaphene 
PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 
Methoxychlor 
Endrin Ketone 

1 

L/0. 02 
L/0.02 
L/0.02 
L/0.02 
L/0.02 
L/0. 02 
L/0.02 
LID. 02 
L/0.02 
L/0.04 
LID. 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 

E-7 

Certificate 

7 
PAGE NO. 

97207 
LABORATORY NO. 

parts per billion (ug/L) 

Method 
2 3 4 Blank --

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/0.02 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/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/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/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/0.1 L/0.1 
L/0.04 L/0.04 L/0.04 L/0.04 



Laucks e 
Test~ Laboratories, Inc. Certificate 
940 South Harney St.. Seattle.Washin~ton 98108 (206)767-5060 

Chemistry. MbOOdoqy. am '!echnical Services 

PAGE NO. 8 

CH2M Hi 11 LABORATORY NO. 97207 

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. 

L/ indicates "less than" 
* indicates Additional compounds from the EPA's Hazardous Substances List. 
trace = an unquantifiable number between 1 and 5 ug/L 

JMO: 1 aj 

Respectfully submitted, 

Laucks T~oratories, 

~ens 
Inc. 

-,., Thit repol1 ll subrritted tor the erclusive use ol the person, partnership, or corporation to whom 1'1 il addressed. S~uent use ot the nt~me ot this company or any f ;. member 01 rts stlfl '" connectiOn with 1\e advertrscng or sale ot any Pf(leluc:t ex process will be wanted only on conract. ThiS company accepts no responsibility except 
~ 'j lor the due pertorTMnce of 1nspeet10n ~or analys•s '" good larth and accordng to the rules of the trade and ol soence. 

• E-8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



:·Laucks 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Test~ Laboratories, Inc. Certificate 
940 South Harney St.. Seattle.Washin~ton 98108 (206)767-5060 

PAGE NO. 9 

CH2M Hi 11 LABORATORY 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. 

~arts Qer billioi (ug/L) 

Spike Spike % Control 
Sample No. Surrogate ComQound Level Found Recovery Limit 

MB d4-1,2-Dichloroethane 50.0 45.7 91.4 77-120 
MB dB-Toluene 50.0 51.5 103. B6-119 
MB p-Bromofluorobenzene 50.0 51.5 103. B5-121 

1 d4-1,2-Dichloroethane 50.0 47.9 95.B 77-120 
1 dB-Toluene 50.0 51.5 103. B6-119 
1 p-Bromofluorobenzene 50.0 51.2 102. 85-121 

2 d4-1,2-Dichloroethane 50.0 47.5 95.0 77-120 
2 dB-Toluene 50.0 50.7 101. 86-119 
2 p-Bromofluorobenzene 50.0 50.9 102. 85-121 

3 d4-1,2-Dichloroethane 50.0 47.3 94.6 77-120 
3 dB-Toluene 50.0 50.6 101. 86-119 
3 p-Bromofluorobenzene 50.0 50.6 101. B5-121 

Thss report iS tubrritlltd tor the exdusive use olthe peTSCrl, pal11'1ftrshlp, or corporation to whOm rt is -'dresMd. ~ uae of tnt name ol this company or any 
member ot It$ stet! in connection witl'l fie ad-..ertssing or sale ot any product 17 process will be "amed only on cont"act. Ttus QOI'Tip&ny acceptS no responsbdrty axcep1 
tor the d~ performance of inspectiOn ~ndlor anai)'SIS in~ faith and accolding to the ruin of tl'lf trade and 01' aoence. 

E-9 



·Laucks 
Test~ Laboratories, Inc. Certificate 
940 South Harney St..Seattle.Washinqton 98108 (206)767-5060 

Chemislry ~ arrl Technical Services 

PAGE NO. 10 

CH2M Hi 11 LABORATORY NO. 97207 

parts per billion ( ug/L) 

Spike Spike % Centro 1 
Sample No. Surrogate Compound Level Found Recovery Limit 

4 d4-1,2-Dichloroethane 50.0 47.7 95.4 77-120 
4 dB-Toluene 50.0 50.7 101. 86-119 
4 p-Bromofluorobenzene 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-Bromophenol 200. 140. 69.8 62-96 
Blank d5-Nitrobenzene 100. 85.6 85.6 35-114 
Blank 2-Fluorobiphenyl 100. 78·. 9 78.9 43-116 
Blank d10-Azobenzene 100. 93.0 93.0 ------
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. 92.6 46.3 21-100 
1 d5-Phenol 200. 76.6 38.3 10-94 
1 2-Bromophenol 200. 133. 66.4 62-96 
1 d5-Nitrobenzene 100. 87.0 87.0 35-114 
1 2-Fluorobiphenyl 100. 91.9 91.9 43-116 
1 d10-Azobenzene 100. 101. 101. ------
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. 95.2 47.6 21-100 
2 d5-Phenol 200. 80.8 40.4 10-94 
2 2-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 ------2 2,4,6-Tribromophenol 200. 168. 83.8 10-123 
2 d14-Terphenyl 100. 77.1 77.1 33-141 

• ~·· ,. This repon iS sublfttted tor tf'lfl e~~:clusr.oe use ol the person, partnership, or C»f??O'&Iion to Whom it is .odreued. SlbseQuent use of the name ol thiS compeny or any 
~ -~ · .. ~) member of its staff in connection Wl1h 1he advertiSing or •te ot any prOduct rs procns will be (Tanted only on COIYG'act ThiS company acceptS no nnponSibdlty except 
~:f.-n -~· tor the due pertormance ot 1nspect10n lf'ldlor analys•s m gcocl faith and ac:con:llng to the rules ot the trade and of saence . 

• E-10 
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Chemistry.~ arxl'!echnical Services 

PAGE NO 11 

CH2M Hi 11 LABORATORY NO 97207 

parts per billion (ug/L) 

Spike Spike % Contra 1 
Samp 1 e 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-Bromopheno 1 200. 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 ------3 2,4,6-Tribromophenol 200. 100. 50.2 10-123 
3 d14-Terphenyl 100. 65.7 65.7 33-141 

4 2-Fluorophenol 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-Fluorobiphenyl 100. 92.2 92.2 43-116 
4 d10-Azobenzene 100. 95.3 95.3 ------
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 B5.0 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 43-11B 

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 Dibutylchlorendate 1. 00 0.89 89.4 24-150 
4 Dibutylchlorendate 1. 00 0.68 68.2 24-150 

MB = Method Blank 

• -·,..·-. This report iS subll'lttltd tor the exetUSNe use of the person, partne~hip, or COfl)OI'ation to whom it is lddrnsed. Stbsequent uae of the n~~me of ttus company or any f ~ j ... ,\ member of 1t1 staff in connectiOn wrth fie ad'lflrtiSing or ule of any ptoduct cr.process witl be ljJ"anted only on ~act. ThiS company accepts no ruporllibiht)' e~tcept 
~ ~ -·~ .'1.- tor the due performance of InspectiOn 8'K1/or analysiS '" good larth and ac:cold•n; to the MIS of tn1 tr.O. and of satnc:e. 

• E-ll 
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