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1.0 INTRODUCTION 

This memorandum summarizes field investigation activities completed at the Everett Smelter 
Lowland Area.  The Lowland Area is a part of the Everett Smelter Cleanup Site and is generally 
located in northeast Everett, Washington (Figure 1).  The Lowland Area includes multiple parcels 
and the right-of-ways that are located adjacent to the parcels as shown in Figure 2.   

The purpose of the Lowland Area study is to characterize metals concentrations in soil, 
groundwater, surface water, and sediment within and near the Lowland Area in order to evaluate 
potential environmental impacts from the historical smelter activities.  For this study, 57 soil 
borings were advanced in and adjacent to the Lowland Area between December 4, 2012 and 
January 24, 2013.  Soil sampling and analysis was completed as part of soil boring work and 54 of 
the borings were completed as groundwater monitoring wells.  The groundwater monitoring wells 
were installed in the shallow and deep aquifers (23 “shallow” wells, 30 “deep” wells and one 
“deeper deep” well) identified in the Lowland Area.  The results of the soil sampling activities 
completed as part of soil boring advancement and monitoring well installation and development 
were presented in a separate memorandum titled “Draft Monitoring Well Installation Technical 
Memorandum,” dated February 19, 2013. 

Groundwater sampling, and sampling of surface water and sediment from ponds present in the 
Lowland Area, hydraulic conductivity testing, and a tidal study were performed as part of the 
Lowland Area study between January 1 and March 8 2013.  Water samples were collected and 
analyzed from a total of 87 new and existing monitoring wells and five surface water ponds to 
characterize metals concentrations in groundwater and surface water throughout the Lowland 
Area.  Hydraulic conductivity testing and a tidal study were performed on a subset of the 
groundwater monitoring wells to measure aquifer characteristics.  Sediment from the surface water 
ponds was also collected and analyzed.  The investigation activities were completed in general 
accordance with the Washington State Department of Ecology (Ecology)-approved Final Sampling 
and Analysis Plan (SAP), Quality Assurance Project Plan (QAPP) and Health and Safety Plan (HASP) 
for the project dated August 31, 2012. 

The purpose of this technical memorandum is to describe field activities completed as part of the 
investigation of groundwater, pond surface water and sediment, hydraulic testing, and the tidal 
study performed in the Lowland Area and to summarize the investigation results.  The results of 
this and future field activities will be used to develop a preliminary Feasibility Study so that a 
Cleanup Action Plan can be developed for the Lowland Area that is protective of human health and 
the environment. The results of groundwater and pond surface water and sediment sampling and 
analysis, hydraulic testing and the tidal study are presented in the following sections. 

1.1. Site History and Background 

The Everett Smelter Lowland Area is part of the Everett Smelter Cleanup Site.  The Everett Smelter 
Cleanup Site has been divided into an Upland Area and Lowland Area.  The Benson Property Site is 
a sub-area of the Lowland Area.  Historically, a smelter was located in the Upland Area, west of the 
Lowland Area.  Beginning in the 1890s, the smelter produced lead, copper, gold and silver from 
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ore.  An arsenic extraction plant was added in 1901.  The entire smelter was shut down by 1912 
and dismantled by 1915.   

The historic smelting activities resulted in the release of metals including arsenic and lead to the 
soil, groundwater and air.  The arsenic extraction plant where arsenic trioxide was produced was 
demolished.  However, arsenic trioxide remained on site in the former plant area.  This portion of 
the Everett Smelter Cleanup Site has been referred to as the former arsenic trioxide processing 
area and as the fenced area1.  This area underwent environmental cleanup in approximately 2004 
through 2006 to remove or consolidate soil that had been contaminated by smelter operations 
including the arsenic extraction plant.   

Historically, slag waste from former smelter activities was poured down the bluff located on the 
east side of the Upland portion of the Everett Smelter Site and onto an adjacent property, currently 
known as the Benson Property.  Slag present on the Benson Property was historically used for the 
manufacture of “rock wool”.  Additionally, slag was excavated from the Benson Property and 
transported for use on and off site.  Although slag was historically reused, not all of it was removed.  
Slag still remains on the Benson Property and potentially in other parts of the Lowland Area.  

Air emissions from the former smelter stacks are likely to have deposited particulates containing 
metals onto the historic land surface surrounding the Smelter Site.  The extent of contamination 
from the smelter has been characterized in the Upland portion of the Everett Smelter Cleanup Site 
and is currently under remedial action.  The extent of contamination in the Lowland portion of the 
Site is being investigated to evaluate potential environmental impacts from historical smelter 
activities.  

Multiple soil and groundwater investigations have been performed in the Lowland Area since the 
1990s related to the Everett Smelter contamination.  Groundwater monitoring in the late 1990s 
identified metals-contaminated groundwater east of the former smelter in the Lowland Area.  
Previous investigations at the Lowland Area identified two aquifers, identified as the shallow and 
deep aquifers, which were noted to have similar flow directions toward the river and appear to be 
hydraulically separated by a silt aquitard across much of the area.  In 2011 and 2012, 
GeoEngineers installed 20 monitoring wells (in ten well pairs - “shallow” and “deep” wells 
BP-01S/D through BP-10S/D) along the eastern portion of the Benson Property and collected soil 
and groundwater samples at these locations to evaluate soil and groundwater quality in the two 
aquifers.  Additionally, GeoEngineers collected groundwater samples from three existing wells 
(EV-20B and EV-22A/B).  Soil and groundwater samples were analyzed for arsenic, lead, cadmium, 
mercury, antimony and thallium.  The results indicated that soil and groundwater contain elevated 
metals concentrations (predominantly arsenic and lead) on and adjacent to the Benson Property.  
Of note, the metals concentrations in groundwater identified in the late 1990s were similar to the 
metals concentrations detected in 2012.  The results of the soil and groundwater sampling 
activities performed as part of soil boring advancement and monitoring well installation on the 

                                                            

1 The former arsenic trioxide processing area has sufficiently high contamination that it was purchased by Asarco soon after the Site was 

rediscovered, the homes vacated, and the area fenced off. 
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Benson Property were presented in the memorandum titled “Final Groundwater Monitoring 
Technical Memorandum Lowland Area – Benson Property,” dated May 7, 2012. 

2.0 FIELD INVESTIGATION 

Field investigation activities performed as part of the Lowland Area study between January 1 and 
March 8, 2013 included the following: 

■ Groundwater sampling and analysis; 

■ Surface water and sediment sampling and analysis; 

■ Hydraulic conductivity testing; and a 

■ Tidal study. 

The field investigation activities are summarized in the following sections. 

2.1. Groundwater Sampling 

Field investigation activities included collecting groundwater samples from 87 new and existing 
groundwater monitoring wells located in and adjacent to the Lowland Area.  Forty two (42) of the 
monitoring wells that were sampled are “shallow” wells, installed in the shallow aquifer and 45 of 
the wells are “deep” wells, installed in the deep aquifer (Table 1).  The groundwater monitoring 
wells that were sampled are shown in Figure 2.  The well naming convention (i.e., well name 
prefixes), general investigation name and installation period are summarized in the table below. 

Monitoring 
Well Name 

Number of 
Wells 

Investigation Name and Installation Period 

“BP” wells 21 Benson Property/Lowland Area Investigations – 2011 through 2013 

“EV” wells 7 Lowland Area Remedial Investigations – Mid to late 1990s 

“LLMW” wells 53 Lowland Area Investigation – 2012 and 2013 

“MW” wells 5 Weyerhaeuser West Investigation – Mid 1990s and 20111 

“PZ” wells 3 Weyerhaeuser Mill E Investigation – Mid 1990s 

“UNK” well 1 Unknown 

Total 902  

Notes: 
1 Five MW wells were installed in the mid 1990s; four were abandoned in 2011 and new wells were installed. 
2 Three wells were dry and therefore 87 groundwater samples were collected. 

Groundwater sample collection was completed between January 7 and February 1, 2013.   

Groundwater elevations were measured and recorded prior to sampling each well using an 
electronic water level indicator.  In addition, groundwater elevations were measured at 15 shallow 
aquifer and 18 deep aquifer monitoring wells within a three-hour period on January 21, 2013 to 
provide a “snapshot” of groundwater levels/elevations and gradients in the Lowland Area (Table 1). 
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Groundwater purging and sample collection was completed using low-flow/low-turbidity sampling 
techniques to minimize the suspension of sediment in the groundwater samples.  The wells were 
purged and groundwater samples were obtained from the wells using dedicated polyethylene 
tubing and either peristaltic pumps (77 wells) or submersible well pumps (10 wells).  Submersible 
pumps, were used when groundwater depths were greater than the peristaltic pump lift capacity 
(depths greater than approximately 30 feet).  Groundwater was purged from the wells at a rate of 
up to 0.5 liters per minute.   

A Horiba U-22 water quality measuring system with a flow-through cell was used to monitor water 
quality parameters during purging. Water quality parameters that were measured include pH, 
electrical conductivity, dissolved oxygen, temperature, and oxidation-reduction potential.  Turbidity 
was measured using a LaMotte turbidimeter.  Samples were collected from the wells after the 
measured values for the water quality parameters varied by less than 10 percent on three 
consecutive measurements.  The field measurements were documented on field logs. 

Following completion of well purging, the flow through cell was disconnected and ferrous and total 
iron were measured using Hach color disk field test kits and groundwater samples were collected 
in laboratory-prepared containers.  Samples were logged on the chain-of-custody, placed in a cooler 
with ice, and delivered to Analytical Resources, Inc., in Tukwila, Washington for analysis.  Analysis 
included total and dissolved metals (i.e., antimony, arsenic, cadmium, lead, mercury, and thallium) 
by EPA Methods 200.8 and SW7470A.  The samples that were collected for dissolved metals 
analysis were filtered in the field using disposable 0.45-micron filters.  The laboratory analytical 
reports for metals analyses on groundwater are provided in Appendix A.  Additionally, a data quality 
review was performed on the analytical data resulting from laboratory analysis of water samples. 
The data quality assessment report is provided in Appendix B. 

2.2. Surface Water and Sediment Sampling 

Surface water and sediment samples were collected on February 4 and 5, 2013, at seven 
locations within five ponds that are in the Lowland Area.  The surface water and sediment sampling 
locations are shown on Figure 2.  Sample locations were selected based on several criteria: 

■ Where samples had been previously collected by others, an attempt was made to sample near 
the previous sampling locations. 

■ Where one sample was collected per pond, the sample location was selected to be on the 
presumed upgradient (inlet) side of the pond.  Where two samples were collected, a sample 
near the presumed outlet was also sampled. 

■ Locations needed to be safe and accessible. 

Water samples were collected using disposable polyethylene tubing and a peristaltic pump.  The 
tubing inlet was placed approximately 6 to 8 inches beneath the water surface.  Water was purged 
at approximately 0.5 liters per minute.  

A Horiba U-22 water quality measuring system with a flow-through cell was used to monitor water 
quality parameters during purging that included pH, electrical conductivity, dissolved oxygen, 
temperature, and oxidation-reduction potential.  The water flowing through the cell was discharged 
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on land adjacent to the pond so as not to disturb the water or cause elevated turbidity.  Turbidity 
was measured using a Hach turbidimeter.  Samples were collected after the measured values for 
the water quality parameters varied by less than 10 percent on three consecutive measurements.  
The field measurements were documented on field logs. 

Following completion of purging, the flow-through cell was disconnected and ferrous and total iron 
were measured using Hach color disk field test kits and surface water samples were collected in 
laboratory-prepared containers.  Samples were logged on the chain-of-custody, placed in a cooler 
with ice, and delivered to Analytical Resources, Inc., in Tukwila, Washington for analysis.  Analyses 
included total and dissolved metals (i.e., antimony, arsenic, cadmium, lead, mercury, and thallium) 
by EPA Method 200.8 and SW7470A.  Samples that were collected for dissolved metals analysis 
were filtered in the field using disposable 0.45-micron filters.  The laboratory analytical reports for 
metals analyses on surface water are provided in Appendix A.  Additionally, a data quality review 
was performed on the analytical data resulting from laboratory analysis of water samples.  The 
data quality assessment report is provided in Appendix B. 

Sediment sampling was performed at each location following collection of surface water samples.  
Sediment samples were collected from the sediment directly beneath the location from where 
surface water samples were collected.  Samples were collected of the top 10 cm (i.e., from the 
surface to a depth of 10 cm) of sediment using a decontaminated hand auger.  Sediment 
observations were recorded on field forms.   

The sediment was placed in a stainless steel bowl and thoroughly mixed before distributing the 
sediment to laboratory-prepared containers.  Samples were logged on the chain-of-custody, placed 
in a cooler with ice, and delivered to Analytical Resources, Inc., in Tukwila, Washington for analysis 
of metals (i.e., antimony, arsenic, cadmium, lead, mercury, and thallium) by EPA Methods SW6010, 
200.8, and SW7470A.  The laboratory analytical reports for metals analyses on sediment are 
provided in Appendix C.  Additionally, a data quality review was performed on the analytical data 
resulting from laboratory analysis of sediment samples.  The data quality assessment report is 
provided in Appendix D. 

2.3. Hydraulic Conductivity Testing 

Hydraulic conductivity testing included performing slug tests and drawdown testing on selected 
groundwater monitoring wells in the Lowland Area.  The following sections discuss the field 
activities and data analysis for slug and drawdown tests.  

2.3.1. Slug Testing 

Slug tests were performed on multiple well pairs at the Site between January 29 and 
February 1, 2013 to evaluate the hydraulic conductivity (K) within the shallow and deep aquifers 
(Table 1).  Slug tests were performed on well pairs LLMW-03S/D, LLMW-11S/D, LLMW-12S/D, 
LLMW-16S/D, LLMW-22S/D, LLMW-27D, EV22A/B, BP05S/D and BP05D2, and BP08S/D.  These 
wells were selected for slug testing because they are generally located downgradient of the former 
smelter location between the former smelter and the Snohomish River and are generally evenly 
distributed within the Lowland Area.  
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Prior to conducting the slug test in each well, a decontaminated electronic water-level sensor 
consisting of a pressure transducer and automated datalogger (INW Model PT2X vented transducer 
with a 15-psi range) was installed in the well and depth to groundwater was measured manually 
using a decontaminated electronic water level indicator.  The depth to groundwater was measured 
to document the static groundwater level prior to initiating the slug tests.  Then a falling head slug 
test and rising head slug test were performed.  

The falling head slug test was performed by rapidly lowering a decontaminated slug constructed of 
a sealed and weighted 5-foot-long section of polyvinyl chloride (PVC) pipe of known volume into the 
well causing the water level to rise rapidly above the initial, static water level.  The groundwater 
level was then monitored until it returned (fell) to the approximate initial water level.  A rising head 
slug test was then conducted by rapidly removing the slug from the well causing the water level to 
fall rapidly below the initial level.  The groundwater level was monitored until it returned (rose) to 
the approximate initial water level.  The hydraulic response was measured by pressure transducer 
which was programmed to record the hydraulic pressure at 1-second intervals as well as with 
manual electronic water level indicator measurements before, during, and after each slug test.   

Data from the falling head and/or rising head tests were used to estimate hydraulic conductivity at 
each well using the Bouwer-Rice (1976) method.  The falling head data was not analyzed in wells 
LLMW-11S, LLMW-12S and LLMW-22S because the water level in these wells was below the top of 
the well screen at the time of the test.  The Bouwer-Rice method for calculating the hydraulic 
conductivity requires that the well screen be entirely submerged and therefore, the results of the 
falling head tests could not be used and the results from the rising head test were used to evaluate 
the hydraulic conductivity in these wells.  Note that while it is preferred to have falling and rising 
head data, the rising head data at LLMW-11S, LLMW-12S, LLMW-16S and LLMW-22S was 
sufficient to estimate hydraulic conductivity.  Graphs showing the slug test data used for the 
hydraulic conductivity calculations are shown in Appendix E.   

2.3.2. Drawdown Testing 

Short-duration drawdown testing was performed on wells LLMW-11S/D, LLMW-16D, and 
BP05S/D/D2 on January 29 and February 1, 2013 to provide additional hydraulic conductivity data 
for the shallow and deep aquifers in the Lowland Area (Table 1).  Wells were pumped for 30 
minutes using decontaminated submersible pumps to allow a cone of depression in the 
groundwater aquifer to propagate beyond the radius of influence achieved during slug tests to 
observe the aquifer response over a larger area.  The aquifer response to the removal of water by 
the pumping, as well as the recovery of the groundwater in the aquifer following the end of 
pumping, provided additional hydraulic characterization of the soil around each tested well. 

Prior to conducting the drawdown test in each well, a decontaminated pressure transducer was 
installed in the well and depth to groundwater was measured manually using a decontaminated 
electronic water level indicator to document the initial static groundwater level.  Then the 
groundwater was pumped from the well using a submersible pump and discharged into a 55-gallon 
drum.  The water generated by the drawdown tests was subsequently transferred into a 
6,000-gallon polyethylene holding tank located at the Site. 
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The groundwater level was monitored throughout the pumping and recovery phases of each 
drawdown test until the water level returned to the static pre-test level.  A pressure transducer was 
installed in the Snohomish River near monitoring wells LLMW-08S/D to monitor and record the 
river stage and tidal elevations during each test so that the effects of changes in the tidal elevation 
could be identified and a tidal correction applied to water levels for the analysis of the drawdown 
and recovery phases.   

Drawdown data was initially analyzed using the Cooper-Jacob (1946) analytical method for data 
collected during the pumping phase and using the Theis Recovery Method (1935) for the data 
collected during the recovery phase.  Graphs showing the data used for the calculations are 
provided in Appendix E.  Data collected from wells that were tidally influenced required correction 
to compensate for the groundwater level changes due to tidal influences described below over the 
duration of the test.  

2.4. Tidal Study 

A tidal study was conducted on a subset of the Lowland Area monitoring wells between February 5 
and February 13, 2013 (Table 1).  The tidal study was completed to evaluate the influence of 
changes in the level of surface water due to tidal variations in the Snohomish River on shallow and 
deep groundwater levels.  Monitoring well pairs at varying distances from the Snohomish River 
shoreline were selected for the tidal study to evaluate the lateral and vertical influences of tidal 
action on groundwater.  The tidal study included monitoring of groundwater levels in 12 monitoring 
wells (BP-05S/D, BP-08S/D, LLMW-06S/D, LLMW-11S/D, LLMW-12S/D and LLMW-13S/D) to 
record groundwater level response to tidal fluctuations using pressure transducers that were 
programmed to record the hydraulic pressure in the monitoring wells at 1-minute intervals for the 
duration of the study.  Additionally, a pressure transducer was installed in the Snohomish River 
near monitoring wells LLMW-08S/D to directly monitor and record the surface water level in the 
Snohomish River for comparison to water levels recorded in monitoring wells in the Lowland Area 
(Figure 2).  The water-level sensors were removed from the monitoring wells after completion of the 
data collection and the data was later downloaded for analysis. 

The 72-hour period selected for analysis was between February 5, at 15:00 and February 8 at 
14:59.  This 72-hour period was selected because it captured the largest tidal range (i.e., an 
estimated 12-foot change in elevation) of the surface water in the Snohomish River adjacent to the 
Lowland Area resulting from tidal fluctuations during the period of February 5 to February 13.  The 
tidal range of 12 feet is considered an estimate because the transducer in the river was dry during 
the lowest stages of the tide; although a 9-foot change was observed, extrapolation of the observed 
tidal curves yielded an estimate of 12 feet of total tidal fluctuation during the 72-hour tidal period.  

The data generated as part of the tidal study were analyzed using the Serfes (1987) method to 
identify the mean groundwater elevations and flow direction for the shallow and deep aquifers and 
the Ferris (1951) method to identify the hydraulic diffusivity of the deep aquifer.  Additional 
information, and the results from the tidal study for each well presented on graphs, are provided in 
Appendix F. 
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2.5. Decontamination 

Non-disposable sampling equipment was decontaminated using the procedures specified in the 
QAPP. 

2.6. Disposal of Investigation-Derived Materials 

Groundwater was removed from the monitoring wells during monitoring well purging, sampling, and 
drawdown testing.  Groundwater and decontamination water generated during all investigation 
activities was placed in one 6,000 gallon upright aboveground polyethylene storage tank pending 
analysis for disposal.  The water storage tank was located within a fenced staging area on property 
owned by the Port of Everett and made available for the investigation.  After analysis and waste 
profiling, the water was disposed of at Emerald Services Airport Way Facility in Seattle, Washington 
on May 1, 2013.  Incidental waste (i.e., gloves, disposable polyethylene tubing, paper towels, etc.) 
were disposed of off site as solid waste. 

2.7. Deviations from the SAP 

Field activities were performed in general accordance with the SAP, QAPP and HASP created for 
this project, with the exceptions listed below.  Deviations included the following: 

■ Hydraulic testing was completed on monitoring wells LLMW-16S/D rather than wells 
LLMW-13S/D.  Wells LLMW-16S/D are located approximately 600 feet south-southeast of 
wells LLMW-13S/D and are generally downgradient of the former smelter location.  It is our 
opinion that this deviation does not significantly affect the analysis of aquifer conditions and 
provides representative hydraulic data for shallow and deep groundwater in the south-central 
portion of the Site. 

■ Hydraulic testing was not conducted on well LLMW-27S because it was dry at the time of 
testing.   

■ Total and ferrous iron were omitted from the field form for wells EV-6A/6B.  

■ The SAP indicated that drawdown test data would be analyzed by Bower & Rice. Due to high K 
response, additional methods were used to analyze the data. 

3.0 RESULTS 

3.1. Groundwater Elevations and Gradients 

Groundwater elevations and gradients in the Lowland Area were evaluated using the results from 
snapshot groundwater level measurements and the tidal study. 

Snapshot groundwater level measurements were collected from the top of the well casing at 15 
shallow aquifer and 18 deep aquifer monitoring wells within a three-hour period on 
January 21, 2013 (Table 1).  The depth to water measurements are provided in Table 3.  Survey 
information identifying the elevation of the top of the casing at each of the wells was used to 
estimate the groundwater elevation.  The groundwater elevations were used to provide a snapshot 
of the groundwater gradients in the shallow and deep aquifers as shown in Figures 3 and 4, 
respectively.   
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The groundwater gradient observed in the shallow aquifer in the Lowland Area, based on the 
snapshot groundwater level measurements, was generally to the east-northeast (Figure 3).  It 
should be noted that the water level measurements indicated a groundwater high in the Lowland 
Area, in an area in which recent filling has occurred.  Snapshot groundwater levels/elevations 
measured at monitoring wells LLMW-13S and LLMW-16S were higher than levels/elevations 
observed in adjacent wells (Figure 3).  

The groundwater gradient observed in the deep aquifer in the Lowland Area, based on the 
snapshot groundwater level measurements, was also generally to the east-northeast (Figure 4).  It 
should be noted that groundwater levels/elevations in the deep aquifer were observed to be 
directly affected by tidal fluctuations.  Additional information concerning the response of 
groundwater in the deep aquifer as a result of tidal fluctuations is presented in Section 3.2. 

As part of the tidal study, groundwater levels were recorded at one-minute intervals by pressure 
transducers installed in six shallow and six deep aquifer monitoring wells between February 5 and 
February 8, 2013 (Table 1).  The groundwater level data from the tidal study was used to estimate 
the mean groundwater elevation for each well completed in the shallow and deep aquifers.  Graphs 
showing the results of the tidal study for groundwater in the wells that were monitored are 
presented in Appendix F.  The groundwater elevations from the tidal study were used to identify the 
mean groundwater gradients in the shallow and deep aquifers as shown in Figures 5 and 6, 
respectively. 

The mean groundwater gradients in the shallow and deep aquifers, based on the tidal study, were 
generally to the east-northeast (Figures 5 and 6).  Similar to the results of the snapshot 
groundwater level measurements, the water levels for the shallow aquifer measured as part of the 
tidal study indicated a groundwater high in the Lowland Area in an area of recent filling.  The 
groundwater levels/elevations measured at monitoring well LLMW-13S was higher than 
levels/elevations observed in adjacent wells (Figure 5).   

3.2. Water Quality Parameters 

Water quality parameters including pH, temperature, conductivity, dissolved oxygen, oxidation-
reduction potential, total and ferrous iron, and turbidity were measured at all monitoring wells and 
surface water locations prior to sampling.  Water quality parameter values measured during 
sample collection are presented in Table 2.  The following summarizes the results for the water 
quality parameter measurements in groundwater and surface water samples: 

■ pH ranged from approximately 5 to 7, except at monitoring wells BP-04S, BP-05S, EV-6B, 
LLMW-24D and “UNK,” where the pH in ranged from approximately 7 to 8.   

■ Conductivity in the majority of samples ranged from 0.000147 to 0.2 Siemens per meter (S/m) 
with relatively higher conductivity in the range of 0.2 to 0.72 S/m measured in groundwater 
from 10 wells located throughout the Lowland Area.   

■ Turbidity ranged from 0 to 95 Nephelometric Turbidity Units (NTU) with approximately 
80 percent of the samples having turbidities less than 20 NTU.   

■ Dissolved oxygen concentrations ranged from 0 to 2 mg/L in the majority of groundwater 
monitoring wells. Dissolved oxygen was relatively high (approximately 3 to 9 mg/L) in 
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groundwater from LLMW-25D, LLMW-27D, LLMW-29D, EV-19B and EV-20B.  Dissolved oxygen 
concentrations ranged from approximately 3 to 14 mg/L in the surface water samples.   

■ Temperature ranged from approximately 6 to 16 degrees Celsius.  

■ Oxidation-reduction potential measurements indicate groundwater is generally reducing or 
slightly oxidizing in the majority of wells (i.e., approximately -350 to 50 mV).  Oxidation-
reduction potential measurements of the surface water ranged from 46 to 164 mV.   

■ Total iron was measured at concentrations ranging from 0 to 7 mg/L and ferrous (reduced) 
iron was measured at concentrations ranging from 0 to 4 mg/L in the groundwater monitoring 
well samples.  Total iron was measured at concentrations ranging between 0 and 1 mg/L in 
surface water samples; no ferrous iron was present in surface water samples.   

3.3. Chemical Analytical Results for Groundwater and Surface Water 

Ninety-one groundwater samples and seven surface water samples were submitted for total and 
dissolved metals analyses (i.e., antimony, arsenic, cadmium, lead, mercury and thallium).  The 
results for groundwater and surface water sample analyses are presented in Table 4.  Table 5 
presents the results for total and dissolved metals analyses for deep aquifer groundwater.  The 
results for dissolved arsenic concentrations in shallow groundwater and surface water are shown 
on Figure 7 and the results for dissolved arsenic concentrations in deep groundwater are shown on 
Figure 8. The laboratory analytical reports for metals analyses on water are provided in Appendix A. 

A data quality review was performed on the analytical data resulting from laboratory analysis of 
groundwater and surface water samples.  The data quality review was performed in general 
conformance with an EPA “Stage-2B” validation.  The data were deemed acceptable for use as 
qualified.  The data quality assessment report is provided in Appendix B.   

The following summarizes the results for the metals analyses on groundwater and surface water 
samples: 

■ Antimony was detected in approximately one-half of the groundwater and surface water 
samples collected from the Lowland Area.  Where detected, antimony concentrations ranged 
from near the detection limit of 0.2 micrograms per liter (µg/L) to 15.6 µg/L.  The highest 
antimony concentrations were detected in groundwater from monitoring well EV-6A.  Dissolved 
antimony results were typically equal to or slightly less than the total antimony results 
indicating that antimony is largely present in the dissolved phase. 

■ Arsenic was detected in all wells and surface water samples at concentrations ranging from 
0.3 µg/L to 16,400 µg/L.  The highest arsenic concentrations were detected in groundwater 
from BP-05D.  Dissolved arsenic concentrations were typically equal to or slightly less than the 
total concentrations indicating that arsenic is largely present in the dissolved phase.   

■ The highest arsenic concentrations in shallow groundwater and surface water were generally 
detected on the Benson Property (Figure 7). Arsenic concentrations in shallow groundwater 
were also higher in monitoring wells LLMW-08S, LLMW09S, LLMW-16S, PZ-1B and UNK in 
relationship to adjacent monitoring locations. 

■ An area of higher arsenic concentrations was detected in deep groundwater present in 
monitoring wells LLMW-27D, EV-19B, EV-20B, BP-04D through BP-07D, LLMW-12D, and 



GROUNDWATER, SURFACE WATER AND SEDIMENT TECHNICAL MEMORANDUM   Everett Smelter Lowland - Everett, Washington 

  July 16, 2013 |  Page 11 
 File No. 0504-068-00 

LLMW-13D (Figure 8).  Arsenic concentrations in deep groundwater were also higher in 
monitoring wells LLMW-01D, LLMW-17D, and BP-09D relative to adjacent monitoring locations. 

■ Arsenic concentrations are typically one to two orders of magnitude different between shallow 
and deep groundwater at the majority of well pair locations, suggesting that the silt aquitard 
separates the shallow and deep aquifers at these locations.   

■ Cadmium was detected in approximately one-half of the groundwater samples and in only one 
surface water sample.  Where detected, total cadmium was frequently detected but dissolved 
cadmium was not detected indicating that the cadmium may be sorbed to solids that are 
filtered out by the 0.45 micrometer field filter.  Cadmium concentrations ranged from 
non-detect to 27.4 µg/L.  The highest cadmium concentrations were detected in groundwater 
from EV-6A. 

■ Total lead was detected in almost all wells and surface water samples with concentrations 
ranging from 0.1 µg/L to 291 µg/L. The highest lead concentrations were detected in 
groundwater from EV-6A.  Dissolved lead was not detected in the majority of wells indicating 
lead may be sorbed to solids that are filtered out by the 0.45 micrometer field filter.  While 
median lead values in the shallow and deep aquifers were approximately equal (approximately 
0.6 µg/L), lead concentrations in selected wells in the shallow aquifer were relatively elevated 
compared to the deep aquifer. 

■ Mercury was detected relatively infrequently in groundwater (i.e., 11 samples) and surface 
water samples (three samples).  Where detected, mercury concentrations ranged from near 
the reporting limit of 0.02 µg/L to approximately 0.06 µg/L. The highest mercury 
concentrations were detected in groundwater from the monitoring well designated UNK 
(i.e., unknown well designation). 

■ Thallium was only detected in one well sample, EV-6A at total and dissolved thallium 
concentrations of 0.3 µg/L.  

3.4. Chemical Analytical Results For Sediment 

Seven sediment samples were submitted for metals analysis (i.e., antimony, arsenic, cadmium, 
lead, mercury and thallium).  The results for sediment sample analyses are presented in Table 6.   

Neither antimony nor thallium were detected in the sediment samples.  Arsenic, cadmium, and 
lead were detected in all of the sediment samples and mercury was detected in five sediment 
samples.  

Arsenic was detected at concentrations ranging from 11.5 mg/kg to 219 mg/kg.  The highest 
arsenic concentrations were detected in sediment samples collected from the pond located on the 
Benson property (i.e., LLSD-04 and LLSD-05).  Cadmium was detected at concentrations ranging 
from 0.5 to 2.7 mg/kg and lead was detected at concentrations ranging from 10 to 532 mg/kg. 
The highest concentrations of cadmium, lead, and mercury were also detected in sediment 
collected from the pond located on the Benson property LLSD-05. 
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3.5 Hydraulic Conditions in the Shallow and Deep Aquifers 

The hydraulic conditions in the shallow and deep aquifers were evaluated using slug tests 
performed on 18 well pairs, short-duration drawdown testing performed on three well pairs, and a 
tidal study utilizing data collected from six well pairs located in the Lowland Area (Table 1). The 
hydraulic conditions identified in the Lowland Area based on the slug and drawdown tests and tidal 
study include the following: 

■ Hydraulic conductivity values (K) estimated from slug and drawdown test data for the shallow 
aquifer ranged from approximately 2 ft/day to 250 ft/day and averaged 61 ft/day; the 
hydraulic conductivity values for the deep aquifer ranged from approximately 2 ft/day to 
173 ft/day and averaged 49 ft/day.  The hydraulic conductivity values for the monitoring wells 
tested in the shallow and deep aquifers are presented in Table 7.  The hydraulic conductivity 
values that were observed for the shallow and deep aquifers based on the slug and drawdown 
tests are consistent with conductivity values for unconsolidated sand deposits.  

■ Hydraulic conductivity values were also estimated from the tidal study data for the deep 
aquifer using aquifer diffusivity values estimated from both time lag and tidal stage 
ratio.  Based on the observed tidal responses in the deep aquifer, hydraulic conductivity values 
were between 21 and 26 ft/day, which are slightly lower than the average values estimated 
from slug and drawdown test data for the deep aquifer. 

■ Estimated horizontal groundwater velocities were calculated at selected wells completed in the 
shallow and deep aquifers using hydraulic conductivity values derived from slug and drawdown 
testing data, effective porosity values from available literature, and the average groundwater 
gradient at each well.  The effective porosity values used are from available literature and are 
based on soil types observed when the wells were installed.  The average groundwater gradient 
that was used for each well was calculated using the groundwater elevations in adjacent 
upgradient and/or downgradient test wells.  The estimated groundwater velocities for the four 
wells that were evaluated (i.e., LLMW-11S/D and LLMW-12S/D) ranged from 0.04 to 
6.30 ft/day.  The estimated horizontal groundwater velocities are presented in Table 8.  The 
horizontal groundwater velocities are estimated as they are based on effective porosity values 
for a soil type. 

■ The results of the tidal study indicate that wells completed in the deep aquifer show a direct 
hydraulic response to tidal fluctuations in the Snohomish River.  The graphs presenting the 
data from the tidal study for wells completed in the deep aquifer that show the hydraulic 
response of groundwater from tidal fluctuation in the Snohomish River are provided in 
Appendix F. 

■ The results of the tidal study indicate that there is no appreciable effect on wells completed in 
the shallow aquifer in response to tidal fluctuations in the Snohomish River during the time the 
study was performed (see graphs in Appendix F).  Therefore, groundwater in the shallow 
aquifer, based on the tidal study, appeared to be hydraulically distinct from surface water in 
the Snohomish River as well as groundwater in the deep aquifer during the time the study was 
performed. 
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■ A tidal effect was observed in groundwater within the deep aquifer at a distance of 
approximately 1,700 feet from the shoreline of the Snohomish River in monitoring well BP-08D 
indicating that the deep aquifer behaves as a confined system. 

■ A reversal of the deep groundwater gradient direction (i.e., when deep groundwater briefly 
reversed flow direction inland away from the Snohomish River) was observed at the high tides 
during the tidal study.  The tidally-influenced reversal of the groundwater gradient was 
observed to a distance of approximately 1,000 feet from the shoreline of the Snohomish River 
at monitoring well LLMW-12D during the highest tide of the study.   

■ As previously discussed in Section 3.1, the results of the tidal study indicate that the mean 
groundwater flow direction for groundwater in the shallow and deep aquifers is to the east-
northeast toward the Snohomish River (Figures 5 and 6).   

Based on the observed hydraulic responses to tidal fluctuations and the results of hydraulic testing 
in both the shallow and deep aquifers, the two aquifers appear to be hydraulically distinct, with the 
deep aquifer in hydraulic continuity with surface water in the Snohomish River. 

4.0 LIMITATIONS 

We have prepared this report for the exclusive use of Washington State Department of Ecology and 
their authorized agents.  

Within the limitations of scope, schedule and budget, our services have been executed in 
accordance with generally accepted practices in the field of environmental investigation in this 
area at the time this report was prepared.  No warranty or other conditions express or implied 
should be understood.  

Please refer to Appendix G titled “Report Limitations and Guidelines for Use” for additional 
information pertaining to use of this report. 
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Slug Testing Drawdown Testing

BP-01S Shallow X -- -- -- --

BP-01D Deep X -- -- -- --

BP-02S Shallow X -- -- -- --

BP-02D Deep X -- -- -- --

BP-03S Shallow X -- -- -- --

BP-03D Deep X -- -- -- --

BP-04S Shallow X -- -- -- --

BP-04D Deep X -- -- -- --

BP-05S Shallow X X X X

BP-05D Deep X -- X X X

BP-05D2 Deep X -- X X --

BP-06S Shallow X -- -- -- --

BP-06D Deep X -- -- -- --

BP-07S Shallow X -- -- -- --

BP-07D Deep X -- -- -- --

BP-08S Shallow X X X -- X

BP-08D Deep X -- X -- X

BP-09S Shallow X -- -- -- --

BP-09D Deep X -- -- -- --

BP-10S Shallow X -- -- -- --

BP-10D Deep X -- -- -- --

EV-6A Shallow X -- -- -- --

EV-6B Deep X -- -- -- --
EV-132 Shallow -- -- -- -- --

EV-19B Deep X -- -- -- --

EV-20B Deep X -- -- -- --

EV-22A Deep X X X -- --

EV-22B Deep X X X -- --

LLMW-01D Deep X X -- -- --

LLMW-02D Deep X X -- -- --

LLMW-03S Shallow X X X -- --

LLMW-03D Deep X X X -- --

LLMW-04S Shallow X X -- -- --

LLMW-04D Deep X X -- -- --

LLMW-05S Shallow X -- -- --

LLMW-05D Deep X X -- -- --

LLMW-06S Shallow X X -- -- X

LLMW-06D Deep X X -- -- X

LLMW-07S Shallow X -- -- -- --

LLMW-07D Deep X -- -- -- --

LLMW-08S Shallow X X -- -- --

LLMW-08D Deep X X -- -- --

LLMW-09S Shallow X -- -- -- --

LLMW-09D Deep X -- -- -- --

LLMW-10S Shallow X X -- -- --

LLMW-10D Deep X X -- -- --

LLMW-11S Shallow X -- X X X

LLMW-11D Deep X -- X X X

LLMW-12S Shallow X -- X -- X

LLMW-12D Deep X -- X -- X

LLMW-13S Shallow X X -- -- X

LLMW-13D Deep X X -- -- X

LLMW-14S Shallow X -- -- -- --

LLMW14D Deep X -- -- -- --

LLMW-15S Shallow X X -- -- --

LLMW-15D Deep X X -- -- --

LLMW-16S Shallow X X X -- --

LLMW-16D Deep X X X X --

LLMW-17S Shallow X X -- -- --

LLMW-17D Deep X X -- -- --

LLMW-18S Shallow X -- -- -- --

LLMW-18D Deep X -- -- -- --

LLMW-19D Deep X -- -- -- --

LLMW-20D Deep X -- -- -- --

LLMW-21S Shallow X X -- -- --

LLMW-21D Deep X X -- -- --

LLMW-22S Shallow X X X -- --

LLMW-22D Deep X X X -- --

LLMW-23S Shallow X -- -- -- --

LLMW-23D Deep X -- -- -- --

LLMW-24D Deep X -- -- -- --

LLMW-25D Deep X -- -- -- --
LLMW-27S2 Shallow -- -- -- -- --

LLMW-27D Deep X X X -- --

Monitoring Wells

Location 
Designation

Table 1
Summary of Lowland Groundwater Investigation Activities

Everett Smelter - Lowland Area
Everett, Washington

Hydraulic Conductivity Testing

Groundwater Aquifer
Groundwater 

Sampling

Depth to 
Groundwater 

"Snapshot" 1 Tidal Study
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Slug Testing Drawdown Testing

Monitoring Wells

Location 
Designation

Hydraulic Conductivity Testing

Groundwater Aquifer
Groundwater 

Sampling

Depth to 
Groundwater 

"Snapshot" 1 Tidal Study

LLMW-29S2 Shallow -- -- -- -- --

LLMW-29D Deep X X -- -- --

LLMW-31D Deep X -- -- -- --

LLMW-33S Shallow X -- -- -- --

LLMW-33D Deep X -- -- -- --

LLMW-34S Shallow X -- -- -- --

LLMW-34D Deep X -- -- -- --

MW1202R Shallow X -- -- -- --

MW1203R Shallow X X -- -- --

MW1301R Shallow X -- -- -- --

MW1501R Shallow X -- -- -- --

MW1701 Shallow X -- -- -- --

PZ-1B Shallow X -- -- -- --

PZ-2B Shallow X -- -- -- --

PZ-3B Shallow X -- -- -- --

UNK Shallow X -- -- -- --

Notes:
1  Depth-to-water was measured within a three-hour window on January 21, 2013.
2 The monitoring well was dry and therefore could not be sampled.

 -- The investigation activity was not performed at the identified location.
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Location 
Designation pH

Temperature
 (C)

Conductivity 
(mS/m)

Dissolved 
Oxygen
(mg/L)

Oxidization 
Reduction 
Potential 

(mV)
Total Iron
 (mg/L)

Ferrous Iron 
(mg/L) Turbidity (NTU)

Depth to 

Water1

(feet)

BP-01S 5.98 7.46 102 0.49 -111 5 1.2 11 4.2

BP-01D 6.1 10.17 56.5 0.8 -70 0 0 16.8 6.79

BP-02S 6.7 8.32 52.3 0.39 -151 5.5 0.5 25 4.3

BP-02D 6.14 10.62 45.6 0.52 -14 0 0 19 11.68

BP-03S 6.76 7.95 40.4 0.61 -143 5.5 2 3.4 3.3

BP-03D 6.32 9.8 49.8 0.87 -104 0.5 0 6.5 10.44

BP-04S 7.1 5.99 32.1 1.17 -56 0 0 15 3.64

BP-04D 6.3 16.65 59.9 0.82 -59 0.5 0.1 49 10.7

BP-05D 6 11.35 39.5 1.98 53 0 0 18 10.18

BP-05S 7.5 7.99 31 0.53 -171 0.5 0 6 3.61

BP-05D2 6.92 10.5 30.1 0.94 -46 0 0 13 6.8

BP-06S 6.41 7.4 51 0.8 -140 7 1 5.1 3.53

BP-06D 6.23 10.7 47 0.6 -54 1 0.5 6.3 10.93

BP-07S 6.76 9.2 134 0.7 -258 3 2 8.7 3.22

BP-07D 6.43 11 49 0.7 -156 0.5 0.5 5.5 10.55

BP-08S 6.41 6.8 166 0.7 -147 7 2 6.3 3.2

BP-08D 6.46 10 171 0.6 -68 1.5 0.5 8.6 10.97

BP-09S 6.3 8.43 80.1 0.64 -135 5.5 1 69 3.13

BP-09D 6.18 9.84 87.7 0.66 -101 6.25 1 19 10.84

BP-10S 6.26 6.6 72 0.5 -133 7 2 7.6 2.61

BP-10D 6.23 10.3 122 0.4 -95 7 4 12.9 9.19

EV-6A 5.99 10 34.4 1.99 170 0 0 1.2 46.29

EV-6B 7.76 10.92 61 0.48 -345 NR NR 33 50.95

EV-132 -- -- -- -- -- -- -- -- --

EV-19B 6.12 12.5 53 6.5 63 0.5 0 5 47.3

EV-20B 6.22 12.2 29 9.6 52 4 0 5.3 50.01

EV-22A 6.3 9.85 0.147 0.54 0.104 5 2.5 4.4 13.07

EV-22B 6.57 9.16 411 0.63 -119 4.7 1.5 10.5 19.61

LLMW-01D 5.72 12.13 59.8 0.87 -101 4.5 2.4 95 6.72

LLMW-02D 5.5 12.5 118 0.6 -94 5.1 1.75 14.8 7.16

LLMW-03S 5.1 9.61 26500 0.71 -40 5.1 1.5 24 5.34

LLMW-03D 5.34 11.96 55.8 0.72 -57 0.6 0.6 15 7.96

LLMW-04S 6.37 9.65 162 0.59 -136 5.6 2 25 7.42

LLMW-04D 6.82 11 229 0.58 -174 0.5 0 19 12.65

LLMW-05S 5.1 10.99 99 1.21 -34 6.8 1.3 3.1 4.78

LLMW-05D 5.59 11.92 129 0.49 -72 5.8 1.7 9.1 6.03

LLMW-06S 6.07 7.8 70 0.6 -76 7 2 7.2 3.23

LLMW-06D 6.71 11.5 640 1.5 -77 1.5 0.5 12.3 4.68

LLMW-07S 6.06 8.5 187 1.73 -3 0.5 0.2 0.95 8.75

LLMW-07D 5.94 10.1 133 1.35 -88 5 2.6 45 4.05

LLMW-08S 6.3 10.11 370 0.8 -111 5.8 1.4 35 6.02

LLMW-08D 6.56 11.6 520 0.82 -147 6 2 6 7.7

LLMW-09S 6.18 7.7 36 0.3 -64 7 1 8.3 3.48

LLMW-09D 6.5 14.18 55 0.5 -52 1.5 1 10.8 5.14

LLMW-10S 6.44 8.2 69 0.8 -54 5 1 4.3 7.25

LLMW-10D 6.58 11.4 41 0.6 -101 6 1 8.9 8.94

LLMW-11S 5.67 9.3 58 1.1 59 0.5 0.5 8.7 11.41

LLMW-11D 5.97 10.6 65 7 -27 4.5 1 8.3 11.15

LLMW-12S 6.29 8.5 35 0.6 -13 6.5 3 10.3 6.6

LLMW-12D 6.51 11.6 44 1 -89 1.5 0.5 5.6 9.82

LLMW-13S 6.2 10.5 120 0.5 -134 7 4 7.2 11.86

LLMW-13D 6.43 11.1 80 0.4 -94 3 2.5 25.6 13.63

LLMW-14S 6.44 6.3 4 0.8 42 0.5 0 7.7 5.32

LLMW14D 6.57 11.3 53 1.3 -262 0.5 0.5 5.4 7.71

LLMW-15S 6.54 9.4 52 0.8 -243 7 1.5 1.4 6.46

LLMW-15D 6.49 11.2 85 1.1 -333 0 0 6.1 8.32

LLMW-16S 6.57 10.14 109 0.65 -149 4.5 2.4 16 10.1

LLMW-16D 6.48 11.63 127 0.53 -84 1.3 0 79 13.73

LLMW-17S 6.65 8.8 41 1.7 -32 0 0 5.4 11.36

LLMW-17D 6.72 10.3 40 0.7 -187 2.5 1.5 33.2 11.1

LLMW-18S 6.26 8.3 43 1.1 -89 4 1.5 8.2 6.78

LLMW-18D 6.48 10.7 123 0.6 -347 0.5 0 23.4 8.06

LLMW-19D 5.85 11.35 61.8 0.76 -107 1.4 1 30 7.03

LLMW-20D 5.5 7.03 381 0.84 1.09 0.2 0.2 0 8.23

LLMW-21S 6.37 9.6 34 1 -5 0.5 0.5 8.3 6.62

LLMW-21D 6.57 11.8 79 0.8 -320 0.2 0.2 12.2 8.12

LLMW-22S 6.17 9 720 1.4 -64 4 2.6 4.6 4.26

LLMW-22D 6.31 12 138 1 -48 0.6 0.6 4.7 5.89

LLMW-23S 5.26 13.57 78800 0.95 -92 5.2 1.5 11 10.21

LLMW-23D 5.71 12.81 0.204 0.47 -110 1.8 1.5 33 18.16

LLMW-24D 6.15 10.49 31.4 0.69 65 0.05 0 71 44.28

LLMW-25D 5.77 11 32.5 3.49 88 0 0 43 51.72

LLMW-27S2 -- -- -- -- -- -- -- -- --

LLMW-27D 6.36 12.3 41 3.4 61 0.5 0 9.5 47.51

Table 2
Water Quality Parameters for Groundwater and Surface Water - January 2013

Everett Smelter - Lowland Area

Monitoring Wells

Everett, Washington
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Location 
Designation pH

Temperature
 (C)

Conductivity 
(mS/m)

Dissolved 
Oxygen
(mg/L)

Oxidization 
Reduction 
Potential 

(mV)
Total Iron
 (mg/L)

Ferrous Iron 
(mg/L) Turbidity (NTU)

Depth to 

Water1

(feet)

Monitoring Wells

LLMW-29S2 -- -- -- -- -- -- -- -- --

LLMW-29D 6.38 9.55 32.9 2.85 29 0 0 59 41.36

LLMW-31D 6.59 12.8 50 1.9 39 0.5 0 2 44

LLMW-33S 5.58 9.81 30.7 7 171 0.7 0 OR 8.38

LLMW-33D 5.94 10.9 29.1 2.04 151 1 0 3.2 26.32

LLMW-34S 5.43 11.03 34.3 1.1 155 0 0 8.4 6.72

LLMW-34D 8.04 10.23 33 0.7 -125 0 0 11 31.25

MW1202R 6.3 9.53 217 0.91 -48 0.7 0.6 2.5 5.91

MW1203R 5.79 9.96 122 0.78 -11 2 0.6 2.4 8.62

MW1301R 6.06 8.56 79 0.41 -14 0.5 0 2 5.48

MW1501R 6.24 7.29 344 1.79 10 1.5 0.5 5 3.24

MW1701 6.41 9.48 68.7 0.4 -124 7 1.5 7 2.22

PZ-1B 6.09 8.2 76 0.5 -95 7 2.5 7.3 2.13

PZ-2B 6.28 5.9 33 0.5 44 0.5 0 5.2 2.63

PZ-3B 6.26 6.4 273 0.6 96 0 0 3.2 3.63

UNK 8.05 9.6 74 1.6 -250 2.5 0 10.3 8.86

LLSW-01 6.55 6.98 19.9 11.01 164 0 0 5.65 NA

LLSW-02 6.12 8.7 35.5 6.75 142 1 0 4.17 NA

LLSW-03 5.59 7.44 10.4 8.13 162 0 0 2.49 NA

LLSW-04 6.32 8.02 33.4 3.6 131 1 0 30.1 NA

LLSW-05 6.62 8.96 28.1 9.48 126 0.5 0 7.27 NA

LLSW-06 6.1 7.18 38.9 3.50 46 1 0 12.4 NA

LLSW-07 6.29 7.45 26.4 14.24 128 0 0 27.1 NA

Notes:
1  Depth to water measured in feet below top of casing at time of sampling.  
2 The monitoring well was dry and therefore could not be sampled.

OR = Over-reading

NR = Not recorded

S/m - Siemens per meter

NTU = Nephelometric turbidity units

mg/L = milligrams per liter

mV = Millivolts

 -- The investigation activity was not performed at the identified location.

Surface Water

File No. 0504-068-00
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Location 
Designation Time Northing (Y) 1 Easting (X) 1 TOC Elevation 2

DTW TOC 
(ft)

GW Elevation 2 

(ft)

EV-22A 13:26 372106.2793 1308333.578 28.59 13.43 15.16

BP-05S 13:53 371481.4942 1308791.423 18.56 3.75 14.81

BP-08S 13:46 371143.3462 1308839.017 18.73 3.31 15.42

LLMW-03S 13:03 372968.3797 1308356.38 17.45 5.67 11.78

LLMW-04S 13:19 372644.1374 1308250.391 21.91 7.75 14.16

LLMW-06S 13:49 372477.6634 1309132.426 12.49 3.86 8.63

LLMW-08S 14:05 372213.2542 1309788.249 16.21 9.57 6.64

LLMW-10S 13:43 371722.2934 1309357.791 15.91 7.64 8.27

LLMW-13S 14:17 371682.6131 1309796.93 21.49 11.86 9.63

LLMW-15S 13:36 371051.1506 1309535.419 15.94 7.28 8.66

LLMW-16S 14:35 371159.2967 1310164.452 20.02 10.82 9.20

LLMW-17S 12:52 371320.3207 1310602.283 18.27 11.85 6.42

LLMW-21S 13:28 370010.9467 1309885.453 16.04 7.39 8.65

LLMW-22S 13:15 369173.009 1310445.634 12.87 4.63 8.24

MW-1203R 12:40 373910.15 1307960.38 15.7 8.51 7.19

Location 
Designation Time Northing (Y) 1 Easting (X) 1 TOC Elevation 2

DTW TOC 
(ft)

GW Elevation 2 

(ft)

EV-22B 13:27 372111.4369 1308337.155 29.02 19.99 9.03

BP-05D 13:54 371477.267 1308791.557 18.65 10.23 8.42

BP-08D 13:47 371139.579 1308839.538 18.59 10.71 7.88

LLMW-01D 12:40 373911.1708 1307952.929 15.74 8.03 7.71

LLMW-02D 12:52 372887.009 1307921.39 15.15 7.18 7.97

LLMW-03D 13:04 372965.5718 1308351.511 17.45 9.42 8.03

LLMW-04D 13:20 372642.8382 1308246.252 21.98 13.88 8.10

LLMW-06D 13:52 372472.7325 1309133.872 12.29 4.92 7.37

LLMW-08D 14:07 372209.3701 1309788.569 16.26 9.02 7.24

LLMW-10D 13:44 371725.4255 1309359.407 15.97 8.34 7.63

LLMW-13D 14:15 371682.4624 1309793.149 21.24 13.94 7.30

LLMW-15D 13:35 371053.2175 1309536.612 16.07 8.68 7.39

LLMW-16D 14:34 371158.166 1310160.437 20.14 13.15 6.99

LLMW-17D 13:00 371317.6575 1310603.072 18.29 11.01 7.28

LLMW-21D 13:26 370011.1759 1309881.28 16.03 8.87 7.16

LLMW-22D 13:18 369167.8357 1310446.091 12.80 5.47 7.33

LLMW-27D 14:08 371259.2652 1308465.435 61.71 47.48 14.23

LLMW-29D 14:13 370982.4647 1308556.215 55.62 41.31 14.31

Notes:
1 Northing (Y) and Easting (X) are in Washington State Plane North Coordinate System, 83/91 grid values
2 Vertical datum is NAVD88, US survey feet

TOC = Top of PVC well casing

DTW = Depth to water below top of casing as measured from the north rim of the casing

GW = Groundwater

Shallow Aquifer Monitoring Wells

Deep Aquifer Monitoring Wells

Table 3
Groundwater Level Measurements on January 21, 2013

Everett Smelter - Lowland Area
Everett, Washington

File No. 0504-068-00
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Analyte

Unit

Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total

Sample ID

BP01S-130114-W 0.2 U 0.7 83.8 J 88.4 J 0.1 U 0.2 0.1 U 11.9 J 0.0200 U 0.0200 U 0.2 U 0.2 U

DUP02-130114-W 0.2 U 0.7 84.8 J 90.9 J 0.1 U 0.2 0.1 U 12.1 J 0.0200 U 0.0200 U 0.2 U 0.2 U

BP02S BP02S-130114-W 0.2 U 0.4 94.5 132 0.1 U 0.1 0.1 U 10.1 0.0200 U 0.0200 U 0.2 U 0.2 U

BP03S BP03S-130114-W 0.4 0.2 U 36.8 34.4 0.2 0.1 U 9.6 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

BP04S BP04S-130115-W 3.3 3.8 24.3 30.5 0.2 0.6 2.2 35.5 0.0200 U 0.0200 U 0.2 U 0.2 U

BP05S BP05S-130115-W 1.1 1.3 26.2 29.9 0.1 U 7.9 0.3 1.4 0.0200 U 0.0200 U 0.2 U 0.2 U

BP06S BP06S-130114-W 0.2 U 0.2 U 52.3 59 0.1 U 0.3 0.1 U 1.1 0.0200 U 0.0200 U 0.2 U 0.2 U

BP07S BP07S-130114-W 0.2 0.3 277 274 0.1 U 0.1 U 0.1 U 0.8 0.0200 U 0.0200 U 0.2 U 0.2 U

BP08S BP08S-130114-W 0.2 U 0.2 U 57.5 71.7 0.1 U 0.1 U 0.1 U 0.1 0.0200 U 0.0200 U 0.2 U 0.2 U

BP09S BP09S-130114-W 0.5 1.1 164 279 0.1 U 5.6 0.1 U 0.9 0.0200 U 0.0394 0.2 U 0.2 U

BP10S BP10S-130114-W 0.4 0.4 94.8 115 0.1 U 0.2 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

EV6A EV6A-130117-W 14.9 15.6 28.4 136 27.1 27.4 67.8 291 0.0200 U 0.0404 0.3 0.3 

EV22A EV22A-130116-W 0.6 0.6 11.8 11.9 0.1 U 0.1 5.2 6.5 0.0200 U 0.0366 0.2 U 0.2 U

LLMWO3S LLMW03S-130107-W 0.2 U 0.2 U 1.8 2.4 0.1 U 0.2 0.1 U 1.5 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO4S LLMW04S-130110-W 0.2 0.5 U 8.3 9.1 0.1 U 0.2 U 0.1 U 1.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO5S LLMW05S-130109-W 0.2 0.2 8.4 8 0.1 U 0.1 U 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO6S LLMW06S-130109-W 0.3 0.4 12.4 13.7 0.1 U 0.2 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO7S LLMW07S-130109-W 1.3 1.5 15.6 17.2 0.1 0.6 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO8S LLMW08S-130108-W 0.9 1.2 192 206 0.3 0.4 30.5 43.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWO9S LLMW09S-130116-W 0.3 0.3 59 61.5 0.1 U 2.2 0.1 U 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW10S LLMW10S-130116-W 0.5 0.5 4.4 4.5 0.1 U 0.3 0.1 0.7 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW11S LLMW11S-130109-W 0.2 0.2 1.1 1.1 0.1 U 0.2 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW12S LLMW12S-130116-W 0.2 U 0.2 U 16.6 20 0.1 U 5.5 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW13S LLMW13S-130116-W 0.2 U 0.2 U 25.5 27.1 0.1 U 0.1 U 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW14S LLMW14S-130111-W 1.3 1.2 2.7 2.8 0.1 0.3 2.3 2.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW15S LLMW15S-130111-W 0.2 U 0.5 U 4.6 4.5 0.1 U 0.2 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW16S LLMW16S-130111-W 0.2 U 0.2 U 1,700 1,700 0.1 U 0.1 0.1 U 0.8 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW17S LLMW17S-130109-W 1.9 1.8 2.6 2.8 0.1 U 0.2 U 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW18S LLMW18S-130108-W 0.4 0.4 4.9 4.7 0.2 0.2 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW21S LLMW21S-030108-W 0.4 0.4 28.9 31.1 0.1 U 0.1 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW22S LLMW22S-130108-W 2 U 5 U 6 8 1 U 3 1 U 3 0.0200 U 0.0351 2 U 5 U

LLMW23S LLMW23S-130108-W 0.2 U 0.2 U 15 15.4 0.1 U 0.1 U 0.7 1.8 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW33S LLMW33S-130117-W 0.4 0.4 0.3 3.1 0.1 U 0.4 0.1 U 3.5 0.0200 U 0.0328 0.2 U 0.2 U

LLMW34S LLMW34S-130116-W 0.2 U 0.2 U 0.5 0.5 0.1 U 0.2 0.1 U 0.2 0.0222 0.0275 0.2 U 0.2 U

MW1202R MW1202R-130129-W 1.2 1.2 2.9 3 0.1 U 0.1 U 0.1 0.2 0.0200 U 0.0238 0.2 U 0.2 U

MW1203R MW1203R-130129-W 0.2 U 0.2 U 1.2 1.2 0.1 U 0.1 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

MW1301R MW1301R-130129-W 1 1 1.5 1.5 0.1 U 0.1 U 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

MW1501R MW1501R-130129-W 2.9 2.9 1.7 1.8 0.1 U 0.1 U 0.7 1 0.0200 U 0.0200 U 0.2 U 0.2 U

MW1701 MW1701-130129-W 0.2 U 0.2 U 2.2 2.8 0.1 U 0.2 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

PZ1B PZ1B-130117-W 0.2 0.2 131 122 0.1 U 0.1 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

PZ2B PZ2B-130117-W 0.4 0.4 22.9 21 0.1 0.4 0.2 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

PZ3B PZ3B-130117-W 1.2 1.2 5.8 6.6 0.1 U 0.1 U 0.1 0.8 0.0200 U 0.0200 U 0.2 U 0.2 U

UNK UNK-130121-W 7 11.6 71.6 86.9 0.1 U 0.2 3.1 4.2 0.044 0.0599 0.2 U 0.2 U

Surface Water

LLSW01 LLSW01-130205 0.6 0.5 2.5 4 0.1 U 0.1 U 0.1 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

LLSW02 LLSW02-130204 0.7 0.6 5 6.7 0.1 U 0.1 U 0.3 0.9 0.0200 U 0.0217 0.2 U 0.2 U

LLSW03 LLSW03-130204 0.3 0.2 0.7 1.2 0.1 U 0.1 U 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLSW04 LLSW04-130205 1.5 1.3 263 378 0.1 U 0.1 U 0.3 1.9 0.0200 U 0.0234 0.2 U 0.2 U

LLSW05 LLSW05-130205 9.1 9.1 233 347 0.1 U 0.2 2.3 6.2 0.0291 0.0413 0.2 U 0.2 U

LLSW06 LLSW06-130204 0.3 0.3 2.1 3.5 0.1 U 0.1 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLSW07 LLSW07-130204 0.4 0.3 0.8 1.4 0.1 U 0.1 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

Notes:
U = The analyte was  not detected at the indicated reporting limit

J = The result is an estimate
Bold text indicates the analyte was detected.

Table 4
Chemical Analytical Data for Shallow Groundwater and Surface Water

Everett Smelter - Lowland Area

Everett, Washington

µg/L µg/L µg/L µg/L µg/L µg/L

Location 
Designation

Monitoring Wells

BP01S

Antimony Arsenic Cadmium Lead Mercury Thallium
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Table 4 | July 16, 2013 Page 1 of 1



Analyte

Unit

Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total
Sample ID

BP01D BP01D-130114-W 0.2 U 0.2 U 0.3 0.5 J 0.1 U 0.5 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

BP02D BP02D-130114-W 0.2 U 0.2 U 0.3 1 0.1 U 0.1 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

BP03D BP03D-130114-W 0.2 U 0.2 U 0.3 0.9 0.1 U 0.7 0.1 U 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

BP04D BP04D-130115-W 0.2 U 0.2 U 3,620 3,740 0.1 U 0.5 0.1 U 3.8 0.0200 U 0.0200 U 0.2 U 0.2 U

BP05D-130115-W 0.5 0.6 14,800 16,400 0.1 U 0.3 0.1 U 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

DUP03-130115-W 0.6 0.6 16,100 16,500 0.2 0.2 0.1 U 0.8 0.0200 U 0.0200 U 0.2 U 0.2 U

BP05D BP05D2-130115-W 0.6 0.7 25.6 25.3 0.1 U 0.6 0.1 U 1.2 0.0200 U 0.0200 U 0.2 U 0.2 U

BP06D BP06D-130114-W 0.4 0.4 1,780 1,820 0.1 U 0.2 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

BP07D BP07D-130114-W 0.4 0.4 5,020 4,940 0.1 U 0.1 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

BP08D BP08D-130114-W 0.2 U 0.2 U 0.8 0.9 0.1 U 0.1 U 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

BP09D BP09D-130114-W 0.2 U 0.2 U 22.4 23 0.1 U 0.7 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

BP10D BP10D-130114-W 0.3 0.3 8.3 8.1 0.1 U 0.1 0.1 0.7 0.0200 U 0.0239 0.2 U 0.2 U

EV6B EV6B-130117-W 0.3 0.4 12.6 10.2 0.1 U 0.1 U 0.1 1.2 0.0200 U 0.0200 U 0.2 U 0.2 U

EV19B EV19B-130118-W 0.2 0.2 3,970 4,050 0.1 0.3 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

EV20B EV20B-130118-W 0.3 0.7 14,000 13,900 0.1 U 0.1 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

EV22B EV22B-130116-W 0.4 0.6 3.3 3.4 0.1 U 0.2 U 0.1 U 0.6 0.0371 0.0518 0.2 U 0.2 U

LLMW01D LLMW01D-130108-W 0.2 0.3 23.8 24.5 0.1 U 0.1 U 0.1 2.1 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW02D LLMW02D-130107-W 0.2 U 0.2 U 2.4 2.6 0.1 U 0.1 U 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW03D LLMW03D-130107-W 0.2 U 0.2 U 0.6 1.1 0.1 U 0.1 U 0.1 U 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW04D LLMW04D-130110-W 0.3 0.3 31.1 35 0.1 U 0.1 U 0.6 1.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW05D LLMW05D-130109-W 0.2 U 0.2 U 1.7 1.4 0.1 U 0.1 U 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW06D LLMW06D-130201-W 0.2 U 0.2 U 5.5 7 0.1 U 0.1 U 0.3 1 0.0200 U 0.0232 0.2 U 0.2 U

LLMW07D LLMW07D-130109-W 0.5 U 0.2 U 5.9 6.9 0.2 U 0.1 U 0.2 U 1.5 0.0200 U 0.0200 U 0.5 U 0.2 U

LLMW08D LLMW08D-130108-W 0.2 U 0.2 U 2 2 0.1 U 0.1 U 0.1 U 0.1 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW09D LLMW09D-130116-W 0.2 U 0.2 U 0.9 1.7 0.1 U 2 0.3 0.9 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW10D LLMW10D-130116-W 0.2 U 0.2 U 2.4 3 0.1 U 0.1 U 0.1 U 1.7 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW11D LLMW11D-130109-W 0.2 U 0.2 U 1.7 1.7 0.1 U 0.5 0.1 U 0.3 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW12D LLMW12D-130116-W 0.2 U 0.2 U 1,980 1,880 0.1 U 0.4 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW13D LLMW13D-130116-W 0.2 U 0.2 U 22.4 25.4 0.1 U 0.1 U 0.1 U 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW14D LLMW14D-130111-W 0.2 U 0.2 U 313 274 0.1 U 0.4 0.2 0.6 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW15D LLMW15D-130111-W 0.2 U 0.5 U 0.5 0.9 0.1 U 0.2 U 0.1 U 0.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW16D LLMW16D-130111-W 0.2 U 0.2 0.5 U 1.8 0.1 U 0.1 U 0.2 1.2 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW17D LLMW17D-130109-W 0.2 U 0.5 U 14.9 15.8 0.1 U 0.2 U 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW18D LLMW18D-130109-W 0.2 U 0.2 U 0.7 1.4 0.1 U 0.1 U 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW19D LLMW19D-130110-W 0.2 U 0.5 U 4.9 8.7 0.1 U 1.8 0.1 0.9 0.0200 U 0.0200 U 0.2 U 0.5 U

LLMW20D-130110-W 0.9 1 8.7 9.2 0.3 J 0.2 U 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMWDUP1-130110-W 0.9 1 8.6 11 0.1 UJ 0.5 U 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW21D LLMW21D-130108-W 0.2 U 0.2 U 0.5 1.3 0.1 U 0.2 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW22D LLMW22D-130108-W 0.2 U 0.2 U 0.4 0.7 0.1 U 0.1 U 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW23D LLMW23D-130108-W 0.2 U 0.2 U 0.8 1.4 0.1 U 0.1 U 0.1 U 0.5 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW24D-130121-W 0.4 0.4 0.8 2.6 J 0.4 J 0.2 0.1 U 2.1 J 0.0200 U 0.0200 U 0.2 U 0.2 U

DUP04-130121-W 0.4 0.4 1.1 1.6 J 0.2 J 0.3 0.1 U 0.9 J 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW25D LLMW25D-130121-W 0.5 0.5 0.9 1.5 0.7 0.3 0.1 U 0.9 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW27D LLMW27D-130121-W 0.6 0.5 814 941 0.1 0.2 0.1 U 1 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW29D LLMW29D-130118-W 0.4 0.4 4.5 7.1 0.1 U 0.2 0.1 U 0.9 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW31D LLMW31D-130201-W 0.4 0.3 0.7 0.8 2.2 2.4 0.7 0.8 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW33D LLMW33D-130117-W 0.2 U 0.2 U 1.3 1.4 0.1 U 0.8 0.1 U 0.1 U 0.0200 U 0.0200 U 0.2 U 0.2 U

LLMW34D LLMW34D-130116-W 1 0.9 2.2 3.1 0.1 U 0.1 U 0.1 U 0.4 0.0200 U 0.0200 U 0.2 U 0.2 U

Notes:
U = The analyte was  not detected at the indicated reporting limit

J = The result is an estimate
Bold text indicates the analyte was detected.

Table 5
Chemical Analytical Data for Deep Groundwater

Everett Smelter - Lowland Area

Everett, Washington

µg/L µg/L µg/L µg/L µg/L µg/L

Location 
Designation

Monitoring Wells

BP05D

LLMW20D

LLMW24D

Antimony Arsenic Cadmium Lead Mercury Thallium
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Analyte Antimony Arsenic Cadmium Lead Mercury Thallium

Unit mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Location Designation/Sample ID

LLSD-01 6 U 6.3 0.5 10 0.03 U 0.3 U

LLSD-02 7 U 14.3 0.6 86 0.05 0.2 U

LLSD-03 9 U 18.7 0.8 30 0.07 0.4 U

LLSD-04 10 U 219 0.9 31 0.03 U 0.4 U

LLSD-05 10 U 157 2.7 532 0.15 0.4 U

LLSD-06 20 U 105 1.8 78 0.1 0.8 U

LLSD-07 10 U 11.5 0.8 24 0.06 0.5 U

Notes:
U = The analyte was  not detected at the indicated reporting limit
Bold text indicates the analyte was detected.

Table 6
Chemical Analytical Data for Sediment

Everett Smelter - Lowland Area
Everett, Washington
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Location Designation Test Performed 1 Hydraulic Conductivity 2 (ft/day)

BP05S Slug Test 1.97

BP08S Slug Test 1.78

EV22A Slug Test 1.55

LLMW03S Slug Test 50.33

LLMW11S Slug Test 85.57

LLMW12S Slug Test 196.92

LLMW16S Slug Test, Drawdown Test3 8.18

LLMW22S Slug Test 254.12

BP05D Slug Test, Drawdown Test 27.71

BP05D2 Slug Test, Drawdown Test 2.11

BP08D Slug Test 14.33

EV22B Slug Test 0.01

LLMW03D Slug Test 91.05

LLMW11D Slug Test, Drawdown Test 24.77

LLMW12D Slug Test 173.07

LLMW16D Slug Test, Drawdown Test 91.42

LLMW22D Slug Test 145.43

LLMW27D Slug Test 2.74

Notes:
1  Slug and/or drawdown tests were performed at the indicated wells. See report for methods.

Everett, Washington

Hydraulic Conductivity
Everett Smelter - Lowland Area

Table 7

3  Drawdown testing results affected by insufficient water in well. Results presented are from slug test analysis.

2  Where both slug and drawdown tests were performed, the indicated hydraulic conductivity result is from the drawdown 
test (except LLMW16S, see footnote 3). Hydraulic conductivities were calculated for slug tests using Bouwer and Rice 
(1976) or Butler and Garnett (2000). Hydraulic conductivity values for drawdown tests were calculated from Cooper-
Jacob (1946) and Theis Recovery (1935) methods by converting average T values calculated from pumping and recovery 
phases to K values using assumed aquifer thickness of 35 feet, based on lithology observed at BP-05D2.

Shallow Aquifer Wells

Deep Aquifer Wells

File No. 0504-068-00
Table 7 | July 16, 2013 Page 1 of 1



Location ID Screened Interval Soil Type 2

Average Effective Porosity (n e) by 

Soil Type 3
Hydraulic Conductivity (K) 4 

(ft/day) Groundwater Gradient (i) 5 

Estimated
Average Horizontal 

Groundwater Velocity 6 (ft/day)

LLMW11S Sand with occ gravel (SP) 0.30 51.30 0.0026 0.44

LLMW11D Sand with occ gravel (SP) 0.30 32.19 0.0004 0.04

LLMW12S Sand with occ gravel (SP) 0.30 196.92 0.0096 6.30

LLMW12D Sand (SP) 0.32 173.07 0.0027 1.46

Notes:
1  Horizontal groundwater velocities were calculated for wells that were both part of the tidal study and were slug and/or drawdown tested. 

3  Average effective porosity values by soil type (Argonne National Laboratory Environmental Science Division, U.S. Department of Energy, 2001). 

5 Hydraulic gradient at the well calculated using two wells as end points.

4  Hydraulic conductivities were calculated from slug tests using Bouwer and Rice (1976) or Butler and Garnett (2000), and from drawdown tests using Cooper-Jacob (1946) and Theis Recovery 
Method (1935). 

6  Horizontal groundwater velocities are based on average published effective porosities for soil type and hydraulic gradients calculated from a limited number of data points. Groundwater 
velocities should be considered an estimate. Calculation: v=K/ne*i

2  Soil type based on visual classification during well installation (USCS) and grain size analysis to confirm/calibrate visual classifications.

Table 8
Average Groundwater Velocity for Select Tidal Study Wells1

Everett Smelter - Lowland Area
Everett, Washington

File No. 0504-068-00
Table 8 | July 16, 2013 Page 1 of 1
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Everett Smelter - Lowland Area
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Data Sources:  ESRI Data & Maps

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in 
    showing features discussed in an attached document. GeoEngineers, Inc. 
    can not guarantee the accuracy and content of electronic files. The master 
    file is stored by GeoEngineers, Inc. and will serve as the official record of 
    this communication.
3. It is unlawful to copy or reproduce all or any part thereof, whether for 
    personal use or resale, without permission.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.

Data Source: Aerial Image from Microsoft, 2010. Snohomish County GIS, 2012.
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Notes:
1. The locations of all features shown are approximate.
2. Inset tidal prediction chart generated using National Oceanic 
and Atmospheric Administration (NOAA) tidal prediction data
 for January 21, 2013.  http://tidesandcurrents.noaa.gov/ 
3. Red overlay box on tidal prediction chart represents the time
period for groundwater measurements on January 21, 2013. 
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.

Data Source: Aerial Image from Microsoft, 2010. Snohomish County GIS, 2012.
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Notes:
1. The locations of all features shown are approximate.
2. Inset tidal prediction chart generated using National Oceanic 
and Atmospheric Administration (NOAA) tidal prediction data
 for January 21, 2013.  http://tidesandcurrents.noaa.gov/ 
3. Red overlay box on tidal prediction chart represents the time
period for groundwater measurements on January 21, 2013. 
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.

Data Source: Aerial Image from Microsoft, 2010. Snohomish County GIS, 2012.
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Groundwater Elevations
January 21, 2013 – Deep Aquifer

Figure 4
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
3. Mean groundwater elevations calculated using Serfes (1987) Method.

Data Source: Aerial Image from Microsoft, 2010. Snohomish County GIS, 2012.
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Mean Groundwater Elevations - Deep Aquifer
Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
3. Mean groundwater elevations calculated using Serfes (1987) Method.

Data Source: Aerial Image from Microsoft, 2010. Snohomish County GIS, 2012.

Legend
Lowland Area

Monitoring well designation and mean groundwater elevation
for selected 72 hour tidal cycle

3
 (NAVD88)

Estimated Groundwater Elevation Contour, ft (dashed where inferred)

Inferred Groundwater Flow Direction

Extent of Recent Filling (2011 to present)

MW12D
6.57



#0Ò
#0Ò

#0Ò

#0Ò
#0Ò

#0Ò

#0Ò
!>

!>

!>
!>
!>
!>

!>

!>

!>

!>

!>

!>

!>
!>

!>

!>

!>

!>

!>

!>

!>

!>

!>

!>

!>
!>

!>

!>

!>

!>

!>

!>

!>

!>

!>

!A

!A

!A

!A

!A

!A

!A
!A

!A
!A

!A!A

!A

E
 M

A
R

IN
E

 V
IE

W
 D

R

N
 B

R
O

A
D
W

AY

P
R

IV
A
T

E

M
A

P
L
E

 S
T

RO
SS AVE

B
R

O
A

D
W

A
Y

R
IV

E
R

S
ID

E
 R

D

S
R

 5
2
9

P
IN

E
 S

T

5TH ST

10TH ST

W
 M

A
R
IN

E
 V

IEW
 D

R

13TH ST

14TH ST

L
O

M
B

A
R

D
 A

V
E

F
IR

 S
T

P
O

P
L
A

R
 S

T

LE
G

IO
N
 D

R

7TH ST

6TH ST

12TH ST

A
L
V

E
R

S
O

N
 B

L
V

D

3
5
T

H
 A

V
E

 N
E

W
A

V
E

R
L
Y

 A
V

E

8TH ST

L
A

R
C

H
 S

T

TOWER ST

L
IN

D
E

N
 S

T

3
4
T

H
 A

V
E

 N
E

9TH ST

28TH PL NE

H
A
W

T
H

O
R

N
E

 S
T

11TH ST

B
R

ID
G

E
 W

A
Y

W
A

Y
N

E
 A

V
E

P
A

C
IF

IC
 H

IG
H

W
A

Y

H
E

M
L

O
C

K
 S

T

C
H

E
S

T
N

U
T

 S
T

O
A

K
E

S
 A

V
E

S
K

Y
L

IN
E

 D
R

L
O

C
U

S
T

 S
T

JADE AVE

3
2
N

D
 A

V
E

 N
E

W
IN

T
O

N
 A

V
E

R
A

I N
I E

R
 A

V
E

S
B

 S
N

O
H

O
M

IS
H

 R
IV

E
R

 B
R

D
G

N
B

 S
N

O
H

O
M

IS
H

 R
IV

E
R

 B
R

D
G

R
O

C
K

E
F

E
L

L
E

R
 A

V
E

OKLAHOMA AVE

4TH ST

B
A

L
S

A
M

 L
N

2ND ST

D
O

N
O

V
A

N
 L

N

MILL ST

3RD ST

C
H

E
S

T
N

U
T

 C
T

PRIVATE

P
R
IV

AT
E

O
A

K
E

S
 A

V
E

14TH ST

R
O

C
K

E
F

E
L

L
E

R
 A

V
E

13TH ST

8TH
 ST

5TH ST

P
R

IV
A
T

E

ROSS AVE

R
A

IN
IE

R
 A

V
E

10TH ST

P
IN

E
 S

T

8TH S
T

F
IR

 S
T

7TH ST

11TH ST

P
IN

E
 S

T

R
O

C
K

E
F

E
L

L
E

R
 A

V
E

EV-13
DRY

LLMW-27S
DRY

LLMW-29S
DRY

BP-04S

24.3

MW-1501R

1.7

UNK

71.6

MW-1301R

1.5 MW-1203R

1.2
MW-1202R

2.9

MW-1701

2.2

PZ-3B

5.8

PZ-2B

22.9

PZ-1B

131

BP-02S

94.5 BP-03S

36.8

BP-05S

26.2
BP-06S

52.3
BP-07S

277BP-08S

57.5

BP-09S

164

BP-10S

94.8

BP-01S

83.8 J

EV-22A

11.8

LLMW-03S

1.8

LLMW-04S

8.3 LLMW-07S

15.6
LLMW-06S

12.4

LLMW-08S

192
LLMW-09S

59

LLMW-10S

4.4

LLMW-12S

16.6
LLMW-14S

2.7

LLMW-11S

1.1

LLMW-16S

1700LLMW-15S

4.6

LLMW-18S

4.9

LLMW-21S

28.9
LLMW-33S

0.3

LLMW-22S

6

LLMW-23S

15

LLMW-34S

0.5

LLMW-17S

2.6

LLMW-13S

25.5

LLMW-05S

8.4

LLSW-01

2.5

LLSW-02

5

LLSW-03

0.7

LLSW-06

2.1

LLSW-07

0.8

LLSW-05

233

LLSW-04

263

EV-6A

28.4

Dissolved Arsenic Concentrations in
Shallow Aquifer Groundwater and Surface Water

Everett Smelter - Lowland Area

Figure 7

µ
700 0 700

Feet

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached 
document.  GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
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APPENDIX A 
Laboratory Analytical Reports for Metals in Water 
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APPENDIX B 
Data Quality Assessment Report for Total/ 

Dissolved Metals in Water 
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DATA QUALITY ASSESSMENT REPORT 
 

TOTAL/DISSOLVED METALS IN WATER BY METHODS SW200.8/SW7470A 
 

ARI Laboratory 
SDG 

Samples Validated 
(Bold indicates the sample was qualified) 

VZ23/VZ24 

LLMW01D-130108-W, LLMW02D-130107-W, LLMW03S-130107-W, LLMW03D-130107-
W,  

LLMW08S-130108-W, LLMW08D-130108-W, LLMW018S-130108-W, LLMW018D-
130109-W,  

LLMW21S-130108-W, LLMW21D-130108-W, LLMW22S-130108-W, LLMW22D-130108-
W,  

LLMW23S-130108-W, LLMW23D-130108-W  

VZ75/VZ76 

LLMW04S-130110-W, LLMW04D-130110-W, LLMW05S-130109-W, LLMW05D-130109-
W, LLMW06S-130109-W, LLMW07S-130109-W, LLMW07D-130109-W, LLMW11S-

130109-W, LLMW11D-130109-W, LLMW14S-130111-W, LLMW14D-130111-W, 
LLMW15S-130111-W, LLMW15D-130111-W, LLMW16S-130111-W, LLMW16D-130111-

W, LLMW17S-130109-W, LLMW17D-130109-W, LLMW19D-130110-W, LLMW20D-
130110-W, LLMWDUP1-130110-W 

WA06/WA10 BP04S-130115-W, BP04D-130115-W, BP05S-130115-W, BP05D-130115-W, 
DUP03-130115-W, BP05D2-130115-W 

WA08/WA16 

BP01S-130114-W, DUP02-130114-W, BP01D-130114-W, BP02S-130114-W, 
BP02D-130114-W, BP03S-130114-W, BP03D-130114-W, BP06S-130114-W, 
BP06D-130114-W, BP07S-130114-W, BP07D-130114-W, BP08S-130114-W, 
BP08D-130114-W, BP09S-130114-W, BP09D-130114-W, BP10S-130114-W, 

BP10D-130114-W  

WA61/WA62 

LLMW09S-130116-W, LLMW09D-130116-W, LLMW010S-130116-W, LLMW010D-
130116-W, LLMW012S-130116-W, LLMW012D-130116-W, LLMW013S-130116-W, 

LLMW013D-130116-W, LLMW33S-130117-W, LLMW33D-130117-W, LLMW34S-
130116-W, LLMW34D-130116-W, EV22A-130116-W, EV22B-130116-W, EV6A-130117-

W, EV6B-130117-W, PZ1B-130117-W, PZ2B-130117-W, PZ3B-130117-W 

WA66/WA67 LLMW24D-130121-W, DUP04-130121-W, LLMW25D-130121-W, LLMW27D-130121-W, 
LLMW29D-130118-W, EV19B-130118-W, EV20B-130118-W, UNK-130121-W 

WC09/WC10 MW1202R-130129-W, MW1203R-130129-W, MW1301R-130129-W, MW1501R-
130129-W, MW1701-130129-W 

WC37/WC38 LLMW06D-130201-W, LLMW31D-130201-W 

WC79/WC80 LLSW01-130205, LLSW02-130204, LLSW03-130204, LLSW04-130205, LLSW05-
130205, LLSW06-130204, LLSW07-130204  
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PROJECT:  EVERETT SMELTER LOWLAND AREA (00504-068-00) 

This report documents the results of an Environmental Protection Agency (EPA) level 2b data validation of 
analytical data from the analyses of water samples and the associated laboratory and field quality control 
(QC) samples.  The review included the following: 

■ Chain of Custody 

■ Holding Times and Sample Preservation 

■ Instrument Calibration 

■ ICP Interference Check Sample   

■ Method  and Calibration Blanks 

■ Laboratory Control Samples 

■ Matrix Spikes 

■ Laboratory Duplicates 

■ Field Duplicates 

■ Internal Standards/Tunes  

OBJECTIVE 

The objective of the data validation was to review laboratory analytical procedures and quality 
control (QC) results to evaluate whether: 

■ The samples were analyzed using well-defined and acceptable methods that provide detection limits 
below applicable regulatory criteria; 

■ The precision and accuracy of the data are well defined and sufficient to provide defensible data; and 

■ The quality assurance/quality control (QA/QC) procedures utilized by the laboratory meet acceptable 
industry practices and standards. 

Ninety-one (91) groundwater samples and seven (7) surface water samples were analyzed by one or more 
of the analytical methods listed in the title of this appendix. 

DATA PACKAGE COMPLETENESS 

Analytical Resources Incorporated (ARI), located in Tukwila, Washington, analyzed the water samples 
evaluated as part of this data quality assessment.  The laboratory provided all required deliverables for 
the assessment according to the National Functional Guidelines.  The laboratory followed adequate 
corrective action processes and all identified anomalies were discussed in the case narratives. 
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DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed 
using guidance in the USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review (USEPA, 2010). 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports.  There were no 
anomalies noted on the COC forms; proper COC protocols appear to have been followed for this sampling 
event. 

Holding Times and Sample Preservation 

The holding time is defined as the time that elapses between sample collection and sample analysis.  The 
maximum holding time criteria of 6 months (28 days for mercury) is prescribed for the two metals 
analytical methods to help ensure that the analyte concentrations found at the time of analysis reflect the 
concentration present at the time of sample collection.  Established holding times of 6 months (28 days 
for mercury) were met for all analyses. 

Instrument Calibration 

The laboratory followed the method requirements for satisfactory instrument calibration.  Instrument 
calibration is necessary in order to ensure that the instrument is capable of producing acceptable 
quantitative data for the metals on the target analyte list in the QAPP.  Initial Calibration Verification (ICV) 
demonstrates that the instrument is capable of acceptable performance at the beginning of the analytical 
run.  The Continuing Calibration Verification (CCV) demonstrates that the initial calibration is still valid by 
checking the performance of the instrument on any given day that samples are being analyzed. 

Each calibration curve was made up of a blank and at least five calibration standards with all 
measurements being within the working range of the instrument.  The calibration curves were fitted using 
linear regression and each curve had a correlation coefficient of ≥ 0.995.    

The ICV/CCV standards were within 90% to 110% of the true value in all cases. 

ICP Interference Check Sample 

The Interference Check Sample verifies the analytical instrument’s ability to overcome isobaric 
interferences typical of those found in samples.  The laboratory analyzed this QC sample at the 
proper frequency and location of the analytical run.  All solution mixtures were within the control limit 
of 20% of the true value. 

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest.  Method blanks were analyzed with each batch of 
samples, at a frequency of 1 per 20 samples.  For all sample batches, method blanks were analyzed at 
the required frequency.  None of the analytes of interest were detected above the reporting limits in any 
of the method blanks. 
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Matrix Spikes 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of a 
particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of sample is 
analyzed in the normal manner, and then a second aliquot of the sample is spiked with a known amount 
of analyte concentration and analyzed.  From these analyses, a percent recovery (%R) is calculated.  In 
the event that a particular element is out of the recovery value control limits in the matrix spiked sample, 
the laboratory is required to analyze a “post-spiked” sample in order to further isolate any potential 
quality control issues with the given element.   

Matrix spike analyses should be performed once per analytical batch or every 20 field samples, 
whichever is more frequent.  The recovery criteria for matrix spikes are 75% to 125% for all of the 
elements in this report.   

The frequency requirements were met for all analyses, with the following exceptions: 

SDG WA08/WA16:  The laboratory performed a matrix spike on Sample BP01S-130114-W.  The %R value 
for total arsenic was greater than the control limit.  The positive results for total arsenic were qualified as 
estimated (J) in the samples BP01S-130114-W, BP01D-130114-W, and DUP02-130114-W. 

SDG WA66/WA67:  The laboratory performed a matrix spike on Sample EV19B-130118-W.  The %R 
values for total and dissolved arsenic were greater than the control limit.  However, in both cases the 
parent sample concentrations were greater than four times the amount spiked into the sample.  For this 
reason, no action was taken.  

Laboratory Control Samples (LCS) 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of analyte 
concentration and analyzed.  It is to be treated much like a matrix spike, without the possibility for matrix 
interference.  As there is no actual sample matrix in the analysis, the analytical expectations for accuracy 
and precision are usually more rigorous and qualification would apply to all samples in the batch, instead 
of the parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every 20 field 
samples, whichever is more frequent.  The recovery criteria for laboratory control samples are specified in 
the laboratory documents as are the relative percent difference values.  The frequency requirements were 
met for all analyses, and the %R/RPD values were within the proper control limits. 

Laboratory Duplicates 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two 
separate aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD between 
the two results is calculated.  Duplicate analyses should be performed once per analytical batch.  If one or 
more of the samples used has a concentration greater than five times the reporting limit for that sample, 
the absolute difference is used instead of the RPD. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria were 
met in all cases. 
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Field Duplicates 

Field duplicate samples were collected and analyzed along with the reviewed sample batches.  The 
duplicate samples were analyzed for the same parameters as the associated parent samples.  As 
mentioned above for the laboratory duplicates the RPD is used as the criteria for assessing precision, 
unless one or more of the samples used has a concentration greater than five times the reporting limit for 
that sample, the absolute difference is used instead of the RPD. 

The RPD control limits for water samples is 50%, while the RPD control limits for water samples is 35%.  
The absolute difference control limits for soil samples is twice the PQL value, while the absolute 
difference control limits for water samples is the same as the PQL value.  The four sets of field duplicates 
shown below were submitted to the laboratory: 

■ LLMW20D-130110-W and LLMWDUP1-130110-W 

■ BP05D-130115-W and DUP03-130115 

■ BP01S-130114-W and DUP03-130115-W 

■ LLMW24D-130121-W and DUP04-130121 

The precision criteria were met for all target analytes, with the following exception: 

SDG VZ75/VZ76:  Samples LLMW20D-130110-W & LLMWDUP1-130110-W, was submitted to the 
laboratory.  There was a postitive result for dissolved cadmium in one of the samples greater than twice 
the reporting limit, while cadmium was not detected in the other sample.  For this reason, the positive 
result and reporting limit for dissolved cadmium were qualified as estimated (J/UJ) in both samples. 

Reporting Limits and Miscellaneous 

All SDGs:  The reporting limits the target analytes met the requirements that were prescribed in the QAPP. 

Internal Standards/Tunes 

The laboratory appropriately added an internal standard into each sample, with the exception of the 
instrument tune.  The intensity of the internal standard response in each sample was monitored and 
compared to the intensity of the response for that internal standard in the calibration blank. The percent 
relative intensity (%RI) in the samples were within 60-125% of the response in the calibration blank for 
the appropriate analytical run. 

OVERALL ASSESSMENT 

As was determined by this data quality assessement, the laboratory followed the specified analytical 
methods.  Accuracy was acceptable, as demonstrated by the LCS and MS %R values, with the exceptions 
mentioned above.  Precision was acceptable, as demonstrated by the laboratory duplicate and field 
duplicate RPD values, with the exceptions noted above. 

Data were qualified as estimated because of a matrix spike %R outlier and field duplicate precision 
outliers.   

The data are acceptable for use. 



 

 

APPENDIX C 
Laboratory Analytical Reports for Metals in Sediment 
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APPENDIX D 
Data Quality Assessment Report for  

Metals in Sediment  
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DATA QUALITY ASSESSMENT REPORT 
 

METALS IN SEDIMENT BY METHODS SW6010C/SW200.8/SW7471A 

ARI Laboratory 
SDG Samples Validated 

WC78 LLSD06-130204, LLSD07-130204, LLSD03-130204, LLSD02-130204, LLSD01-
130204, LLSD04-130204, LLSD05-130204 

PROJECT:  EVERETT SMELTER LOWLAND AREA (00504-068-00) 

This report documents the results of an Environmental Protection Agency (EPA) level 2b data validation of 
analytical data from the analyses of sediment samples and the associated laboratory and field quality 
control (QC) samples.  The review included the following: 

■ Chain of Custody 

■ Holding Times and Sample Preservation 

■ Instrument Calibration 

■ ICP Interference Check Sample   

■ Method  and Calibration Blanks 

■ Laboratory Control Samples 

■ Matrix Spikes 

■ Laboratory Duplicates 

■ Field Duplicates 

■ Internal Standards/Tunes  

OBJECTIVE 

The objective of the data validation was to review laboratory analytical procedures and quality 
control (QC) results to evaluate whether: 

■ The samples were analyzed using well-defined and acceptable methods that provide detection limits 
below applicable regulatory criteria; 

■ The precision and accuracy of the data are well defined and sufficient to provide defensible data; and 

■ The quality assurance/quality control (QA/QC) procedures utilized by the laboratory meet acceptable 
industry practices and standards. 

Seven (7) sediment samples were analyzed by one or more of the analytical methods listed in the title of 
this appendix. 
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DATA PACKAGE COMPLETENESS 

Analytical Resources Incorporated (ARI), located in Tukwila, Washington, analyzed the sediment samples 
evaluated as part of this data quality assessment.  The laboratory provided all required deliverables for 
the assessment according to the National Functional Guidelines.  The laboratory followed adequate 
corrective action processes and all identified anomalies were discussed in the case narratives. 

DATA QUALITY ASSESSMENT SUMMARY 

The results for each of the QC elements are summarized below.  The data assessment was performed 
using guidance in the USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review (USEPA, 2010). 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports.  There were no 
anomalies noted on the COC forms; proper COC protocols appear to have been followed for this sampling 
event. 

Holding Times and Sample Preservation 

The holding time is defined as the time that elapses between sample collection and sample analysis.  The 
maximum holding time criteria of 6 months (28 days for mercury) is prescribed for the metals analytical 
methods to help ensure that the analyte concentrations found at the time of analysis reflect the 
concentration present at the time of sample collection.  Established holding times of 6 months (28 days 
for mercury) were met for all analyses. 

Instrument Calibration 

The laboratory followed the method requirements for satisfactory instrument calibration.  Instrument 
calibration is necessary in order to ensure that the instrument is capable of producing acceptable 
quantitative data for the metals on the target analyte list in the QAPP.  Initial Calibration Verification (ICV) 
demonstrates that the instrument is capable of acceptable performance at the beginning of the analytical 
run.  The Continuing Calibration Verification (CCV) demonstrates that the initial calibration is still valid by 
checking the performance of the instrument on any given day that samples are being analyzed. 

Each calibration curve was made up of a blank and at least five calibration standards with all 
measurements being within the working range of the instrument.  The calibration curves were fitted using 
linear regression and each curve had a correlation coefficient of ≥ 0.995.    

The ICV/CCV standards were within 90% to 110% of the true value in all cases. 

ICP Interference Check Sample 

The Interference Check Sample verifies the analytical instrument’s ability to overcome isobaric 
interferences typical of those found in samples.  The laboratory analyzed this QC sample at the 
proper frequency and location of the analytical run.  All solution mixtures were within the control limit 
of 20% of the true value. 
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Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest.  Method blanks were analyzed with each batch of 
samples, at a frequency of 1 per 20 samples.  For all sample batches, method blanks were analyzed at 
the required frequency.  None of the analytes of interest were detected above the reporting limits in any 
of the method blanks. 

Matrix Spikes 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of a 
particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of sample is 
analyzed in the normal manner, and then a second aliquot of the sample is spiked with a known amount 
of analyte concentration and analyzed.  From these analyses, a percent recovery (%R) is calculated.  In 
the event that a particular element is out of the recovery value control limits in the matrix spiked sample, 
the laboratory is required to analyze a “post-spiked” sample in order to further isolate any potential 
quality control issues with the given element.   

Matrix spike analyses should be performed once per analytical batch or every 20 field samples, 
whichever is more frequent.  The recovery criteria for matrix spikes are 75% to 125% for all of the 
elements in this report.   

The frequency requirements were met for all analyses, with the following exceptions: 

The %R value for antimony was less than the control limit of 80%.  Appropriately, in each case the 
laboratory properly conducted a post-spiked sample.  These post-spiked samples were spiked with a 
higher concentration of element solution as the matrix spike, however, they do not interact with acid and 
are never heated in the digestion process.  The %R values for each of the post spike samples were within 
the 75% to 125% control limits. 

In the process of determining the appropriate action for this potential outlier, it was also noted that there 
were no detections of antimony in sediment in this sampling event.  Based on professional judgment, the 
antimony reporting limits were not qualified, as there is no effect on the usefulness of the antimony data 
for this project. 

Laboratory Control Samples (LCS) 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of analyte 
concentration and analyzed.  It is to be treated much like a matrix spike, without the possibility for matrix 
interference.  As there is no actual sample matrix in the analysis, the analytical expectations for accuracy 
and precision are usually more rigorous and qualification would apply to all samples in the batch, instead 
of the parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every 20 field 
samples, whichever is more frequent.  The recovery criteria for laboratory control samples are specified in 
the laboratory documents as are the relative percent difference values.  The frequency requirements were 
met for all analyses, and the %R/RPD values were within the proper control limits. 

Laboratory Duplicates 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two 
separate aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD between 
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the two results is calculated.  Duplicate analyses should be performed once per analytical batch.  If one or 
more of the samples used has a concentration greater than five times the reporting limit for that sample, 
the absolute difference is used instead of the RPD. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria were 
met in all cases. 

Field Duplicates 

A field duplicate sample was not collected during this sampling event.  Sediment sampling will be 
performed at locations along the Snohomish River; a field duplicate will be analyzed during this sediment 
sampling round. 

Reporting Limits and Miscellaneous 

The reporting limits for the target analytes met the requirements that were prescribed in the QAPP. 

Internal Standards/Tunes 

The laboratory appropriately added an internal standard into each sample, with the exception of the 
instrument tune.  The intensity of the internal standard response in each sample was monitored and 
compared to the intensity of the response for that internal standard in the calibration blank. The percent 
relative intensity (%RI) in the samples were within 60-125% of the response in the calibration blank for 
the appropriate analytical run. 

OVERALL ASSESSMENT 

As was determined by this data quality assessement, the laboratory followed the specified analytical 
methods.  Accuracy was acceptable, as demonstrated by the LCS and MS %R values, with the exceptions 
mentioned above.  Precision was acceptable, as demonstrated by the laboratory duplicate RPD values. 

All data, as qualified, are acceptable for use. 



 

 

APPENDIX E 
Slug and Drawdown Testing  
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APPENDIX E 
SLUG AND DRAWDOWN TESTING 

Slug and drawdown testing were performed on selected wells at the Site between January 29 and 
31, 2013.  The purpose of the slug and drawdown testing was to use the data, in combination with 
previously gathered site data (specifically aquifer thickness values), to estimate hydraulic conductivity (K) 
within the shallow and deep aquifers in the vicinity of the tested wells.  Average hydraulic conductivity for 
the deep aquifer was also estimated based on a tidal study that was performed at the Site (see 
Appendix F).   

Slug testing was performed on 18 wells (LLMW-03S, LLMW-03D, LLMW-11S, LLMW-11D, LLMW-12S, 
LLMW-12D, LLMW-16S, LLMW-16D, LLMW-22S, LLMW-22D, LLMW-27D, EV22A, EV22B, BP-05S, 
BP-05D, BP05-D2, BP08S and BP-08D).  The majority of the wells selected for slug testing were selected 
because they are located generally downgradient of the former smelter.  Several wells were selected that 
are not located directly downgradient of the former smelter; these wells were selected to provide 
additional spatial coverage at the Site. 

Follow-up short-term drawdown testing was performed on a subset of the 18 wells to collect additional 
data to use to estimate K.  During the drawdown phase, a cone of depression develops and often 
propagates beyond the radius of influence achieved during slug testing.  When the pump is shut off, well 
recovery is monitored in much the same way as in slug testing.  The wells that were selected for 
drawdown testing included LLMW-11S, LLMW-11D, LLMW-13D, BP-05S, BP-05D and BP-05D2.  These 
wells were selected for drawdown testing because they are located generally downgradient of the former 
smelter and in the area where a plume of groundwater containing relatively high arsenic concentrations 
has been observed.  (Due to a field error, LLMW-16D was drawn down rather than LLMW-13D).   

Field procedures, as well as the procedure for data analysis from the slug and drawdown testing are 
described below.  Plots of the slug and drawdown tests are presented in Figures E-1 through E-26. 

Slug Testing 

Field Procedures 

Each slug test was performed in two stages, a falling head stage followed by a rising head stage.  For 
each test, the water level in the well was measured and recorded at 0.25-second intervals using a 
decontaminated submerged water-level sensor consisting of a piezoelectric pressure transducer and 
automated datalogger (transducer/datalogger) programmed to record water pressure (head) above the 
sensor.  The water level was also measured using a decontaminated electronic water level indicator 
(“e-tape”) as a check on the transducer/datalogger.   

Prior to slug testing, the pre-test static water level was measured in each well from a surveyed reference 
mark on top of the well casing.  For the falling head stage, a slug (weighted 5-foot length of sealed PVC 
casing) of known volume was rapidly lowered into the well, causing displacement of the water, which rose 
rapidly above its initial level.  The water level in the well was then monitored until it returned (fell) to the 
approximate pre-test water level.  For the rising-head stage, the slug was rapidly removed from the well, 
causing the water level to drop below its pre-test static level, and the water level in the well was 
monitored until it returned (rose) to the approximate pre-test static water level.  Well LLMW-11D was 
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tested twice because the falling head data from the first test appeared suspect (see the data points at 
less than 5 seconds and greater than 12 seconds on the falling head graph of Figure E-4).   

Data Analysis 

Both falling head stage and rising-head stage data can be used only in wells where the screened interval 
is under the water table during all portions of the test.  In wells where the screened interval is above the 
water table, only the rising-head stage data is used, because some of water displaced during the falling 
head stage portion of the test can drain into the unsaturated zone above the water table.  Wells in which 
the screened interval was above the water table included LLMW-11S, LLMW-12S and LLMW-22S. 

The data from all slug tests were downloaded from the transducer/datalogger, processed using 
spreadsheet software, and then plotted to identify the type of hydraulic response.  In moderate to low-
permeability soils, the recovery of the water level back to its pre-test static level is typically in the form of 
a monotonic trend, as shown for example in well LLMW-11S (Figure E-3).  This type of hydraulic response 
has been classified as “over-damped” in the technical literature (Butler 1998).  Data from wells exhibiting 
this type of response were analyzed using the method of Bouwer and Rice (1976). 

In higher permeability soils, where recovery is more rapid, the recovery of the water level back to its pre-
test static level is typically in the form of decaying oscillations (Neville, 2011), as shown for example in 
wells LLMW-03D, LLMW-12D and LLMW-22D (Figures E-2, E-7 and E-11).  This type of hydraulic response 
has been classified as “under-damped,” and is typically due to high hydraulic conductivity of the aquifer in 
the vicinity of the well.  Data from wells exhibiting this type of response were analyzed using a 
high-conductivity analytical method developed by Butler and Garnett (2000).  The authors developed their 
analytical method based on the work of Van Der Kamp (1976) and Kipp (1985), refining the method to be 
applicable to wells that do not penetrate the entire thickness of the aquifer, as is the case in wells tested 
in this study.  The Butler and Garnett (2000) method is widely used in slug test data analysis and can be 
applied to data from both confined and unconfined aquifers.  Slug tests in shallow wells were analyzed 
assuming unconfined conditions because the shallow aquifer is well documented to be unconfined.  Slug 
tests in deep wells were analyzed assuming confined conditions because several lines of evidence 
suggested the deep aquifer was confined.  (This assumption was further corroborated by the tidal study – 
see Appendix F).  

The hydraulic conductivity (K) values were calculated based on aquifer thickness and the slope of the 
fitted lines shown on Figures E-1 through E-19.  Aquifer thicknesses at each location were based on 
stratigraphy observed during drilling, as recorded on boring logs. 

Drawdown Testing 

Field Procedure 

Short-duration drawdown testing was performed on six wells (LLMW-11S, LLMW-11D, LLMW-16D, 
BP-05S, BP-05D and BP-05D2).  Similar to the slug test procedure, the water level in each well was 
measured and recorded at 0.25-second intervals using a decontaminated submerged 
transducer/datalogger installed in the well.  The water level was also measured using a decontaminated 
e-tape as a check on the transducer/datalogger.  The pre-test static water level was measured in each 
well from a surveyed reference mark on top of the well casing.  A decontaminated submersible pump with 
a pumping capacity of 2 gallons per minute (at 30 feet of lift) was used for each test.  The well was 
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pumped for 30 minutes to allow a cone of depression to develop and propagate beyond the radius of 
influence achieved during slug testing.  Well BP-05S was tested twice because the drawdown portion of 
the first test was inadvertently ended before the 30-minute drawdown period prescribed by the project 
Sampling and Analysis Plan (SAP). 

Data Analysis 

Drawdown data were analyzed using the Cooper-Jacob (1946) analytical method for data collected during 
the pumping phase, and using the Theis Recovery Method (Theis 1935) for the recovery phase.  Plots of 
the aquifer response to pumping as well as the recovery and the trend lines are presented in Figures E-20 
through E-26.  Transmissivity (T) is calculated based on the slope of the fitted lines shown on 
Figures E-20 through E-26.  Hydraulic conductivity (K) is calculated based on aquifer thickness and T.  
(Storativity [S] is often estimated along with T by measuring water levels in adjacent observation wells, 
however S was not estimated during this study because observation wells were not monitored). 

It is necessary to use best professional judgement to select the data points used for the fitted line for T.  
For example, the drawdown portion of the test typically takes some time to reach a constant drawdown 
rate (see for example the upper [pumping] graph in BP-05S [Figure E-20]).  Furthermore, when pumps 
were shut off at the end of the drawdown phase, residual water in the discharge tubing above the pump 
likely flowed back into the well, which is a likely explanation of the data points seen above the fitted line 
in the early portions of the recovery phase (see for example the lower [recovery] graph in BP-05S, 
[Figure E-20]).  These data were not included in the analyses of T (and hence K).   

Data collected from wells that were drawdown tested and tidally influenced required correction to 
compensate for the changing ambient groundwater level over the duration of the test.  (The tidal 
correction was not necessary during slug testing because the slug test time is relatively short compared 
to water level changes due to tidal influence.)  The wells that were observed to be tidally influenced 
during the tidal study (see Appendix F) that were drawdown tested included LLMW-05D, LLMW-11D and 
LLMW-16D.  A tidal correction, based on the tidal efficiency observed at each well during the tidal study, 
was applied to the wells that were tidally influenced. 
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Aquifer Slug Test, MW-03S

Everett Smelter – Lowland Area

Figure E-1

Notes:

1. Slug Test conducted in Monitoring Well MW-03S on
1/30, 2013.

2. Overdamped slug test response analyzed using Bouwer
& Rice (1976) method.

3. Formation thickness, B = 12.8 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-03D

Everett Smelter – Lowland Area

Figure E-2

Notes:

1. Slug Test conducted in Monitoring Well MW-03D on
1/30, 2013.

2. Underdamped slug test response analyzed using
Butler & Garnett (2000) method for High-K.

3. Formation thickness, B = 30.8 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-11S

Everett Smelter – Lowland Area

Figure E-3

Notes:

1. Slug Test conducted in Monitoring Well MW-11S on
1/31, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 8.5 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test 1, MW-11D

Everett Smelter – Lowland Area

Figure E-4

Notes:

1. Slug Test conducted in Monitoring Well MW-11D on
1/29, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 17.7 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test 2, MW-11D

Everett Smelter – Lowland Area

Figure E-5

Notes:

1. Slug Test conducted in Monitoring Well MW-11D on
1/31, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 21.1 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-12S

Everett Smelter – Lowland Area

Figure E-6

Notes:

1. Slug Test conducted in Monitoring Well MW-12S on
1/30, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 9.4 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-12D

Everett Smelter – Lowland Area

Figure E-7

Notes:

1. Slug Test conducted in Monitoring Well MW-12D on
1/30, 2013.

2. Underdamped slug test response analyzed using Butler
& Garnett (2000) method for High-K.

3. Formation thickness, B = 25.7 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-16S

Everett Smelter – Lowland Area

Figure E-8

Notes:

1. Slug Test conducted in Monitoring Well MW-16S on
1/29, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 9.9 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-16D

Everett Smelter – Lowland Area

Figure E-9

Notes:

1. Slug Test conducted in Monitoring Well MW-16D on 2/1,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 33.3 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-22S

Everett Smelter – Lowland Area

Figure E-10

Notes:

1. Slug Test conducted in Monitoring Well MW-22S on
1/30, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 8.8 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-22D

Everett Smelter – Lowland Area

Figure E-11

Notes:

1. Slug Test conducted in Monitoring Well MW-22D on
1/30, 2013.

2. Underdamped slug test response analyzed using Butler
& Garnett (2000) method for High-K.

3. Formation thickness, B = 27.1 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, MW-27D

Everett Smelter – Lowland Area

Figure E-12

Notes:

1. Slug Test conducted in Monitoring Well MW-27D on
1/30, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 18.2 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, EV-22A

Everett Smelter – Lowland Area

Figure E-13

Notes:

1. Slug Test conducted in Monitoring Well EV-22A on 2/1,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 15.1 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, EV-22B

Everett Smelter – Lowland Area

Figure E-14

Notes:

1. Slug Test conducted in Monitoring Well EV-22B on 2/1,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 25.2 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, BP-05S

Everett Smelter – Lowland Area

Figure E-15

Notes:

1. Slug Test conducted in Monitoring Well BP-05S on 1/31,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 14.6 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, BP-05D

Everett Smelter – Lowland Area

Figure E-16

Notes:

1. Slug Test conducted in Monitoring Well BP-05D on
1/31, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 27.2 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, BP-05D2

Everett Smelter – Lowland Area

Figure E-17

Notes:

1. Slug Test conducted in Monitoring Well BP-05D2 on
1/31, 2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 6 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, BP-08S

Everett Smelter – Lowland Area

Figure E-18

Notes:

1. Slug Test conducted in Monitoring Well BP-08S on 2/1,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 13.9 feet used to calculate
hydraulic conductivity, K.
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Aquifer Slug Test, BP-08D

Everett Smelter – Lowland Area

Figure E-19

Notes:

1. Slug Test conducted in Monitoring Well BP-08D on 2/1,
2013.

2. Overdamped rising-head slug test response analyzed
using Bouwer & Rice (1976) method.

3. Formation thickness, B = 26.4 feet used to calculate
hydraulic conductivity, K.
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Aquifer Pumping Test 1 at BP-05S

Everett Smelter – Lowland Area

Figure E-20

Notes:

1. Pumping test conducted in Monitoring Well BP-05S on
1/31/2013. Pumping rate, Q = 2 gpm.

2. Drawdown data analyzed using the Cooper-Jacob
(1946) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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Aquifer Pumping Test 2 at BP-05S

Everett Smelter – Lowland Area

Figure E-21

Notes:

1. Pumping test conducted in Monitoring Well BP-05S on
2/1/2013. Pumping rate, Q = 1.5 gpm.

2. Drawdown data analyzed using the Cooper-Jacob
(1946) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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Aquifer Pumping Test at BP-05D

Everett Smelter – Lowland Area

Figure E-22

Notes:

1. Pumping test conducted in Monitoring Well BP-05D on
1/31/2013. Pumping rate, Q = 1.5 gpm.

2. Drawdown data analyzed using the Cooper-Jacob
(1946) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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Aquifer Pumping Test at BP-05D2

Everett Smelter – Lowland Area

Figure E-23

Notes:

1. Pumping test conducted in Monitoring Well BP-05D2
on 1/31/2013. Pumping rate, Q = 1.5 gpm.

2. Drawdown data analyzed using the Cooper-Jacob
(1946) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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Aquifer Pumping Test at MW-11S

Everett Smelter – Lowland Area

Figure E-24

Notes:

1. Pumping test conducted in Monitoring Well MW-11S on
1/31/2013. Pumping rate, Q = 1.5 gpm.

2. Drawdown data analyzed using Logan (1964) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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Aquifer Pumping Test at MW-11D

Everett Smelter – Lowland Area

Figure E-25

Notes:

1. Pumping test conducted in Monitoring Well MW-11D on
1/31/2013. Pumping rate, Q = 1.5 gpm.

2. Drawdown data was analyzed with Papadopulos-
Cooper (1967) method using AQTESOLV.

3. T = Transmissivity, K = Hydraulic Conductivity.

4. Formation thickness, B = 35 feet, used to calculate K.

Pumping and Recovery

0. 14. 28. 42. 56. 70.
-0.02

0.044

0.108

0.172

0.236

0.3

Time (min)

D
is

pl
ac

em
en

t (
ft)

Obs. Wells

MW11D

Aquifer Model

Confined

Solution

Papadopulos-Cooper

Parameters

T  = 867.1 ft2/day
S  = 0.0003957
r(w) = 0.667 ft
r(c)  = 0.083 ft

K    = 24.8 ft/day

05
04

-0
68

-0
0

Ap
pe

nd
ix

 E
Ju

ly
 2

01
3



Aquifer Pumping Test at MW-16D

Everett Smelter – Lowland Area

Figure E-26

Notes:

1. Pumping test conducted in Monitoring Well MW-16D on
2/1/2013. Pumping rate, Q = 2 gpm.

2. Drawdown data analyzed using the Cooper-Jacob
(1946) method.

3. Recovery analyzed by the Theis (1935) Recovery
Method.

4. T = Transmissivity, K = Hydraulic Conductivity.

5. Formation thickness, B = 35 feet, used to calculate K.
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APPENDIX F 
TIDAL STUDY 

Purpose and Objectives 

The purpose of the tidal study was to evaluate the influence of Snohomish River water level fluctuations 
on groundwater conditions at the Everett Smelter Lowland Site to support hydrogeologic conceptual site 
modeling and evaluation of contaminant fate and transport in groundwater.  Water level fluctuations in 
the Snohomish River in the vicinity of the Site were due to tidal fluctuations of Puget Sound during the 
tidal study. 

The tidal study was conducted to achieve the following objectives: 

■ To identify and analyze the extent, if any, of tidal response that may reflect such variables as: 

 Aquifer in which wells are completed (i.e., the shallow aquifer versus the deep aquifer). 

 Confined/unconfined conditions (i.e., wells exhibiting unconfined water-table responses 
versus wells exhibiting confined or leaky-confined aquifer responses). 

■ To provide a better understanding of measured groundwater levels, groundwater gradients, and their 
relative degree of variation under tidal influence at the site. 

■ To estimate values for aquifer apparent hydraulic diffusivity and transmissivity (T).  The estimated 
values were combined with other information to estimate average hydraulic conductivity (K). 

The objectives were achieved by performing a tidal study using a selected subset of Lowland monitoring 
wells as representative indicators of the groundwater response at the Site.   

River Level Fluctuations 

Puget Sound experiences daily tides that feature complex double highs and lows of uneven magnitude 
during each full tidal cycle.  This pattern is caused by dominant diurnal and semidiurnal lunar/solar cycles 
that combine to create what is known as a mixed tide (also called a bichromatic tide).  This pattern 
features a continuously changing pattern of primarily high and low tides, with smaller secondary high and 
low tides mixed in the cycle through each month.  The pattern strongly affects the surface water level of 
the Snohomish River in the vicinity of the Site due to proximity to Puget Sound.  A portion of the monthly 
pattern can be seen in the measured tidal data collected for this study from the water-level sensor 
installed in the Snohomish River near monitoring well pair LLMW-08S/D (Figure F-1a).   (All elevations are 
relative to NAVD 88). 

An additional potential source of River level fluctuation is response to varying precipitation or snowmelt.  
Records of the surface water level of the Snohomish River at the Monroe, Washington (USGS monitoring 
station number 12150800) were reviewed to evaluate if this potentially confounding variable needed to 
be taken into account during the tidal study.  During the tidal study, the water level of the Snohomish 
River at the upgradient station changed by less than 1.5 feet over a one week period, presumably due to 
factors other than tides (i.e., presumably due to varying precipitation or snowmelt).  Given that the 
fluctuations observed in the Snohomish River adjacent to the Site at the time of the study was on the 
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order of 12 feet, and that these changes typically took place over periods of hours, it can be assumed 
that the River level fluctuations at the site were largely attributed to tidal fluctuations of Puget Sound. 

Methodology 

Aquifers that are hydraulically connected to tidal surface waters typically show a progressively attenuated 
and delayed tidal response with increasing distance from the shoreline.  In order to evaluate tidal-
groundwater hydraulic connection at the Site, twelve monitoring wells, oriented perpendicular to the 
shoreline, were selected to provide a representative hydrogeologic cross section of the portion of the 
Lowland Area downgradient of the former smelter.  The selected wells included BP-05S, BP-05D, 
LLMW-06S, LLMW-06D, BP-08S, BP-08D, LLMW-11S, LLMW-11D, LLMW-12S, LLMW-12D, LLMW-13S 
and LLMW-13D.  Each of the tidal study wells was equipped with a water-level sensor consisting of a 
piezoelectric pressure transducer and automated datalogger (transducer/datalogger) programmed to 
record water pressure (head) above the sensor every minute over a period of eight days from February 5 
through 13, 2013. 

The following data collection field procedures were followed for the tidal study: 

■ Prior to installation, the transducer/datalogger was pre-programmed to record pressure head at every 
minute from 08:00 am on Tuesday, February 5, until 08:00 am on Wednesday, February 13, 2013 
(eight days).  Programming was performed using one computer only and time-synced to the clock on 
that computer.  

■ As a check on the transducer/datalogger, and to account for instrument drift, the water level was 
measured at the beginning and end of the tidal study using a decontaminated electronic water level 
indicator (“e-tape”).  All measurements were made from a surveyed reference mark on the top of 
each well casing.  

■ One transducer/logger was installed as a tidal gauge near well pair LLMW-08S/D to directly measure 
the river level of the Snohomish River, and one sensor was installed in an on-site cargo container to 
record the barometric pressure.  The cargo container was vented to the atmosphere (i.e., not air 
tight).  

■ All materials were decontaminated in general accordance with the project Sampling and Analysis Plan 
(SAP) dated September 27, 2012. 

At the conclusion of the study, all sensors were returned to GeoEngineers for data Processing.  

Tidally Influenced Groundwater Levels 

The groundwater level data collected in each of the tidal study wells were reduced to NAVD 88 and 
plotted along with the water level in the Snohomish River for comparison of groundwater elevation and 
tidal trends during the study period.  These comparative plots are shown in the “a” portion of Figures F-2 
through F-15 (F-2a through F-15a) over the full period of the tidal study.   

The shallow aquifer wells exhibited little to no response to tidal changes as shown in Figures F-8 through 
F-13.  However, all of the deep aquifer wells (BP-05D, BP-08D, LLMW-06D, LLMW-11D, LLMW-12D and 
LLMW-13D) were observed to be tidally influenced (Figures F-2 through F-7).  For each of these wells, the 
tidal data was examined in more detail to obtain a match with the Snohomish River tide data.  This was 
achieved by applying a double transformation that varies (1) the time lag, which represents the time for 
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propagation of the tidal effect through the aquifer from the River to the well, and (2) the stage ratio, which 
shows the relative degree of effect tidal changes in the River had on groundwater at the well during the 
study period.  These values were estimated visually using the following procedure: 

■ TIME LAG was determined by shifting the Date/Time scale (x-axis) of the groundwater record 
backwards relative to the tidal record from the Snohomish River until the respective peaks and 
troughs matched.  The value of time (in hours and minutes) indicated on the secondary axis 
represents the time lag or phase shift.   

■ STAGE RATIO was determined by expanding and shifting the elevation scale (y-axis) of the groundwater 
plot relative to the tidal plot from the Snohomish River, until the respective amplitudes matched.  (As 
the Snohomish River record is truncated below Elevation 0.1 feet, the low tide level was estimated 
based on the shape of the curve.)  The value of stage ratio is calculated as the ratio of secondary axis 
length (in feet), divided by the primary axis length (12 feet) and expressed as a percentage.   

The time lag and stage ratio for each well was determined over a period of two tidal cycles during the 
study, and the raw data are shown on Figures F-14 through F-26.  The data are summarized in Table F-1 
below.  

TABLE F-1 

Monitoring 
Well 

Distance from 
Shoreline (ft) 

Mean Groundwater 
Elevation (ft; NAVD88) 

Time Lag  
(hours) 

Stage Ratio  
(%) 

MW11D 49 6.0 0.6 77 

MW06D 361 6.5 1.4 55 

MW13D 604 6.1 1.7 54 

MW12D 1,013 6.5 2.6 44 

BP05D 1,483 7.6 3.4 29 

BP08D 1,699 8.4 4.1 30 

 

The wells completed in the deep aquifer that were monitored as part of the Lowland Area study show a 
marked tidal influence that reflects the mixed tide cycle measured in the Snohomish River (Figures F-2 
through F-7), whereas wells completed in the shallow aquifer show only minimal or no tidal influence 
(Figures F-8 through F-13).  Mean groundwater elevations for a selected 72-hour portion of the hourly tide 
cycle data were calculated using the Serfes (1991) method (Figures F-2 through F-13), which gives the 
mean of a subset of 25-point moving averages (Yj) calculated from 48 24-point moving averages (Xi).  The 
mean groundwater elevations calculated for the shallow wells are higher than the mean groundwater 
elevations for the deep wells, indicating there is a net downward gradient.  The results also indicate the 
shallow aquifer does not appear to be hydraulically connected to the deep aquifer in the locations tested.     

Estimation of Hydraulic Parameter 

Deep Aquifer Discharge 

The time lag and stage ratio data from the tidal study were further analyzed to estimate diffusivity of the 
deep aquifer (diffusivity for the shallow aquifer could not be estimated because there was no time lag or 
stage ratio data because the shallow aquifer was not tidally influenced).  A method originally developed by 
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Ferris (1951) was used, whereby time lag and stage ratio is plotted against the horizontal distance 
between the well and the shoreline (Figure F-14).  Both plots (time lag and stage ratio) showed excellent 
correlation among the data for the deep wells, with strong trends of increasing time lag and decreasing 
stage ratio with greater distance from the shoreline.   

The slopes of the trend lines shown in Figure F-14 are directly proportional to the apparent hydraulic 
diffusivity of the deep aquifer, with diffusivity being the ratio of transmissivity to storativity (T/S): 

■ Aquifer diffusivity based on time lag: 8.45 x 107 gpd/ft 

■ Aquifer diffusivity based on stage ratio: 7.00x 107 gpd/ft 

The calculations above are predicated on the validity of the Ferris (1951) method and the presumed 
dominance of the diurnal tidal effect, with a period of just under 24 hours, representing the main 
lunar-solar diurnal tide component in the Puget Sound.   

In order to calculate the transmissivity for the deep aquifer using the above hydraulic diffusivity values, 
the following two key assumptions were made:  

■ The average thickness for the deep aquifer is 35 feet.  This value is based on an apparent confining 
layer observed during drilling of well BP-05D2.   

■ The deep aquifer storativity is 0.0001.  The storativity value of 0.0001 was assumed based on the 
observed confined-like response of groundwater to tidal changes.  This represents groundwater 
conditions in the deep aquifer that are effectively confined by the overlying aquitard that separates 
the perched shallow aquifer.  It also implicitly assumes that there is no significant leakage occurring 
through the aquitard.  This is consistent with an elastic or pressure response to tidal fluctuations that 
propagate a substantial distance inland, as was observed during the tidal study. 

Assuming a small value for the storativity of the deep aquifer, 0.0001, the transmissivity of the aquifer is 
between 936 and 1,129 ft²/day (or between 7,000 and 8,450 gpd/ft).  Assuming an average thickness 
of 35 feet for the deep aquifer, the average hydraulic conductivity (K) for the deep aquifer is estimated to 
be between 27 and 32 ft/day (or between 200 and 241 gpd/ft²).  (Note: these calculations are directly 
dependent on the assumed values for aquifer storativity and thickness.) 
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Serfes Tidal Analysis at Tidal Gauge

Everett Smelter – Lowland Area

Figure F-1
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly tidal elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013

Notes:



1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013

5. Distance to Shoreline: 48.8 feet

Notes: Serfes Tidal Analysis at MW-11D

Everett Smelter – Lowland Area

Figure F-2
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 361 feet

Notes:
Serfes Tidal Analysis at MW-06D

Everett Smelter – Lowland Area

Figure F-3
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 604 feet

Notes: Serfes Tidal Analysis at MW-13D

Everett Smelter – Lowland Area

Figure F-4
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,013 feet

Notes: Serfes Tidal Analysis at MW-12D

Everett Smelter – Lowland Area

Figure F-5
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,483 feet

Notes: Serfes Tidal Analysis at BP-05D

Everett Smelter – Lowland Area

Figure F-6
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,699 feet

Notes: Serfes Tidal Analysis at BP-08D

Everett Smelter – Lowland Area

Figure F-7
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 48.3 feet

Notes: Serfes Tidal Analysis at MW-11S

Everett Smelter – Lowland Area

Figure F-8
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 358 feet

Notes: Serfes Tidal Analysis at MW-06S

Everett Smelter – Lowland Area

Figure F-9
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 601 feet

Notes: Serfes Tidal Analysis at MW-13S

Everett Smelter – Lowland Area

Figure F-10

‐2

0

2

4

6

8

10

12

2/5/2013 2/6/2013 2/7/2013 2/8/2013 2/9/2013 2/10/2013 2/11/2013 2/12/2013 2/13/2013 2/14/2013

G
ro
u
n
d
w
at
e
r 
o
r 
St
ag
e 
El
e
va
ti
o
n
 (
ft
 N
A
V
D
8
8
)

Date

(a) MW‐13S Hydrograph and Snohomish River Estuary Tide

Stage Groundwater

9.6

9.7

9.8

9.9

10

10.1

0 8 16 24 32 40 48 56 64 72 80

G
ro
u
n
d
w
at
e
r 
El
ev
at
io
n
 (
ft
 N
A
V
D
8
8
)

Time (Hour)

(b) Serfes Tidal Analysis of MW‐13S

Hourly GW Elevation

Moving Means Xi

Moving Means Yj

Mean GW Elevation

Reference: Technical Analysis > Tidal Study > Everett Mean GW Elev.xlsx05
04

-0
68

-0
0 

Ap
pe

nd
ix

 F
Ju

ly
 2

01
3



1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,016 feet

Notes: Serfes Tidal Analysis at MW-12S

Everett Smelter – Lowland Area

Figure F-11
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,483 feet

Notes:
Serfes Tidal Analysis at BP-05S

Everett Smelter – Lowland Area

Figure F-12
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1. Method based on Serfes (1991)

2. Xi: 48 means from moving average of 24 hourly GW elevation

3. Yj: 25 means from moving average of 24 means over the 48 Xi

4. Time in hours is from 1500 on 2/5/2013 

5. Distance to Shoreline: 1,699 feet

Notes: Serfes Tidal Analysis at BP-08S

Everett Smelter – Lowland Area

Figure F-13
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Reference: Technical Analysis > Tidal Study > Everett Tidal match.xlsx.

Ferris Tidal Analysis

Everett Smelter – Lowland Area

Figure F-14
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Distance to Shoreline: 48.8 feet1.
Notes:

Ferris Tidal Analysis at MW-11D

Everett Smelter – Lowland Area

Figure F-15
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Distance to Shoreline: 361 feet1.
Notes:

Ferris Tidal Analysis at MW-06D

Everett Smelter – Lowland Area

Figure F-16
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Distance to Shoreline: 604 feet1.
Notes:

Ferris Tidal Analysis at MW-13D

Everett Smelter – Lowland Area

Figure F-17
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Distance to Shoreline: 1,013 feet1.
Notes:

Ferris Tidal Analysis at MW-12D

Everett Smelter – Lowland Area

Figure F-18
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Distance to Shoreline: 1,483 feet1.
Notes:

Ferris Tidal Analysis at BP-05D

Everett Smelter – Lowland Area

Figure F-19
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Distance to Shoreline: 1,699 feet1.
Notes:

Ferris Tidal Analysis at BP-08D

Everett Smelter – Lowland Area

Figure F-20
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Distance to Shoreline: 48.3 feet1.
Notes:

Ferris Tidal Analysis at MW-11S

Everett Smelter – Lowland Area

Figure F-21

2/5/2013 2/6/2013 2/7/2013 2/8/2013 2/9/2013 2/10/2013 2/11/2013 2/12/2013

‐2

0

2

4

6

8

10

‐2

0

2

4

6

8

10

2/5/2013 2/6/2013 2/7/2013 2/8/2013 2/9/2013 2/10/2013 2/11/2013 2/12/2013

G
ro
u
n
d
w
at
e
r 
El
e
va
ti
o
n
 (
ft
 N
A
V
D
8
8
)

Ti
d
al
 E
le
va
ti
o
n
 (
ft
 N
A
V
D
88
)

Date

(a) MW‐11S Hydrograph and Snohomish River Estuary Tide

Reference: Technical Analysis > Tidal Study > Everett Tidal match.xlsx.

2/5/13 14:24 2/6/13 2:24 2/6/13 14:24 2/7/13 2:24 2/7/13 14:24

8.25

8.3

8.35

8.4

8.45

8.5

8.55

‐2

0

2

4

6

8

10

2/5/13 14:24 2/6/13 2:24 2/6/13 14:24 2/7/13 2:24 2/7/13 14:24

G
ro
u
n
d
w
at
e
r 
El
e
va
ti
o
n
 (
ft
 N
A
V
D
8
8)

Ti
d
al
 E
le
va
ti
o
n
 (
ft
 N
A
V
D
8
8
)

Date

(b) Ferris Tidal Analysis of MW‐11S

Stage Ratio  < 3%; 
Time Lag: Indeterminate

05
04

-0
68

-0
0

Ap
pe

nd
ix

 F
Ju

ly
 2

01
3



Distance to Shoreline: 358 feet1.
Notes:

Ferris Tidal Analysis at MW-06S

Everett Smelter – Lowland Area

Figure F-22
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Distance to Shoreline: 601 feet1.
Notes:

Ferris Tidal Analysis at MW-13S

Everett Smelter – Lowland Area

Figure F-23
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Distance to Shoreline: 1,016 feet1.
Notes:

Ferris Tidal Analysis at MW-12S

Everett Smelter – Lowland Area

Figure F-24
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Distance to Shoreline: 1,483 feet1.
Notes:

Ferris Tidal Analysis at BP-05S

Everett Smelter – Lowland Area

Figure F-25
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(a) BP‐05S Hydrograph and Snohomish River Estuary Tide

Reference: Technical Analysis > Tidal Study > Everett Tidal match.xlsx.
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Distance to Shoreline: 1,699 feet1.
Notes:

Ferris Tidal Analysis at BP-08S

Everett Smelter – Lowland Area

Figure F-26
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APPENDIX G 
REPORT LIMITATIONS AND GUIDELINES FOR USE2  

This appendix provides information to help you manage your risks with respect to the use of this 
report.  

Environmental Services are Performed for Specific Purposes, Persons and Projects 

GeoEngineers has performed this investigation of the Everett Smelter – Lowland Area in general 
accordance with the scope and limitations of our proposal, dated July 3, 2012.  This report has 
been prepared for the exclusive use of Washington State Department of Ecology, and their 
authorized agents.  This report is not intended for use by others, and the information contained 
herein is not applicable to other properties. 

GeoEngineers structures our services to meet the specific needs of our clients.  For example, an 
ESA study conducted for a property owner may not fulfill the needs of a prospective purchaser of 
the same property.  Because each environmental study is unique, each environmental report is 
unique, prepared solely for the specific client and property.  No one except Washington State 
Department of Ecology should rely on this environmental report without first conferring with 
GeoEngineers.  Use of this report is not recommended for any purpose or project except the one 
originally contemplated. 

This Environmental Report is Based on a Unique Set of Project-Specific Factors 

This report has been prepared for the Everett Smelter – Lowland Area.  GeoEngineers considered a 
number of unique, project-specific factors when establishing the scope of services for this project 
and report.  Unless GeoEngineers specifically indicates otherwise, it is important not to rely on this 
report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site explored, or 

■ completed before important project changes were made. 

If important changes are made to the project or property after the date of this report, we 
recommend that GeoEngineers be given the opportunity to review our interpretations and 
recommendations.  Based on that review, we can provide written modifications or confirmation, as 
appropriate. 

                                                            

2 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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Reliance Conditions for Third Parties 

Our report was prepared for the exclusive use of our Client.  No other party may rely on the product 
of our services unless we agree to such reliance in advance and in writing.  This is to provide our 
firm with reasonable protection against open-ended liability claims by third parties with whom there 
would otherwise be no contractual limits to their actions.  Within the limitations of scope, schedule 
and budget, our services have been executed in accordance with our Agreement with the Client 
and generally accepted environmental practices in this area at the time this report was prepared. 

Environmental Regulations are Always Evolving  

Some substances may be present in the vicinity of the subject property in quantities or under 
conditions that may have led, or may lead, to contamination of the subject property, but are not 
included in current local, state or federal regulatory definitions of hazardous substances or do not 
otherwise present current potential liability.  GeoEngineers cannot be responsible if the standards 
for appropriate inquiry, or regulatory definitions of hazardous substances, change or if more 
stringent environmental standards are developed in the future. 

Conditions Can Change 

This environmental report is based on conditions that existed at the time the study was performed.  
The findings and conclusions of this report may be affected by the passage of time, by man-made 
events such as construction on or adjacent to the subject property, by new releases of hazardous 
substances, or by natural events such as floods, earthquakes, slope instability or groundwater 
fluctuations.  Please contact GeoEngineers before applying this report for its intended purpose so 
that GeoEngineers may evaluate whether changed conditions affect the continued applicability of 
the report.  

Most Environmental Findings are Professional Opinions 

Our interpretations of site conditions are based on field observations and analytical data from 
widely spaced sampling locations at the subject property.  Site exploration identifies subsurface 
conditions only at those points where subsurface tests are conducted or samples are taken.  
GeoEngineers reviewed field and laboratory data and then applied our professional judgment to 
render an informed opinion about subsurface conditions throughout the property.  Actual 
subsurface conditions may differ, sometimes significantly, from those indicated in this report.  Our 
report, conclusions and interpretations should not be construed as a warranty of the subsurface 
conditions.   

Read These Provisions Closely 

It is important to recognize that the geoscience practices (geotechnical engineering, geology and 
environmental science) are less exact than other engineering and natural science disciplines.  
Without this understanding, there may be expectations that could lead to disappointments, claims 
and disputes.  GeoEngineers includes these explanatory “limitations” provisions in our reports to 
help reduce such risks.  Please confer with GeoEngineers if you need to know more about how 
these “Report Limitations and Guidelines for Use” apply to your project or property. 
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