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EXECUTIVE SUMMARY 

This report describes the findings of a recent investigation to provide additional 

characterization of the nature and extent of contamination in the lowland area portion of 

the Everett Smelter Site. The Everett Smelter Site, which is located in northeast Everett, 

Washington, was established by Ecology in 1990 as a result of a former smelter facility 

that operated from 1894 to 1912. Ecology has divided the Everett Smelter Site into two 

investigation areas, the upland area and the lowland area. The upland area's remedial 

investigation and feasibility study were completed in 1995. 

Ecology has defined the lowland area as the area at the base of the bluff immediately east 

of East Marine View Drive and extending eastward to the Snohomish River. This area is 

and has been historically used for industrial activities. The lowland area still has 

remnants of the original slag pile at the base of the bluff. Environmental conditions in the 

lowland area have been evaluated in previous investigations. 

The recent additional characterization described in this report was designed to fulfill the 

requirements specified in Enforcement Order DE97TC-N119, Task 6 issued by the 

Washington Department of Ecology: 

"to complete characterization of the nature and extent of contamination in the 

lowland portion of the site (the area between the base of the bluff below East 

Marine View Drive and the Snohomish River) and its relationship to the upland 

area. In addition, the supplemental remedial investigation will be used to install 

monitoring wells which will be used to provide long-term monitoring of ground 

water during and after cleanup activities." 

In addition to completing the remedial investigation for the lowland area, Asarco and 

Ecology agreed to integrate relevant results from the smelter area and storm water 

investigations into this report. This effort allows for a better evaluation of the 
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relationship between conditions in the lowland and upland areas. It also eliminates the 

need to finalize the draft Supplemental Investigation of the Everett Smelter Site Lowland 

Area report, which was submitted in 1996. 

The additional characterization recently conducted entailed collection and analyses of 

soil, slag, groundwater, and surface water samples. It also included using a geophysical 

technique to identify potential groundwater flow paths connecting the upland area to the 

lowland area, installation of several new groundwater monitoring wells, and aquifer 

testing. 

The principal findings of the additional characterization along with previous 

investigations are: 

Soil 

The maximum concentrations of arsenic in soil occur in upland soils (fillltill unit), 

within or immediately adjacent to the fenced area. The smelter area investigation 

established that maximum arsenic concentrations in soils are associated with 

residual materials in the immediate area of former arsenic processing facilities and 

include flue dust and arsenic trioxide. Leach test results indicate that these 

materials contain high concentrations of leachable arsenic that can potentially be 

mobilized if contacted by infiltrating water. 

Soil samples collected from the bluff separating the upland and lowland areas 

were significantly lower in arsenic than the upland area soils with concentrations 

ranging from 5 to 446 mgikg. The highest concentrations were from sites at the 

base of the bluff. 

The highest soil arsenic concentrations in the lowland area were present in 

samples from the slag pile and surrounding fill. Concentrations of arsenic in 

excess of 1,000 mgikg were also detected in a thin peat layer that was encountered 

between the fill and underlying silt units on the Benson Property south of the slag 

pile. The peat layer was found to extend south to EV-16. Boyd Benson had 

additional borings completed in the area south of EV-16 (LB-21, 22 and 23). 
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None of these borings reportedly encountered this peat layer and soil arsenic 

concentrations were all less than the 200 mgtkg MTCA Method A Industrial 

cleanup level to a depth of 15.5 feet. 

An area of slightly elevated soil arsenic concentrations (100 to 500 mgtkg) was 

delineated at the north end of the Port of Everett property. 

Groundwater 

The groundwater flow conditions identified in previous investigations have been 

confirmed and refined by the additional data collected for this recent 

investigation. Groundwater interactions between the upland area 

hydrostratigraphic units and the lowland area groundwater systems have not been 

specifically quantified, but water level relationships and chemistry data from 

monitoring wells and surface water stations provide evidence of flow and arsenic 

transport from the upland area to the lowland area. 

Monthly monitoring of water levels over the last several years show that thin 

zones of saturation occasionally develop at the top of the till unit in the upland 

during wet seasons. Sampling conducted at EV-11 and EV-13, has shown 

dissolved arsenic concentrations of 25 to 47 mgL. 

Water quality data from additional monitoring wells installed in the upland area 

during this investigation show the presence of a narrow plume of arsenic in the 

deep outwash groundwater system in the area downgradient of EV-13. These 

arsenic concentrations, and the plume location within the outwash aquifer are also 

consistent with downgradient arsenic plumes in the shallow and deep lowland 

groundwater systems. 

Concentrations of 0.1 to 3 mgL dissolved arsenic were detected in shallow 

groundwater in the slag pile area. The highest concentration was observed at 

EV-17A immediately adjacent to the bluff. The arsenic plume at EV-17A appears 

to be a continuation of the upland area outwash system arsenic plume described 
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above. Arsenic concentrations in the slag pile area decrease to near the detection 

limit east of the BNSF switchyard tracks. 

While there is an overall eastward gradient toward the Snohomish River in the 

shallow lowland area groundwater system, groundwater flow appears to be 

northerly in the area between the bluff and the BNSF switchyard tracks. This 

northward flow reflects the discharge of groundwater to the surface drainages and 

wet areas, which subsequently discharge across the BNSF tracks near the SR-529 

interchange. 

An area of elevated arsenic in shallow groundwater (dissolved arsenic of 0.21 to 

0.56 mg/L) was delineated on the north end of the Port of Everett property. 

Groundwater arsenic concentrations at surrounding upgradient and downgradient 

sites were comparatively low (0.007 mg/L or less). 

Sampling confirmed the previous delineation of a narrow arsenic plume in the 

deep groundwater system. This plume is directly downgradient of, and 

contiguous with the arsenic plume defined in the upland area outwash system. 

Arsenic concentrations in the deep plume decrease to <0.005 mg/L at monitoring 

well EV-21B on the Port of Everett property. In addition, arsenic concentrations 

are less than 0.005 mg/L at shoreline monitoring wells. 

Surface WaterIStorm Water 

Storm water containing arsenic enters the City's sewer system during the wet 

season. The highest arsenic concentration (39 mg/L from MH-7) was observed at 

a storm water sewer coming from the fenced area in the alley between Pilchuck 

Path and East Marine View Drive. The majority of the arsenic load to the City's 

combined storm waterlsewer system in this area appears to be attributable to 

short-term groundwater infiltration to the sewer system in the period immediately 

following storm water events. 

The highest arsenic concentrations in surface water runoff were observed in a 

series of seeps that developed along the northeast boundary of the fenced area 

\ \HYDRORUSI\Work\Tac-Secl\FILES\008\0030\WO\vised draft RI repondoc 
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during January through early March of 1999. Elevated arsenic concentrations of 

up to 21 mg/L were detected in these upland area seeps. The runoff associated 

with the seeps entered the SR-529 overpass catch basin system, which discharges 

to the lowland area via the City outfall. These seeps accounted for the majority of 

the arsenic load observed in surface water runoff. 

Arsenic concentrations were consistently low (<0.005 mg/L to 0.013 mg/L) at 

catch basin sites in the surrounding residential areas. 

Weyerhaeuser storm water improvements re-established a surface water outfall to 

the Snohomish River in 1998. Detectable arsenic concentrations (up to 

0.097 mg/L) were measured in discharge at this location. 

Investigations of Snohomish River sediment quality were performed by 

Weyerhaeuser in areas upriver, parallel and downriver from the former smelter 

facility. With the exception of one area near an outfall at the former 

Weyerhaeuser Mill EIKoppers Site (upriver from the former smelter facility), all 

arsenic concentrations were less than SQS or CSL criteria. 

Based on the integration and evaluation of information from several investigations, the 

following conclusions have been made: 

Soil - 
Recent investigations provide additional data which have allowed the delineation 

of arsenic and metals concentrations in lowland soil at the southern and northern 

boundaries of the lowland area. The resultant soil quality data and maps 

delineating arsenic and metals in lowland area soils provide a suitable basis for 

source area delineation. 

Soils showing elevated arsenic and metals are generally present in areas where 

smelter facility activities are known to have occurred (i.e. the slag pile vicinity) or 

where smelter soils have been placed as fill material (i.e. the south bound SR-529 

overpass lane and in the access mmp to the Port of Everett property). Some 

localized areas with elevated arsenic and metals also occur on the former 

\\HYDRORUSI\W~~~\T~~-S~~~\FILES\~~~\OO~O\WORD\RI\~C~~~~~ draft RI repon.doc . . . 
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Weyerhaeuser sites. Sources of arsenic at these locations are not readily apparent 

in all cases. 

Groundwater 

With the addition of data from 16 new monitoring wells and 17 new hydropunch 

sampling locations, the concentrations of arsenic and metals in the shallow and 

deep groundwater systems have been delineated. Data from the monitoring wells 

and hydropunch locations define the extent of arsenic and metals in shallow 

groundwater, and confirm the shape of the arsenic plume in the deep groundwater 

system east of BNSF railroad tracks. Additional data also confirm that arsenic 

plumes in shallow groundwater in the slag pile vicinity and in the deep lowland 

area groundwater system do not extend to the Snohomish River. 

An arsenic plume has also been identified in the upland area. The location of the 

plume and the magnitude of arsenic concentrations within the plume suggest it is 

an upland extension of plumes previously defined in the lowland area and that the 

principal source of arsenic is in the upland area (fenced area). 

Slag leach results show that the slag is a source of elevated pH and may also be a 

minor, relative to the contribution of the upland area, source of arsenic in shallow 

groundwater in the slag pile vicinity. 

Other sources may have contributed to elevated concentrations of arsenic but are 

no longer evident. 

Surface WaterfStorm Water 

Arsenic and metals concentrations have been delineated in surface runoff in the 

upland area and in surface water in the lowland area. The primary source of 

elevated arsenic concentrations in surface water in the upland area appears to be 

runoff from the fenced area, particularly where groundwater seeps form after 

periods of prolonged precipitation. 

\\HYDRORUS I\Work\Tac-Sect\flLES\008\0030\WORD\RI\revid draft RI xpn.doc 
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Short-term storm water andlor groundwater infiltration to the sewers within the 

fenced area also appear to be a source of arsenic loading. 

The surface drainage features in the lowland area intersect the shallow 

groundwater system and receive discharge from groundwater or recharge 

groundwater to varying degrees, depending on seasonal fluctuations in 

groundwater levels, storm events and runoff patterns, and the nature of the 

physical interconnections. 

The sources of arsenic in lowland area surface waters include discharge from the 

shallow groundwater system in the slag pile vicinity, flow from the City's outfall 

on the north side of the SR-529 overpass, and possibly, accumulated arsenic in 

lowland wet areas that is remobilized under certain conditions. Other sources may 

have contributed to the measured concentrations of arsenic but are no longer 

evident. 

Based on the groundwater and surface water transport analyses, primary sources 

of arsenic observed in lowland area surface water are groundwater discharge from 

the upland area and surface water runoff from the fenced area. Slag leaching may 

also be a relatively minor source to surface water in the lowland area. 

Future Remediation Activities 

Based upon the data presented in this report, it is likely that remediation activities 

currently planned for the former smelter area will be successful in intercepting and 

removing the current sources of metals to lowland area groundwater and surface water. 

Therefore, the best approach for addressing elevated arsenic concentrations in the 

lowland area is by the process of elimination beginning with the fenced area.. 
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1.0 INTRODUCTION 

ASARCO Incorporated (Asarco) has completed the additional characterization and 

monitoring investigation for the lowland area of the Everett Smelter Site (Site). The scope 

and intent of this recent investigative effort was provided in the Supplemental Remedial 

Investigation'Additional Characterization and Monitoring Work Plan for the Lowland Area 

(Asarco, 1998a). This investigation was designed to fulfill the requirements specified in 

Enforcement Order (EO) DE97TC-N119, Task 6 issued by the Washington Department of 

Ecology (Ecology) in 1997. 

The field work associated with the additional characterization and monitoring investigation 

for the lowland area was conducted in the fall of 1998 through the summer of 1999. The 

field work consisted of soil, surface water, and groundwater sample collection and analysis. 

Groundwater investigation included the application of a geophysics technology to identify 

potential flow paths, advancement and sampling of several hydropunch locations, installation • of several new monitoring wells, surveying elevations, and two rounds of groundwater 

sampling from the 48 monitoring well network. 

This report describes the findings of the additional characterization and monitoring 

investigation. In addition, relevant results of several other investigations have been 

integrated in this report to better evaluate the relationship of the lowland area to the upland 

area. This integrated data evaluation has been completed to assist in identifying potential 

sources of elevated arsenic detected in lowland area groundwater and surface water. 

1.1 SITE DESCRIPTION AND HISTORY 

The Everett Smelter Site (Site) is located in northeast Everett, Washington (see - Figure 1-1). 

The current Site study area, which is shown on Figure 1-2, includes the former smelter 

property and the surrounding area. The former Everett smelter was built in 1892 and was 

operated by the Puget Sound Reduction Company for the first ten years. Asarco purchased 

the smelter in 1903, operated it for about four years and then closed the lead smelting 
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operations. The arsenic roasting plant continued to operate until 1912 when the plant was 

permanently shut down and subsequently dismantled by 1915. Portions of the former smelter 

property were redeveloped for residential use in the 1930s and 1940s and construction of a 

road interchange at East Marine View Drive and State Route (SR) 529 occurred in 1956. A 

portion of the former smelter property has been purchased by Asarco and fenced off. 

The Site study area has increased in size over the last few years but was originally established 

by Ecology upon completing a pre-investigation in 1990 after an outcrop of slag was 

discovered on the bluff. In 1992, Ecology issued an EO to Asarco requiring Asarco to 

perform a remedial investigation (RI) and feasibility study (FS) and certain interim actions. 

The majority of the work conducted under the 1992 EO dealt with the upland area. Ecology 

therefore included a task to address the lowland area, Task 6, in the 1997 EO which required 

Asarco to further characterize the nature and extent of contamination in the lowland area. 

As shown on Figure 1-2, Ecology has divided the Site study area into two primary 

investigative areas: 1 .) the upland area, which includes the area above the bluff along the east 

side of East Marine View Drive and encompasses former smelting property and surrounding 

land; and 2.) the lowland area, which is the area between the base of the bluff below East 

Marine View Drive and the Snohomish River and includes the slag pile. A small portion of 

the lowland area was also former smelter property. The upland area is comprised of 

residential, commercial, and public properties. The lowland area is and has been historically 

used for industrial activities. Current property owners in the portion of the lowland area that 

were involved in the additional characterization and monitoring investigation are shown on 

Figure 1-3. 

The lowland area still has remnants of the original slag pile at the base of the bluff directly 

east of East Marine View Drive. Slag, which is a by-product of the lead smelting process, 

has been of particular interest because it represents a potential source of elevated arsenic in 

lowland area groundwater. It is believed that the slag was poured off the hillside in a molten 

state. It generally resembles a dark, fractured rock much like basalt, with color ranging from 
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gray to black, with occasional rusty surfaces due to oxidation of iron-bearing constituents. 

Slag is a hard material with a rough surface, and tends to break into sharp fragments when 

crushed. Its appearance can vary from massive to vesicular, the latter variety having been 

caused by entrapment of gas during the cooling process. The texture of slag can range from 

predominantly crystalline, which is the result of gradual cooling, to amorphous (i.e. vitrified 

or glassy) caused by rapid cooling. Due to its high hardness and lithification, slag is 

generally considered to be highly resistant to chemical and physical weathering. 

It appears that some slag had been removed since the smelting operation ceased in 1912 

based on the fact that the present outline of the slag deposit as determined by visual 

observation and borings is markedly different from the outline on a 1913 topographic map. 

The City of Everett (City) had the right to remove up to 4,000 yd3 of slag per year based on 

an agreement with Asarco signed in 1933. In addition, it is believed that the Cascade 

Insulation Company may have used slag in its rock wool manufacturing process which was 

located at the base of the slag pile (Asarco, 1995). Slag has been found at various locations 

other than the slag pile itself in the lowland area as well as in the upland area. 

Other than the bluff that contains the slag pile, the lowland area is generally a flat flood plain 

with a drainage ditch system that contains water throughout most of the year. Currently, the 

drainage ditch system extends from the base of the bluff to an outfall at the Snohomish River. 

Two principal aquifers exist including the fill (shallow) and alluvium (deep). An intervening 

silt layer forms a confining layer which limits flow between the shallow and deep aquifers. 

1.2 PURPOSE AND SCOPE OF ADDITIONAL CHARACTERIZATION AND 

MONITORING 

The objectives of the additional characterization and monitoring investigation for the lowland 

area as stated in Task 6 of the 1997 EO are: 

"complete characterization of the nature and extent of contamination in the lowland 

portion of the site (the area between the base of the bluff below East Marine View 

Drive and the Snohomish River) and its relationship to the upland area. In addition, 
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the supplemental remedial investigation will be used to install monitoring wells 

which will be used to provide long-term monitoring of ground water during and after 

cleanup activities." 

Specifically, the additional characterization and monitoring investigation addressed the 

following: 

Complete delineation of the southern boundary of elevated arsenic and metals for the 

shallow groundwater system and soil. 

Complete delineation of the northern boundary of elevated arsenic and metals for the 

shallow groundwater system. 

Conduct additional soil sampling in the bluff and on the Benson property in an area of 

potential development. 

Evaluate site-wide groundwater flow directions in the shallow and deep groundwater 

systems. 

Confirm previous hydropunch data collected in 1996 by installing monitoring wells. 

Define source(s) of arsenic plumes in the shallow and deep groundwater systems. 

Evaluate elevated pH levels in the shallow groundwater system and in soillslag. 

Research sediment data for the Snohomish River to determine whether additional data 

needs to be collected. 

Combine upland data with lowland data to evaluate site-wide fate and transport 

issues. 

Shortly after the EO was issued, Asarco and Ecology met to discuss other objectives of the 

additional characterization and monitoring investigation. It was agreed to integrate relevant 

results of several other investigations including previous lowland investigations, the smelter 

area investigation, and the storm water and storm drain sediment and controls investigation 

with the results of the additional characterization and monitoring investigation. This effort 

would better evaluate the relationship between conditions in the lowland and upland areas. 

This relationship is of special interest due to the potential that the upland area contains 
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a sources of the elevated arsenic concentrations detected in lowland area groundwater and 

surface water. In addition, this effort of combining all relevant results would replace the need 

for Ecology commenting on, and Asarco finalizing, the draft Supplemental Investigation of 

the Everett Smelter Site Lowland Area report (Asarco, 1996). 

This report is structured as follows: 

Section 1.0 Introduction. This section provides a description of the Site and history. In 

addition, this section presents the objectives of the recent investigation and of this report. 

Section 2.0 Summary of Previous Investigations. This section presents principal 

conclusions from four previous investigations that are relevant to the lowland area 

characterization. The four previous investigations are the initial remedial investigation for 

the Site, the supplemental lowland investigation, the smelter area investigation, and the storm 

water and storm drain sediment investigation. 

• Section 3.0 Investigation Methods for Additional Characterization and Monitoring. 

This section presents details on how the recent additional characterization and monitoring 

investigation was implemented. Information on the nature and types of samples collected is 

provided along with methods for sample collection, handling, and analysis. 

Section 4.0 Integrated Results of all Investigations. This section combines results from 

the four previous investigations that are relevant to the lowland area evaluation with the 

results of the recently performed additional characterization and monitoring investigation. 

Evaluations of soil, groundwater, and surface water conditions, as well as groundwater 1 

surface water interactions are presented. 

Section 5.0 Fate and Transport Analysis. This section describes potential source 

materials andlor areas that may be contributing to elevated arsenic concentrations in the . 
lowland area groundwater and surface water. Also, this section discusses storm water 
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loading estimates and reviews available data for Snohomish River sediments and City of 

Everett wastewater treatment plant biosolids. 

Section 6.0 Summary and Conclusions. This section provides a summary of the 

principal findings of the additional characterization and monitoring investigation for soil, 

groundwater, and surface water. This section also summarizes the analyses performed to 

evaluate the relationship of the lowland area to the upland area and potential source material 

and/or areas. 
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2.0 SUMMARY OF PREVIOUS INVESTIGATIONS 

This section presents principal conclusions from four previous investigations that are relevant 

to the characterization of the lowland area. The four previous investigations are: 

the RI and FS for the Site, . the supplemental lowland investigation, 

the smelter area investigation, and 

the storm water and storm drain sediment investigation. 

The relevant conclusions from these previous investigations are used to assist in the 

evaluation of potential source materials and/or areas contributing to elevated arsenic 

concentrations detected in lowland area groundwater and surface water @ Sections 4 and 

5). The following summarizes each of the four investigations. 

2.1 RIAND FS 

The RI (Asarco, 1995a) and FS (Asarco, 1995b) were conducted to satisfy requirements of 

the 1992 EO. During the course of the investigation, Ecology determined that the Site should 

be divided into two separate units, upland and lowland areas. Also, it became apparent that 

the original scope of work was not sufficient to define the nature and extent of arsenic and 

metals in the lowland area because Ecology determined that the upland area should be 

addressed first. As a result, Ecology decided that investigative work for the lowland area 

would continue at a later date while the RIFS would focus primarily on the residential 

properties in the upland area. This action would allow Ecology to develop a cleanup action 

plan for the upland area sooner. 

Limited data collected during the W S  for the lowland area indicated that soils, surface 

water, and groundwater may have been impacted from the former smelting operation. 

However, there was not enough information to adequately define and evaluate potential 

cleanup alternatives. 
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2.1.1 Soil and Slag Data 

Soil quality in the lowland area was investigated by collecting a total of 142 samples from 16 

monitoring well borings and three slag borings. Data suggested that elevated arsenic, 

cadmium, and lead concentrations appear to be confined to the fill and slag material present. 

However, due to the relatively small number of monitoring well locations from which soil 

samples were obtained, the lateral and vertical distribution of metals in soil were not 

delineated adequately. The report stated that further collection of soil samples was necessary 

to satisfactorily characterize the nature and extent of metals in soil and to evaluate their 

potential role as a source material to surface water and groundwater. 

Soil results indicated that highest arsenic concentrations were found in slag and overlying 

fill. In addition, several samples of the thin underlying silt layer contained elevated arsenic 

concentrations suggesting that there may have been a downward migration of arsenic where it 

accumulated in the silt layer. Results also showed that metal concentrations generally 

decrease with depth, unless slag was encountered. Lastly, metal concentrations in soil 

generally decreased east of the BNSF switchyard tracks. 

Limited testing on slag was also performed including Toxicity Characteristic Leaching 

Procedure (TCLP) and Synthetic Precipitation Leaching Procedure (SPLP) tests. The SPLP 

test is intended to provide information on leachate characteristics due to infiltrating rainfall. 

The results indicated that the slag composition was quite variable. Although the slag 

routinely exceeded the MTCA soil cleanup standards for arsenic and lead, TCLP tests 

suggested that only lead concentrations in slag fails dangerous waste criteria. Results also 

showed that if TCLP criteria were applied to SPLP results, no exceedances would occur. 

2.1.2 Surface Water Data 

Collection of surface water samples was not required in the work plan. However, some data 

were gathered to assist in identifying possible migration pathways of metals through surface 

water. Five locations were sampled in one round and six locations were sampled during two 

subsequent rounds. 
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a Data indicated that surface water contained arsenic, cadmium, and lead concentrations in 

excess of their respective freshwater and marine water acute and chronic criteria. The report 

stated that although slag and upland fill material may act as a limited source of metals to 

lowland surface water, it appeared that an additional source was responsible for the elevated 

arsenic, cadmium, and lead levels. Therefore, further investigation was recommended to help 

identify the source and to delineate the nature and extent of the area with elevated elements 

of concern. 

2.1.3 Groundwater Data 

Four monitoring wells were installed at the top of the bluff and an additional I3 monitoring 

wells were installed east of the bluff to address groundwater quality. Samples were collected 

from six rounds while water level measurements were collected on a monthly basis for 25 

months. 

a Groundwater data showed that elevated arsenic concentrations in excess of the freshwater and 

marine water acute and chronic criteria occurred in both the shallow, fill aquifer and the deep, 

alluvial aquifer. Arsenic concentrations generally were highest in the alluvial aquifer. The 

report stated that although slag and upland fill material may act as a limited source of metals 

to lowland groundwater, it appeared that an additional source may be responsible for the 

elevated arsenic, cadmium, and lead levels. Therefore, further delineation of the groundwater 

plumes and aquifer characteristics was recommended. 

Potentiometric data and stratigraphic relationships suggested that the advance outwash 

system in the upland area discharges to the alluvial aquifer in the lowland area. A northeast 

groundwater flow direction was inferred between the two systems in the vicinity of the bluff. 

Potentiometric data also suggested that the shallow aquifer flow direction was to the east 

while deep aquifer flow was to the northeast in the lowland area. Water levels for the 

shallow aquifer showed some variability that may indicate local variations in flow directions. 

Water levels also indicated a downward hydraulic gradient that suggests potential for a 
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downward flow from the shallow to the deep aquifer. However, it was noted that the actual 

amount of vertical flow is limited by the low permeability of the intervening silt layer. 

Slug tests were conducted to estimate hydraulic conductivity for the representative 

hydrostratigraphic units. Results indicated hydraulic conductivities in the fill ranging from 

approximately 5 x 10" to 3 x c d s e c  with areas of slag possibly having higher 

permeabilities. Slug test results for the alluvial aquifer indicated a hydraulic conductivity 

range of approximately 9 x 10" to 1 x 10" c d s e c .  It was also noted that the estimated 

groundwater flux through the shallow aquifer in the upland was very low (less than 1 gpm 

per 1,000 feet width). Consequently, the estimated flux could not adequately explain the 

concentrations and distribution of arsenic measured in the lowland groundwater. 

A tidal investigation was conducted to characterize the effect of tides on both shallow and 

deep groundwater systems. Results indicated that tidally induced groundwater fluctuations in 

the deep groundwater system exceeded two feet while the fluctuation in the lowland shallow 

fill were limited to several tenths of a foot. There was no evidence of flow reversals in either 

system due to tidal fluctuations. 

Lastly, an evaluation of hydrochemical facies was performed. This evaluation looked at 

common ions present in the water. Results indicated that surface water and the shallow 

aquifer had nearly identical common ion signatures suggesting that the main source of 

recharge for the shallow aquifer is through infiltration of surface water (i.e., precipitation). 

Water levels also supported the interconnection of surface water and shallow groundwater 

because the water levels were close to or at the ground surface during periods of prolonged 

precipitation. The common ion composition analysis also supported the connection of the 

upland area till system with the deep aquifer in the lowland area. 
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3 2.2 SUPPLEMENTAL LOWLAND AREA INVESTIGATION 

Additional investigative work was performed by Asarco to more fully characterize soil and 

water quality in the lowland area in 1996 (Asarco, 1996). This work was conducted because 

the RI/FS primarily dealt with the upland area. The supplemental lowland investigation 

included the following tasks: 

Task 1 consisted of collecting soil and groundwater samples from 22 hydropunch 

locations in the portion of the lowland area immediately adjacent to the former 

smelter footprint. This task further defined arsenic and metal concentrations and 

attempted to account for earlier observed concentrations in the groundwater. 

Task 2 consisted of collecting soil and groundwater samples from 21 hydropunch 

locations in the former Weyerhaeuser East Site in the lowland area. This task defined 

arsenic and metal concentrations in the area east of the former smelter footprint 

extending to the Snohomish River. This task also included sampling all available 

monitoring wells and performing tidal monitoring. 

Task 3 consisted of investigating the shallow groundwater conditions along the west 

side of East Marine View Drive in the upland area. This task included excavating two 

test pits and installing five monitoring wells to evaluate this portion of the upland area 

as a potential source of arsenic observed in the lowland area groundwater. 

Task 4 consisted of advancing ten borings in the portion of the lowland area near the 

slag pile. The objective of this task was to define the vertical and lateral extent of the 

slag. 

Task 5 consisted of collecting soil samples beneath the SR-529 overpass to establish 

whether smelter debris was used as fill during construction. 

Task 6 consisted of aquifer testing. Slug tests were conducted to provide additional 

data on the hydraulic characteristics of the two aquifers in the lowland area for 

evaluating water balance and physical transport. 
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2.2.1 Soil and Groundwater Quality (Tasks 1 and 2) 

The general hydrostratigraphic framework was defined in the RI/FS. The supplemental 

investigation confirmed that three units are present in the lowland area including the shallow 

groundwater system (fill). a confining layer (silt), and a deep groundwater system (alluvium). 

The shallow fill system consisted of approximately 10 feet of fill material. Groundwater was 

generally within one to two feet of the ground surface. It was also noted that the fill near the 

bluff consisted of slag. 

The confining silt layer was identified over most of the lowland area. It generally ranged in 

thickness from five to ten feet. In locations where the confining layer was absent, it was 

replaced by alluvial channel deposits. In addition, the confining layer was absent adjacent to 

the bluff, near the Snohomish River shoreline, and in the vicinity of the railroad tracks. 

The alluvial sands comprising the deep groundwater system were encountered at a depth of 

approximately 20 feet. This unit corresponded with the deep sand identified in earlier 

investigations performed by Asarco and Weyerhaeuser. 

Soil results indicated that arsenic was detected with concentrations above the MTCA cleanup 

level of 200 mgtkg west of the railroad tracks. The results indicated the highest arsenic 

concentration detected was 3,645 mgkg. However, the results were highly variable which 

reflected the lateral heterogeneity of fill. It was estimated that approximately 73,000 cubic 

yards of soils with arsenic concentrations above 200 mgkg exist. Only a few surface 

samples had arsenic concentrations above 100 mgkg east of the railroad tracks. In addition, 

the southern extent of arsenic in soils west of the railroad track was not defined. 

Groundwater results from hydropunch locations and monitoring wells indicated that arsenic 

plumes were present in the shallow and deep aquifers. The shallow and deep aquifers 

showed dissolved arsenic concentrations up to 3 mglL and 15 m g L  respectively. The arsenic 

concentrations also showed significant attenuation as the groundwater flows to the east. It 

\\HYDRORUSI\W~~~\T~~~S~~I\FILES\OO~\OO~O\WORD\RI~V~~ draft RI reportdoe 

2-6 



ASARCO Incorporated DRAFT 

was noted that the southern extent of arsenic in groundwater west of the railroad tracks was 

not defined. In addition, the report explained that elevated arsenic concentrations at 

Weyerhaeuser's former Mill E Site were not associated with the smelter but rather were 

associated with a former wood treating facility at that location. 

The arsenic concentrations in soil did not identify source materials with sufficient arsenic 

concentrations to account for measured arsenic concentrations in groundwater. However, the 

ephemeral discharges of shallow groundwater in the upland area to the lowland area was 

discussed as a potential source. 

Tidal evaluations indicated that hydraulic gradients in the deeper aquifer were tidally 

influenced. Near the Snohomish River, water levels fluctuated approximately six feet. 

Consistent with the RIIFS, tidal sampling indicated that the shallow aquifer had minimal 

water level fluctuations of about 0.1 feet. 

2.2.2 Upland Area Shallow Groundwater (Task 3) 

The supplemental investigation evaluated the fill/shaliow till groundwater system in the 

upland area. Two test pits were excavated along the west side of East Marine View Drive 

within the smelter footprint perimeter. No groundwater was encountered in one of the test 

pits and a small flow of groundwater was encountered in the other (approximately 0.1 gpm), 

with a measured total arsenic concentration of 58 mg/L. 

Five shallow monitoring wells were installed on the west side of East Marine View Drive in 

the fall of 1996. The wells remained dry after initial purging. In early spring of 1997, 

measurable water was identified in wells EV-11 and EV-13 for only two months. One round 

of samples was collected and total arsenic concentrations of 41 and 25 m g L  were measured, 

respectively. 
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2.2.3 Slag Borings (Task 4) 

Ten soil borings were advanced in the slag pile to hrther define the vertical and lateral extent 

of slag. Slag was identified at depths to 15 feet below ground surface. It was estimated that 

approximately 54,000 cubic yards of slag are present. 

Two types of slag were identified with most being coarse-grained, gravel sized material. 

Along the southern boundary of the original slag pile, a fine-grained granular slag was 

encountered. The fine-grained slag is believed to be a by-product of the rock wool plant. 

The granular slag had the highest arsenic concentrations, up to 2,207 mgkg. Elevated levels 

of lead were also measured in the granular slag. The highest observed concentration 

was 24,230 mgkg. However, based on TCLP and SPLP leaching results, it did not appear 

that slag was the source of elevated arsenic concentrations in the groundwater (3 to 15 mg/L). 

2.2.4 SR-529 Overpass (Task 5) 

Several grab soil samples were collected beneath the SR-529 overpass to conduct a 

reconnaissance level survey of fill materials used during construction. Samples were 

collected from beneath the northbound and southbound lanes from a depth of 0 to 6 inches. 

There was no visible evidence of smelter debris beneath the northbound lane. Brick and 

wood fragments, typical of smelter debris, were found embedded in the silty sand fill beneath 

the southbound lane. Arsenic concentrations in samples collected below the northbound lane 

were all below 20 mgkg. While all measured concentrations for the southbound lane were 

above 20 mgkg, only one was above 200 mglkg having an arsenic concentration of 

1,700 mgkg. 
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2.2.5 Aquifer Testing, Water Balance, and Mass Loading (Task 6) 

Additional aquifer tests (slug tests) were conducted during the supplemental remedial 

investigation to further characterize the hydrostratigraphic units. Five monitoring wells were 

tested in the shallow aquifer and results were consistent for sandy aquifers. Four shallow 

wells in the slag pile were tested and results indicated that the permeability varied 

substantially depending on the texture of the slag. However, all slag was highly permeable. 

Eight wells were tested in the deep system. Results were again consistent for sandy aquifers. 

Along with the hydraulic gradients, hydraulic conductivity results were used to derive 

estimates of the average rate of groundwater flow. The average groundwater velocity was 

estimated at 0.5 to one filday. The vertical rate of flow through the silt layer was estimated at 

0.002 Wday. 

In addition, a water balance was developed for the lowland area per Ecology's direction. The 

water balance was conducted to identify the major flow components and quantify water 
'6. mputs" and "outputs". Combined with water quality results, potential arsenic loads to 

groundwater were estimated. 

Water balance results for the shallow aquifer west of the railroad tracks indicated that 

flow (2 gpm) was largely generated by direct precipitation recharge. The ion analyses 

supported the water balance by showing similarity in common ion signatures between surface 

water samples collected from the drainage ditch and shallow groundwater samples. The 

arsenic mass balance showed more arsenic entering the slag pile (26 lbs./year) than can be 

accounted for by outputs (13 lbs./year). This may indicate that a modest rate of seepage from 

the shallow groundwater in the upland area is contributing to the observed arsenic 

concentrations in the shallow groundwater near the slag pile. 

Water balance results for the shallow aquifer east of the railroad tracks indicated a flow of 

approximately 1.1 gpd100 foot width. There was also a large mass discrepancy in arsenic • as groundwater passes from the slag pile to the east (input of 11 lbs./year, output 
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of 0.1 lbs./year). Available data suggested that low permeabilities in the railroad track 

vicinity may limit groundwater drainage to the east. 

Water balance results for the deep aquifer indicated that groundwater flow through the 

arsenic plume is about 1 to 1.5 gpm1100 foot width. Most of the flow was attributed to 

discharge from the upland deep groundwater system, but the upland shallow system was 

inferred to be the primary source of arsenic. The arsenic mass balance (input of 

11.4 lbs./year, output of 66 lbs./year) indicated a significant discrepancy. It was suggested 

that the discrepancy could be accounted for by a localized source in the upland area. 

2.2.6 Fate and Transport of Arsenic in Groundwater 

The shallow and deep groundwater aquifers in the lowland area discharge to the Snohomish 

River. However, it was noted that the actual potential for arsenic to reach the Snohomish 

River depends on both physical and geochemical processes. Geochemical mobility is 

commonly affected by adsorption and coprecipitation. It was noted that the geochemical 

process was responsible for observed attenuation. 

Arsenic concentrations in groundwater near the Snohomish River shoreline were 0.026 to 

0.05 mg/L in the shallow aquifer and 0.038 mglL in the deep aquifer. Given minimal 

attenuation or tidal dilution, these waters would likely meet the marine chronic criteria for 

arsenic of 0.036 mg/L. 

The highest arsenic concentrations near the Snohomish River were detected in the deep 

aquifer about 600 to 700 feet from the shoreline (0.1 to 2.6 m&). It was noted that if the 

present deep groundwater plume configuration is assumed to represent a gradual advance of 

arsenic concentrations since operation of the smelter, the calculated rate of plume 

advancement would be approximately 0.04 ftlday. At this rate, it would take approximately 

40 more years before the plume reaches the Snohomish River. It was also noted that it is 

possible that the plume is already stable or attenuating. 
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2.2.7 Storm Water Evaluation 

In addition to the six identified tasks, storm water runoff potential from the upland to the 

lowland was briefly evaluated. A site walkthrough was conducted and catch basins in the 

upland area and outfalls along with the ditch system in the lowland area were documented. 

It was determined that very little storm water runoff occurred from the upland area to the 

lowland area. Based on area calculations, the average annual runoff from the SR-529 

overpass in the upland area to the lowland area was estimated at 10 gpm. 

2.3 SMELTER AREA INVESTIGATION 

The smelter area investigation was conducted in 1998 (Asarco, 1998b). The purpose of the 

investigation was to identify the nature and extent of different waste categories or any other 

material that may be a source of elevated arsenic for surface and groundwater in and adjacent 

to the former smelter footprint. The practical goal was to identify and characterize the 

location of residual smelter materials within and immediately adjacent to the former smelter 

property, focusing primarily on the current fenced area. 

The smelter area investigation entailed collection of soil samples from 60 locations to depths 

up to 39 feet. Test pits were used in the smelter footprint to assist in the evaluation of 

smelter structural remnants and residual materials. The principal findings from the 

investigation that may be pertinent to the lowland area characterization are: 

Smelter materials of primary interest were residuals of arsenic trioxide (containing 

arsenic concentrations in the hundreds of thousands up to 760,000 mgikg) and flue 

dust (containing arsenic concentrations in the thousands up to 25,000 mgikg). This 

material was located mostly within the top four feet in the fenced area east of 

Pilchuck Path. 

Soil borings drilled in fill beneath the SR-529 overpass indicated that the fill  had 

small amounts of smelter material. Arsenic concentrations were significantly lower 

than those detected in the fenced area. 
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SPLP results demonstrated that smelter materials containing residual arsenic trioxide 

or flue dust can act as sources of arsenic to groundwater under ambient leaching 

conditions. 

Soil borings of unweathered glacial till found that till extended further east than 

previously identified. 

The former smelter footprint was segregated into several investigative subareas based on past 

smelter operations and subsequent land use. The subareas were as follows: 

The former roasting operations area. 

The former blast furnacellead refining area. 

The former arsenic processing area. 

The general area of the former stacks. 

The former northern smelter area. 

The SR 529 overpass area. 

Based on the history and knowledge of past operations and on the potential relationship with 

the lowland area, findings from the following subareas were identified below as containing 

relevant information: 

The southern end of the former roasting operations area (north end of the fenced 

area). 

The former blast furnacellead refining area (northeast comer of the fenced area and 

across East Marine View Drive to the bluff). 

The former arsenic processing area (portion of fenced area between Pilchuck Path and 

East Marine View Drive from 5Ih Street to the south boundary. 

The SR-529 overpass area. 

The findings are discussed in the following subsections. 
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2.3.1 Former Roasting Operations Area 

The northern end of the fenced area contains a portion of the former roasting operations area. 

The foundations and floors of smelter flues and other structures were found intact in the 

subsurface. Sampling results indicated that flue dust and debris were present at depths of one 

to four feet. Arsenic concentrations were detected up to 28,500 mglkg. In addition, results 

showed that arsenic has migrated from the smelter material to the underlying soil. However, 

arsenic concentrations attenuated rapidly. 

2.3.2 Former Blast FurnaceLead Refining Area 

Sample results indicated that the largest portion of the former blast h a c e l l e a d  refining area, 

portion north of the fenced area along East Marine View Drive including the cloverleafs, did 

not contain significant amounts of residual smelter material. Only a few pockets containing 

small amounts of residual smelter materials were identified. This is consistent with the 

overall finding that the soils and smelter materials were removed from the cloverleaf area 

during the construction of the interchange in 1956. Historical information indicated this 

removed material was likely used as fill for the Weyerhaeuser access road and SR-529 

overpass. 

A small portion of the former blast h a c e l l e a d  refining area is located within the fenced 

area (northeast comer). Residual flue dust was identified in the footprint of a former flue 

structure. Arsenic concentrations were detected at 12,000 mgkg. 

2.3.3 Former Arsenic Processing Area 

The location of the former arsenic processing area is within the current fenced area from 

Pilchuck Path (west boundary) and 5 I h  Street (north boundary). The former processing 

operation produced relatively pure arsenic trioxide using roasting operations flue dust as the 

primary feed material. 

Sampling results indicated that residual arsenic trioxide (up to 760,000 mgkg arsenic) mixed 

with demolition debris was present to a depth of 3.5 feet in the western portion and to a depth 
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of two feet in the eastern portion of the former arsenic kitchen. In addition, arsenic trioxide 

is present near the former arsenic storage bin. Flue dust (up to 25,000 mgtkg arsenic) was 

identified at other portions of the former arsenic processing area. All these sample locations 

representing the former arsenic kitchen and storage bin are within the fenced area. 

Several borings were advanced south of the fenced area. Results showed no evidence of 

demolition debris or residual smelter material. 

2.3.4 SR-529 Overpass 

Historical and documenting photographic evidence indicate that in 1956 significant cut and 

fill activities occurred as part of the construction of the SR-529 overpass. Material appears to 

have been removed from the area of the former roasting operations area and used as fill 

beneath the southbound lane of SR-529 and around and beneath the Weyerhaeuser access 

road. 

Sample results indicated no evidence of the presence of significant quantities of residual flue 

dust or other high-lead or arsenic materials. Arsenic and lead concentrations were elevated 

(up to 389 and 7,186 mgkg respectively), but were much lower than levels measured in 

debris in the fenced area. In addition, the arsenic concentrations did not show a constant 

trend with depth, indicating that any smelter materials were well mixed with soil during cut 

and fill activities. 

2.3.5 SPLP Results 

Several samples were tested by SPLP which is designed to simulate leaching from materials 

in the environment when exposed to rainfall. In contrast, TCLP uses a strong acid for 

leaching materials to simulate leaching in a mixed-waste municipal landfill environment. 
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Results demonstrated that residual smelter materials containing arsenic trioxide or flue dust 

can act as sources of arsenic to groundwater and surface water. Flue dust andlor arsenic 

trioxide material with total arsenic concentrations ranging from 4,699 mgikg to 12,487 mglkg 

resulted in SPLP concentrations ranging from 7 mgIL to 27 mg/L. Therefore, these materials 

which were identified within the fenced area and in the adjacent East Marine View Drive 

right-of-way may be a source of elevated arsenic concentrations in groundwater and surface 

water. It was also noted that the source characteristics of the smelter residuals are dependent 

on several factors including arsenic concentrations, material volume, local infiltration rates, 

and subsurface transport pathways. 

2.3.6 Extent of Unweathered Glacial Till 

This investigation identified the unweathered glacial till as a significant barrier to vertical 

migration of arsenic. In addition, the till was identified as being present throughout and 

adjacent to the former smelter area and its presence likely promotes the lateral flow of 

ephemeral perched water, if any, in the upper portion of the till toward the east. The till 

outcrops along the slope near the east side of East Marine View Drive. 

2.4 STORM WATER AND STORM DRAIN SEDIMENT CHARACTERIZATION 

INVESTIGATION 

The storm water and storm drain sediment characterization investigation was initiated in May 

1998 (Asarco, 1998~). The purpose of the investigation was to characterize and implement 

best management practices (BMPs) designed to eliminate, or substantially reduce, the 

discharge of storm water from the Site that exceeds the appropriate regulatory limits. 

Specific objectives of the investigation were to: 

identify primary flow paths, 

characterize storm water quality, 

estimate storm water volumes, and 

develop a water balance and contaminant loading estimate. 
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2.4.1 Storm Water Flow Paths 

During the first quarter that the investigation commenced (April through June 1998), Asarco 

met with Ecology, the City, and Weyerhaeuser to discuss flow paths near the SR-529 

overpass and in the lowland area. During this walk through, the main locations of interest 

were identified for upcoming sampling events. 

Sediment that had accumulated in the catch basins and storm drain lines in the investigation 

area were removed and nine catch basins were flushed near the SR-529 and East Marine 

View Drive interchange. Results indicated that the majority of the intersection catch basins 

discharge to an outfall in the lowland area. It was noted that while flushing two catch basins 

in the area, the water did not drain or it came up in nearby catch basins. Therefore, the 

discharge location for these catch basins could not be verified. 

The City explained that catch basins located west and south of the interchange are connected 

to the City's combined storm water / sanitary sewer system. Flushing a short distance to the 

north indicated that the catch basins were connected to the lowland area outfall. During a 

subsequent conversation with the City, personnel explained that a significant portion of East 

Marine View Drive to the north was connected to the lowland area outfall during the course 

of the East Marine View Drive widening project performed in 1998. This section of storm 

drain line also serves as a french drain system. 

In the lowland area, a site walk through was also conducted with Ecology, the City, and 

Weyerhaeuser to evaluate the drainage ditch system. Weyerhaeuser explained that they 

recently made improvements to the system which provided a connection of the wet areas 

west of the railroad tracks to an outfall located at the Snohomish River. 

2.4.2 Storm Water Quality 

Characterization of storm water quality consisted of the following sampling events: 

two rounds of first flush grab sampling at several catch basins, 

reconnaissance grab sampling from 30 locations, 
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two rounds of grab sampling at over 20 locations, and 

composite sampling with an autosampler from four sites for about one month. 

First flush grab sampling was conducted to determine if storm water runoff at outlying 

residential sections in the upland area have elevated concentrations of arsenic (several blocks 

away from the fenced area). Results indicated that there was no evidence of storm water 

quality concerns in the outlying residential areas. 

Reconnaissance grab sampling was performed to further define run-on and run-off patterns 

and to evaluate storm water quality in the vicinity of potential source areas. Data collected 

was used to refine the storm water quantity and quality characterization work (two rounds of 

grab sampling and composite sampling at instrumented sites). Reconnaissance sampling 

found that typical storm events consisted of a series of intermittent precipitation events over a 

period of several days. Data showed that individual precipitation events were relatively short 

without significant periods of sustained precipitation. Laboratory results indicated that only 

two surface run-off samples in the upland area (northeast corner of the fenced area) and two 

manholes downgradient (south) of the fenced area exceed the City's sewer discharge limit of 

0.5 mg/L for arsenic. The highest arsenic concentration detected in the lowland area was 

0.63 m a .  The sample location was at the very north end of the drainage ditch adjacent to 

the bluff at the beginning of the wet area. Lastly, reconnaissance sampling indicated seeps 

were forming on the northern boundary of the fenced area. 

Using the reconnaissance sampling results, two complete rounds of grab sampling were 

conducted at over 20 locations in the upland and lowland areas. Laboratory results indicated 

that the two rounds of grab sampling was consistent with previous investigations. For 

locations in the upland area connected to the City's combined system, only surface run-off 

samples directly northeast and east of the fenced area and manholes south and southeast of 

the fenced area exceeded the City's sewer discharge limit of 0.5 m g L  for arsenic. The 

highest arsenic concentration detected was 39 mg/L in a manhole immediately south of the 

fenced area in the alley. Results for the lowland area indicated that arsenic concentrations 
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were above the laboratory method detection limit for most locations with arsenic 

concentrations decreasing toward the Snohomish River. In regard to the seeps, it was noted 

that it seemed likely that they were associated with shallow seasonal groundwater discharge 

resulting from high rainfall and possibly enhanced by current or former utility trenches 

sewing as more conductive flow paths. 

Autosamplers were installed at four locations to collect continuous composite samples (each 

sample had water collected every 15 minutes for 1.5 hours). Composite samples were 

collected for approximately four weeks. Laboratory results of numerous samples submitted 

for analyses were generally consistent with prior grab sampling events. 

2.4.3 Storm Water Volumes 

Storm water discharge rates were estimated during the two rounds of grab sampling. In 

addition, more detailed flow monitoring was conducted at the same four sites that had 

autosamplers using continuous flow monitoring equipment over a period of about four 

weeks. Of particular interest, results indicated that there was baseflow at an instrumented 

manhole located southeast of the fenced area at the East Marine View Drive and Butler Street 

intersection. Although a baseflow was expected due to sewer effluent, baseflow conditions 

appeared to be extended following precipitation events. Therefore it was noted that there 

may be a component of groundwater inflow from the fenced area to the City's system along 

Butler Street following wet periods. Also, results from the manhole upgradient from the 

City's outfall in the lowland area indicated that a larger volume of storm water was coming 

from East Marine View Drive than from the intersection. It was noted that this may be due to 

the french drain system along East Marine View Drive to the north. 

2.4.4 Water Balance and Contaminant Loading 

The final objective of the investigation was to develop a water balance and estimate the 

contaminant loading for the principal drainage areas. It was noted that due to the complexity 

of the lowland area, it would be best if this work would be completed when all groundwater 

data was available. In addition, a third round of surface water grab sampling at lowland area 
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locations was conducted during the dry season to further assist in the evaluation. This 

evaluation is presented in Section 5.2. 
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3.0 INVESTIGATION METHODS FOR ADDITIONAL CHARACTERIZATION 

AND MONITORING 

* 

Field work for the additional characterization and monitoring investigation commenced in the 

fall of 1998 and was completed in the summer of 1999. Generally, the investigation was 

performed as specified in the work plan (Asarco, 1998a), with several minor adjustments 

made in consultation with Ecology. These adjustments include the final placement of several 

groundwater monitoring wells, advancement of several additional hydropunch locations. and 

deletion of the CLP documentation requirement during analyses. Also, the proposed 

schedule in the work plan was adjusted due to difficulty in obtaining an access agreement. 

While conducting field work activities, BMPs were employed to minimize potential impacts 

of the investigation on groundwater and surface water quality. These practices were 

consistent with those proposed in the Demolition Work Plan (Asarco, 1997) and the Storm 

Water and Storm Drain Sediment Characterization and Control Work Plan (Asarco, 1998~). 

The following subsections describe the investigative methods utilized for each specific task. 

3.1 SOIL SAMPLING IN THE BLUFF AREA 

Sample locations were placed along four transects (1-4) in the bluff area going from south to 

north. Each transect had a sample collected from the top (T), middle (M), and bottom (B) to 

depths of two to three feet below the surface. Sample locations are shown on Figure 3-1 

(bluff soil samples). 

Blackberry brambles were cut back and samples were collected in one foot intervals using a 

hand auger. In all locations except for one, conditions did not allow sample collection below 

a depth of two feet. In one Location, samples were collected to three feet. A total of 21 

samples and two field duplicates were collected. The hand auger was decontaminated with 

wash and rinsate water between sample intervals and borings. Table 3-1 summarizes the soil 

samples collected. 
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3.2 SOIL BORING SAMPLING 

Soil samples were collected from seven soil borings (LB-11 to LB-15 and LB-19 to LB-20) 

advanced to characterize the southern extent of elevated arsenic and metals. In addition, soil 

samples were collected from four hydropunch borings (HP-45 to HP-48) and 12 monitoring 

well borings (EV-ISB, EV-L6A, EV-17B, EV-18B, EV-20B, EV-2 IA, EV-21B, EV-22A, 

EV-22B, EV-23B, MW-107D, and MW-109D). Boring locations are depicted in Figure 3-1. 

A total of 128 samples and 14 duplicates were collected. Mr. Boyd Benson also collected 

soil samples from his property in the lowland area. Twenty-one samples and two field 

duplicates were collected from three soil borings (LB-21 to LB-23). It is Asarco's 

understanding that Mr. Benson has submitted analytical results associated with these samples 

to Ecology. 

Soil samples were collected from soil, hydropunch, and monitoring well borings in the same 

manner using a hollow stem auger drill. Soil and shallow monitoring well borings were 

advanced to depths of 11.5 to 16 feet. Borings associated with deep hydropunch and 

monitoring wells were advanced to depths of 2 1.5 to 55 feet. 

Generally, samples were collected from intervals including 0-0.5, 2-3.5, 5-6.5, 10-11.5, 

15-16.5, and 20-21.5 feet using a standard 18-inch x 1 318-inch diameter split spoon. The 

split spoon sampler was driven with a 140 pound hammer. The split spoon sampler was 

decontaminated with wash and rinsate water between sample intervals and borings while the 

augers were decontaminated with wash and rinsate water between borings. 

In certain instances, additional samples were collected if the borehole was deeper 

than 21.5 feet (e.g., EV-18B). In other instances, not all intervals were sampled if there was 

existing nearby data (e.g., EV-19B). Also, only soil samples below 11.5 feet were collected 

from deep borings if samples to a depth of 11.5 feet were collected from a paired shallow 

boring. Otherwise, the shallow boring was not sampled and all the samples were collected 

from the deep boring. Table 3-1 summarizes the soil samples collected from soil, 

hydropunch, and monitoring well borings. 



ASARCO Incorporated DRAFT 

Standard penetration data were collected from each sample interval. A hydrologist or 

geologist from Hydrometrics was present to record this data along with geologic data and 

sampling information in field logs at the time of drilling. Compiled logs are presented in 

Appendix A. 

Upon completion of sample collection, each soil and hydropunch boring was plugged and 

abandoned with bentonite chips from the bottom of the borehole up to ground surface. 

3.3 SOIL SAMPLE ANALYSIS 

The 165 soil samples collected from the bluff and borings including field duplicates were 

analyzed for total arsenic, cadmium, chromium, copper, lead, and zinc by X-Ray 

Fluorescence (XRF) spectrometry. The samples were sent under chain-of-custody to 

Hydrometrics' laboratory located in Ruston, Washington. 

a Upon completion of XRF analyses, selected samples were sent to Asarco's Technical 

Services Center laboratory located in Salt Lake City, Utah for wet chemistry analyses to 

confirm the XRF accuracy. The work plan called for a frequency of at least one in 50. A 

total of six samples were analyzed using EPA Method 6010. The work plan indicated that 

analyses performed at the Asarco laboratory would be done using CLP protocol which 

consists of more detailed documentation. Because the use of CLP protocol does not effect 

the results and may significantly delay data submittal, Ecology agreed to drop the CLP 

requirement. 

Laboratory results are discussed in Section 4.2. The validation report containing soil sample 

results from the bluff and borings is included as Appendix B. 

3.4 FILLISLAG SAMPLE COLLECTION AND LEACH TESTS 

Two filllslag samples were collected from each of three borings (LB-16 to LB-18) in the slag 

a pile (see - Figure 3-2) to further evaluate the effect of higher pH on arsenic leachabilitiy and 

subsequently, the potential effect on the shallow groundwater system. Each boring had a 
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sample collected from two depth intervals including the 0-2 foot and 5-7 foot intervals, 

totaling six samples. The samples were collected using a hollow stem auger and split spoon 

sampler as described previously in Section 3.2. Upon completion of sample collection. each 

boring was plugged and abandoned with bentonite chips from the bottom of the borehole up 

to ground surface. 

Samples were sent to Asarco's Technical Services Center laboratory located in Salt Lake 

City, Utah under chain-of-custody and initially analyzed for total arsenic using method 6010. 

The samples were then analyzed using four modified SPLP tests (method 150.1). The first 

SPLP test substituted the dilute acid leach with deionized water. The remaining three tests 

substituted the dilute acid leach with a carbonate-buffered alkaline water leach with pH 

ranges of 7, 9, and 11 respectively. In addition to the six samples collected, one sample was 

crushed and tested by all four SPLP modified procedures. As discussed previously in Section 

3.3, CLP procedures were not employed for these analyses. 

The validation report containing all filllslag results is included as Appendix B. Laboratory 

results are discussed in Section 5.1.1.1. 

3.5 GROUNDWATER FLOW PATH MAPPING 

Prior to installing groundwater monitoring wells, Hydro Geosciences, Inc. (HGI) of Salt Lake 

City, Utah was retained to implement their patented geophysical technology, AquaTrack. 

The main purpose of this effort was to identify potential groundwater flow paths (channels) 

from the upland area to the lowland area; specifically, to the arsenic plume in the deep 

groundwater aquifer. 

AquaTrack consists of direct energization of groundwater by injecting electricity through a 

primary electrode so the electrons become tracers. A circuit is then constructed by 

connecting a return electrode to the primary electrode. Because water is a good conductor, 

electrons will follow water and its flow path(s). 
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A moving electron, current, generates a magnetic field that can be measured. The magnetic 

field produced by the completion of the electrical circuit allows mapping of the location, 

depth and shape of potential groundwater flow paths and any other good conductor such as 

utility pipes and ore bodies. A limitation of AquaTrack is that it often cannot differentiate 

between strong conductors such as groundwater flow, utility lines, water line leaks, and ore 

bodies. It can however distinguish other conductors that generate weaker magnetic fields. 

To implement the AquaTrack technology, HGI established an electrical circuit by placing a 

primary electrode (two feet of 1/4 inch copper pipe) into monitoring well EV-8B in the 

lowland area. This electrode was energized with a gas generator. A copper wire, transmitter 

coil, was laid out under the Weyerhaeuser bridges and the SR-529 overpass to get across East 

Marine View Drive. It was then attached to the security fence between Hawthorne Street and 

Pilchuck Path in the upland area to complete a circuit. This completed circuit allowed 

mapping of magnetic fields between the upland and lowland areas. 

Several survey lines were established to take readings from EV-8B in the lowland area to 

Pilchuck Path in the upland area. Generally, survey lines ran parallel with East Marine View 

Drive. Readings, magnetic field magnitude and direction, were usually taken every 25 feet. 

Occasionally, readings were taken every 12.5 feet to better define a channel. 

Readings were then used to profile each survey line horizontally which in turn maps observed 

channels of current flow. Channels were identified by connecting similar anomalies based on 

the size and shape of the curves from one profile to the next. These channels are potential 

groundwater flow paths. Results of the survey as well as a more detailed description of the 

technology is presented in the AquaTrack Survey Report by HGI in Appendix C. 

The primary channels identified by AquaTrack are depicted in Figure 3-3. TWO test pits were 

excavated near two of the channels (second and third channel from the north) to see if visible 

evidence of potential groundwater paths exist. The test pits were located within the fenced 

area as close to East Marine View Drive as possible. The first and fourth channel did not 
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present an accessible area near East Marine View Drive that would allow excavation of test 

pits. A copper water line was discovered in the test pit associated with the second channel 

from the north which extended into East Marine View Drive. No evidence of a potential 

groundwater path or utility was identified in the other test pit associated with the third 

channel from the north. The channels with the strongest magnetic fields andlor with visible 

evidence of potential flow paths identified by test pits were used to assist placement of 

several groundwater monitoring wells as discussed in Section 3.7. This includes the first and 

second channels from the north. 

3.6 HYROPUNCH GROUNDWATER SAMPLING 

Initially, four hydropunch locations (HP-45 to HP-48) were advanced to assist in delineation 

of the northern boundary of elevated arsenic in groundwater in accordance with the work 

plan. All four locations except for HP-45 had samples collected from the shallow and deep 

groundwater systems. Location HP-45 only had a sample collected from the deep aquifer. 

Later in the investigation, summer of 1999, 13 additional shallow hydropunch locations (HP- 

50 to HP-59 and HP-61 to HP-63) were advanced and groundwater sampled to fill in 

groundwater data gaps. Two locations, HP-50 and HP-58, were dly and therefore, 11 

samples were collected. In addition to collecting shallow groundwater samples, the 11 

additional locations were surveyed and water levels obtained to assist in the evaluation of 

shallow groundwater and surface water interactions (see - Section 4.5). The hydropunch 

locations are shown on Figure 3-4. 

Groundwater samples were collected once the boreholes were advanced to the desired 

termination depth. The hydropunch was then driven into the aquifer and the outer casing 

pulled back to expose a 0.02 inch slot sampling screen. Prior to sample collection, 

approximately three to five gallons of water was purged using a peristaltic pump. Collected 

purge water was containerized in 55 gallon drums, which are currently stored in the fenced 

area. 
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a Specific conductivity, temperature, pH. dissolved oxygen, and turbidity were also measured 

in the field at the time of sample collection using a Horiba U-10 Water Quality Checker. 

Shallow groundwater samples were collected from 14 of the 17 hydropunch locations. Deep 

groundwater samples were collected from four hydropunch locations. Samples designated 

for dissolved analyses were filtered and all samples were preserved with nitric acid and 

chilled. 

3.7 MONITORING WELL INSTALLATION AND SAMPLING 

Monitoring wells were installed to confirm previous hydropunch data and establish a network 

for future long-term groundwater monitoring. Six shallow monitoring wells and ten deep 

monitoring wells were installed. Four of the 16 new monitoring wells, including EV-17A, 

EV-17B, EV-18B, and EV-20B, were located based on results of the AquaTrack survey as 

discussed in Section 3.5. Several of these well locations and types were adjusted from the 

work plan with Ecology's approval. Wells EV-20B and EV-18B were placed by the first and 

second channel from the north, respectively. Wells EV-17A and EV-17B were placed at the 

base of the bluff where the two channels intersect. Well EV-19B was placed as close to the 

water line tee as possible. 

Monitoring wells were installed using a hollow stem auger drill rig. The wells were 

completed using 2-inch NSF-approved schedule 40 flush-threaded PVC pipe according to 

State of Washington specifications. Machine-slotted casing was placed opposite the interval 

of interest, sand-packed, and sealed with bentonite pellets and grout. Screen slot size was 

0.01 to 0.02 inches and the sand pack was 10-20 grade silica sand. In addition, due to 

heaving sands, several wells used a manufactured prepacked well screen. Protective covers 

were also installed with locks. Either a flush-mount cover or stick-up cover was used based 

on the property owner's preference. 

Following completion, the wells were developed using a bailer and submersible pump to 

a remove fines and ensure good hydraulic connection with the aquifer. Removed water was 

containerized in 55-gallon drums. Upon development of the 16 new wells, they and 32 
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previously existing wells were sampled in March 1999 and again in June 1999. The 

locations of the 48 monitoring wells are shown in Figure 3-5. 

Prior to sample collection, each well had the water level measured as described in Section 

3.1 1 and then was purged with a portable peristaltic pump at a rate less than 0.25 gpm. 

Collected purge water was containerized in 55 gallon drums, which are currently stored in the 

fenced area. Specific conductivity, temperature, pH, dissolved oxygen, and turbidity were 

also measured in the field using a Horiba U-10 Water Quality Checker. When these 

measurements stabilized, they were recorded in the log book and a groundwater sample was 

collected. Samples designated for dissolved analyses were filtered and all samples were 

preserved with nitric acid and chilled. 

The network of wells changed slightly from the work plan. As discussed previously, based 

on the AquaTrack survey, the type and number of monitoring wells along the east side of 

East Marine View Drive were adjusted with Ecology's approval. Specifically, instead of two 

shallow and deep paired wells, three deep wells were installed (EV-18B, EV-19B, and 

EV-20B). In addition, proposed well numbers have been changed slightly from the work 

plan. Also, well number MW-106D(W) listed in the work plan should have been identified 

as MW-108D(W) and MW-IO~S(W) should have been MW-107S2(W). Lastly, the 

following wells listed in the work plan were abandoned by Weyerhaeuser before the first 

round of sampling commenced in March 1999: MW-3(W), P-6(W), and MW-106S2(W). 

Recently, it was brought to Asarco's and Ecology's attention that Weyerhaeuser intends on 

abandoning MW-S(W), MW-7(W), and MW-8(W) this fall. It is Asarco's belief that these 

wells will not be needed for any future long-term groundwater monitoring and based on a 

telephone conversation with Ecology, it is Asarco's understanding that Ecology concurs. 

Therefore, Asarco did not request Weyerhaeuser to leave the three wells in place. 
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3.8 GROUNDWATER ANALYSIS 

Groundwater samples were analyzed for the parameters listed in Table 3-2. One sample 

(HP-45) was analyzed by Sound Analytical located in Fife, Washington because an 

immediate turn-around was desirable. The remaining samples were sent to Asarco's 

Technical Services Center laboratory located in Salt Lake City, Utah. 

A total of 45 samples were analyzed from monitoring wells in the first round (March 1999). 

Note that three shallow monitoring wells (EV-10, EV-12, and EV-13) were dry. A validation 

report for the first round of monitoring well sampling is included as Appendix D. The report 

also contains results of seven samples collected from the initial four hydropunch locations as 

well as eight field duplicates, eight DI blanks, seven rinsate blanks, and one blind standard 

collected from October 1998 to March 1999. 

Appendix D also contains a validation report for the second round of monitoring well 

sampling and additional hydropunch and surface water sampling (June 1999). A total of 43 

samples were collected from monitoring wells. Note that five shallow monitoring wells 

(EV-10, EV-I I, EV-12, EV-13, and MW-103S(W)) were dry. The report also contains 

results for the 11 additional shallow hydropunch samples that were analyzed as well as three 

field duplicates, six DI blanks, six rinsate blanks, and one blind standard collected in June 

1999. 

As with soil analyses, the work plan indicated that analyses performed at the Asarco 

laboratory would be done using CLP protocol which consists of more detailed 

documentation. Because the use of CLP protocol does not effect the results and may 

significantly delay data submittal, Ecology agreed to drop the CLP requirement. 

Laboratory results for groundwater sampling are discussed in Section 4.3.4. 
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3.9 AQUIFER TESTING 

Slug tests were performed on monitoring wells EV-ISA, EV-ISB, and EV-16A to evaluate 

aquifer permeability. The results will be used to establish hydraulic conductivities and 

evaluate groundwater flux at the southern boundary of the lowland area. 

The slug test was performed once the well was developed (i.e., water purged). Water level 

fluctuations were digitally recorded during slug testing using an in-situ datalogger and 

pressure transducer. The transducer was suspended above the bottom of the well and the 

datalogger was started prior to slug testing. During testing, the water level recovery was 

recorded with the datalogger at logarithmic time intervals. The transducer, slug, and rope 

were washed thoroughly between sites. 

Test results from the shallow aquifer (EV-ISA and EV-16A) were analyzed according to slug 

test methodology developed by Bouwer and Rice (1976). Slug tests from the deep aquifer 

(EV-ISB) were analyzed using both Bouwer and Rice, and Cooper et al. (1967) methods. 

The slug test data were analyzed using AQTESOLV, a computer program developed by 

Geraghty and Miller, which allows the user to analyze time-drawdown graphically based on 

curve matching techniques. 

Slug test results are discussed further in Section 4.3.2. 

3.10 SUPPLEMENTAL SURFACE WATER SAMPLING AND ANALYSIS 

Additional surface water sampling in the lowland area was conducted during the second 

round of groundwater sampling (June 1999). This supplemental sampling was performed to 

gather data from the dry period to fiuther assist in evaluating the groundwater / surface water 

relationship. Nine sites were sampled and are shown on Figure 3-6. 

The samples were all grabs and collected with a bottle. The samples collected in June 1999 

were sent to Asarco's Technical Services Center laboratory located in Salt Lake City, Utah 

and analyzed for the same parameters as groundwater (see - Table 3-2). Another sample from 
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SW-18 was collected in August 1999 to further evaluate the dry period versus the wet winter 

period. This sample was analyzed by CCI Laboratories located in Everett, Washington for 

total and dissolved arsenic, cadmium, and lead. Samples designated for dissolved analyses 

were filtered and all samples were preserved with nitric acid and chilled. 

The laboratory results are included in the validation report in Appendix E. Laboratory results 

are discussed in Section 4.4. 

3.11 WATER LEVEL MEASUREMENTS 

Prior to collecting water levels, all groundwater monitoring wells and surface water 

monitoring points were surveyed to a common datum. Water levels were collected from the 

network of monitoring wells (see Figure 3-5) on four occasions. Two of the four measuring 

episodes occurred during sample collection in March and June, 1999. Water levels were also 

collected from surface water sampling locations (see - Figure 3-6) on three occasions including 

once in June 1999 during groundwater sampling. Lastly, water levels were also obtained 

from the 13 additional shallow hydropunch locations advanced in June 1999 (HP-50 to 

HP-62) during the second round of groundwater sampling. 

Water levels were collected using an electric probe, a Solinst, attached to a direct reading 

tape. For groundwater including all monitoring wells and certain hydropunch locations, 

levels were obtained by lowering the probe down the well until contact was made between 

the probe tip and the water surface. Upon contact with water, a buzzer was sounded and the 

water level was then measured to the nearest 0.01 foot from the top of the casing. For surface 

water locations, the tape was simply used to obtain the level from the respective measuring 

point. The probe and tape were decontaminated between sites. 

Collected water levels are shown in Table 3-3 along with the surveyed elevations. Water 

levels and respective elevations are discussed in Sections 4.3 and 4.5. 
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4.0 INTEGRATED RESULTS FROM SEVERAL INVESTIGATIONS 

This section combines relevant results from previous investigations that are pertinent to 

characterization of the lowland area with the results of the recently performed additional 

lowland area characterization and monitoring investigation. The principal findings of soil, 

groundwater, and surface water conditions, as well as the nature of groundwater 1 surface 

water interactions are described below. 

4.1 SITE GEOLOGY 

As previously described, Ecology has segregated the Site into two investigative areas, the 

upland and the lowland areas. The geology in the upland area consists primarily of dense, 

fine-grained glacial till overlying coarser grained glacial outwash deposits. In contrast, the 

lowland area contains fill, estuarine deposits, and alluvial sand and gravel associated with the 

Snohomish River. Generalized geologic cross sections of the Site are shown in two figures, 

Figure 4-1 and Figure 4-2, 

4.1.1 Upland Area 

The regional geologic setting has been described by the USGS (Maps MF-1748 and 

MF-1743, Minard, 1985a,b). Late Pleistocene glacial deposition formed the upland area in 

northern Everett 20,000 to 13,000 years ago. The geology of the upland area consists of 

glacial till, underlain by advance outwash sediments. The advance outwash is a thick section 

of pebbly sand, deposited by melt water in braided streams in front of the advancing glacier. 

In addition to the pebbly sand, fine-grained sands and silts may be present in the lower part of 

the deposit, as well as coarse channel deposits cutting into the outwash material, resulting in 

a complex stratigraphy. The advance outwash may be as thick as 300 feet. 

The advance outwash is overlain by glacial till. This till is a non-sorted, compacted mixture 

of clay, silt, sand, pebbles, cobbles, and boulders, with a thickness ranging from 3 feet to over 

90 feet. The till was deposited directly by the advancing ice, which was up to 3,000 feet 

thick. Compaction of the sediments by the ice resulted in very dense material, described by 
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the USGS as a "concrete-like sediment". Mineralogically, both till and advance outwash are 

very similar, and contain a wide variety of rock types such as granite, diabase, basalt, 

sandstone, shale, conglomerate, and quartzite. The till is capable of maintaining a steep slope, 

as evidenced by the topography of the bluff that separates the upland and lowland areas 

(directly east of East Marine View Drive). The till is directly underlain by the advance 

outwash, but transitional beds exist (Minard, 1985a,b). 

Locally, the glacial till is overlain by fill material. The composition and thickness of the fill 

varies widely depending on location and origin. Within the footprint of the former smelter, 

the fill consists primarily of gravelly silty sand, crushed rock, and demolition debris. The fill 

typically averages between 2 to 6 feet in depth. However, fill and shallow till from the north 

end of the former smelter footprint were removed in the 1950s during construction of the 

SR-529 overpass. The majority of this material was used in constructing the access ramp to 

the former Weyerhaeuser East Site (currently owned by Port of Everett) and the SR-529 

southbound overpass. The fill is over 50 feet thick at the access ramp leading to the Port of 

Everett property (see - Figure 4-1). 

A transition from fill/shallow till to very compact, dense till generally occurs in the upland 

area at depths greater than 10 to 12 feet. This deep till appears unweathered and dry. The till 

is underlain by sandy outwash deposits. The depth to the base of the deep till ranges from 

about 33 feet along the east side of East Marine View Drive (borings TB-I, TB-2, TB-3) to 

greater than 90 feet at TB-4 located in the western part of the fenced area in the general 

vicinity of the former stacks. Infiltration into the till is very limited due to its dense 

compaction. 

4.1.2 Lowland Area 

The lowland area geology consists of Holocene alluvial and estuarine deposits associated 

with the Snohomish River. These deposits contain sequences of sand, silt, and clay, with 

considerable amounts of organic matter. The thickness of the alluvial and estuarine deposits 

exceeds 90 feet (Minard, 1985a,b). Hydrogeologic investigations conducted at various 
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Weyerhaeuser sites describe three main stratigraphic units in the lowland area. These consist 

of shallow fill, underlain by silt, followed by a lower alluvial sand unit. 

4.1.2.1 Shallow Fill 

The fill is described as a shallow grade fill underlain by dredged sand fill. The grade fill is 

typically comprised of gravely sand, crushed rock, or bark. The dredged fill consists of fine 

to coarse sands from the Snohomish River. The average thickness of the grade fill is 

approximately 3 feet. The dredged fill is approximately 9 feet thick. 

The fill in the lowland area adjacent to the bluff and west of the Burlington Northern Santa 

Fe (BNSF) switchyard tracks is more variable in composition than that encountered on 

former Weyerhaeuser sites to the east of the BNSF railroad tracks, including the Port of 

Everett property. The fill is composed of coarse-grained slag where the original slag pile 

once extended. The slag was deposited in this location during the operation of the smelter. 

Finer grained granular slag is present along the southern margin of the current slag pile (see - 

Figure 4-2) and is a byproduct of a rock wool operation which was present in the 1950s. The 

fill in the area surrounding the slag pile and extending to the south is finer grained than the 

dredge fill used on the Port of Everett property. This finer grained fill varies from silty sand 

to gravelly sandy silt, and was apparently placed by regrading material from the bluff to the 

lowland area (Boyd Benson, pers. comm., 1998). A very fine-grained sediment with a slag- 

like appearance was encountered at HP-26 from 10 to 21 feet below ground surface. This 

material was a similar dark gray color as the slag, but was too fine-grained to identify in hand 

samples. 

The fill material to the north and south of the slag pile is predominantly fine-grained silt and 

sand as described in the boring logs for HP-4, HP-5, HP-I, EV-5, EV-ISA, EV-ISB, 

EV-16A, LB-11, LB-12, LB-13, LB-14, LB-15, LB-19 and LB-20. These fine-grained 

sediments are similar in texture to the deeper silt layer. Fine-grained sediments were also 

encountered at monitoring well and hydropunch locations further to the south (MW-1, 

HP- 12). 
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Across the BNSF switchyard tracks to the east, the fill material is composed of coarser- 

grained sand and gravelly sand. According to Weyerhaeuser reports (Hart Crowser, 1990, 

1991), sand was dredged from the Snohomish River and used as fill in the early 1900s. The 

exact timing of emplacement of the dredge fill is unknown but it must have occurred prior to 

construction of the former Weyerhaeuser East Site in 1915. Additional fill materials were 

placed at this site and include sandy gravel, asphalt, angular pebbles and cobbles of crushed 

rock, wood debris and bark (Hart Crowser, 1990; Emcon, 1994). . ' 

Wood and metal debris were also encountered within the fill layer on BNSF property at 

monitoring well MW-2. Workers installing an optical fiber cable east of the BNSF tracks 

reported encountering large amounts of buried debris in the shallow fill south of monitoring 

well MW-2. 

4.1.2.2 Silt 

The lowland area fill is underlain by a laterally extensive layer of estuarinelwetland silt 

containing abundant organic matter. This fine-grained, clayey silt layer overlies the alluvial 

sand deposits in most portions of the lowland area. The silt layer is typically 6 to 12 feet 

thick, but can be thinner or absent locally (see - Figures 4-1 and 4-2). Ancestral channels of 

the Snohomish River have incised and eroded through the silt in some areas, replacing the silt 

with silty sand or alluvial channel deposits. Notably, these channel deposits are incised 

through the silt unit in a portion of the slag pile at the base of the bluff separating the upland 

and lowland (see Figure 4-1). 

These channel deposits consist of variable sequences of interbedded silt and fine sand, with 

sandier sequences in some areas. Channel deposits were encountered at several of the 

hydropunch, monitoring well, and soil boring locations (HP-21, HP-6, HP-7, EVdB and Geo 

Engineers [I9901 boring B-2), which suggests the silt layer has been breached in at least three 

locations by stream channels. 
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As shown in Figure 4-2, the silt layer appears to be absent adjacent to the bluff and near the 

shoreline of the Snohomish River. Based on soil data from HP-6 and HP-7, the channel 

deposits are also inferred to be absent beneath the BNSF switchyard tracks. A slough, as 

shown on a 1913 map of the former smelter, also is present in the vicinity of the BNSF 

tracks. Hydropunch locations HP-6 and HP-7 were completed along this slough further to 

the north and there is no evidence of the silt layer at those locations (see - Figure 4-2). 

A 6 to 12-inch thick peat layer, was encountered at the upper boundary of the silt at a number 

of soil boring locations south of the slag pile and may represent the original ground surface at 

the time of smelter operation. . , 

4.1.2.3 Alluvial Sand 

Alluvial sand is below the base of the silt layer in the lowland area, typically at a depth of 

approximately 20 feet. This unit corresponds with the lower sand unit described in 

Weyerhaeuser investigations (Hart Crowser, 1990; Emcon, 1994). The alluvial material 

consists predominantly of fine to coarse sand with traces of gravel and was deposited in the 

lowland area by the Snohomish River. The lower boundary of the alluvium has not been 

defined. However, previous investigations at the former Weyerhaeuser Mill E Site show 

these alluvial sands extending to a depth of at least 100 feet below ground surface (Emcon, 

1994). 

4.2 SOIL CHEMISTRY 

Soil samples have been collected for chemical analyses from numerous locations in the 

upland and lowland areas during several environmental investigations. This section provides 

an overview of soil chemistry results obtained during previous studies, with emphasis on 

arsenic as the primary chemical of concern in both smelter-impacted soils and the local 

groundwater system. 

Surface and subsurface soil samples collected during several soil sampling programs have 

typically been analyzed for total concentrations of one or more of the following constituents: 
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arsenic, cadmium, chromium, copper, lead, andlor zinc. A comprehensive table listing 

pertinent soil results from several investigations is included as Table 4-1. Consistent with 

previous reports, particularly the RI (Asarco, 1995a) and the supplemental lowland 

investigation (Asarco, 1996), the following items have been prepared to characterize the 

concentration and distribution of soil arsenic and metals, using pertinent available soils data: 

A statistical summary of soil arsenic and metals concentrations organized by 

stratigraphic unit (see - Table 4-2). 

Three exhibits showing the maximum concentrations of arsenic, cadmium, and lead 

observed at individual sampling locations (see - Exhibits 4-1,4-2, and 4-3). 

Three geologic cross sections, showing arsenic distribution with depth at various 

locations across the upland and lowland areas (see - Exhibits 4-4,4-5, and 4-6). 

The statistical summary table and exhibits are used to describe the range and variability of 

soil arsenic and metals concentrations (see - Section 4.2.1), as well as the areal and vertical 

distribution of arsenic in soils throughout the upland and lowland areas (see - Sections 4.2.2 

and 4.2.3). 

Results associated with the smelter area investigation (Asarco, 1998b) are not included in the 

two tables and six exhibits due to significantly elevated concentrations which would skew 

statistical evaluations. Therefore, a separate discussion of soil chemistry for the former 

smelter operation area (including the fenced area) is presented in Section 4.2.4. 

4.2.1 Summary Statistics 

As part of the RI (Asarco, 1995a) and supplemental lowland area investigation (Asarco, 

1996), soil samples were collected from different depths and stratigraphic units throughout 

the former smelter footprint and the surrounding area. Representative summary statistics 

(number of samples, mean, median, minimum, and maximum) for soils data were calculated 

by stratigraphic unit to provide an overview of the range and variability of arsenic and metals 

concentrations encountered in the primary upland and lowland units (see - Table 4-2). 
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a Statistics are presented in Table 4-2 for arsenic, cadmium; chromium, copper, lead, and zinc 

concentrations in soil. Results reported as below laboratory method detection limits were 

replaced with a value equal to !h the detection limit for statistical calculations. Table 4-2 was 

prepared using data for 528 soil samples. It is noted that not all samples were analyzed for 

all parameters collected from the 121 discrete sample locations used to summarize soil 

statistics. These sample locations are listed in Table 4-3 and shown on Exhibits 4-1, 4-2, and 

4-3. 

As shown in Table 4-2, stratigraphic units used to categorize soil samples for statistical 

analysis include: 

Upland Fill/Till; 

Upland Outwash; 

Upland Bluff Fill; 

Lowland Slag; 

Lowland Fill (Non-Slag); 

Lowland Peat; 

Lowland Silt; 

Lowland Channel Deposits; and 

Lowland Alluvial Sand. 

All parameters show order-of-magnitude variability over the Site, as would be expected in an 

area with localized sources. In addition, comparison of the arithmetic mean and the median 

suggests that most of the soil arsenic and metals data sets are positively skewed (the mean 

value is much greater than the median value). About 70 percent of the cadmium results 

considered were below laboratory detection limits. Statistical results for arsenic and metals 

are discussed separately below. 
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4.2.1.1 Arsenic 

Overall, soil arsenic concentrations are greatest in the upland area fillltill unit. Arsenic in soil 

samples collected at upland area locations included in the statistical analysis ranged from 2 to 

11,810 mglkg, with a mean arsenic concentration of 649 mgtkg. Upland area arsenic 

concentrations are greatest in the vicinity of the former smelter facilities (see - Section 4.2.4), 

and show a decrease with depth. In the deeper upland area outwash unit, arsenic 

concentrations ranged from 3 to 14 mgikg, with a mean concentration of 6 mglkg. As part of 

the recent investigation, near-surface (0 to 3 foot) soil samples were collected in the bluff 

area that divides the upland area from the lowland area (designated as "Bluff Fill" in Table 

4-1). Samples were collected along four east-west transects running from the base to the top 

of the bluff, at three locations per transect (the base or bottom, middle, and top of the bluff). 

Bluff fill arsenic concentrations ranged from 5 to 446 mgkg, with a mean concentration of 

138 mgkg.  These concentrations are generally lower than upland area fillltill soil arsenic 

concentrations (especially fillltill samples collected in the immediate vicinity of the former 

smelter), but higher than typical concentrations in lowland area non-slag fill. 

Soil arsenic concentrations in the non-slag lowland area fill are highly variable, ranging from 

2.5 mglkg to 5,996 mglkg, with a mean concentration of 97 mglkg. The wide range of 

lowland area fill arsenic concentrations is attributable to the heterogeneity of fill materials 

found in the lowland area. Arsenic concentrations in lowland area slag ranged from 25 to 

2,207 mgkg with a.mean of 474 mgikg. As noted in previous reports (Asarco, 1996), the 

higher arsenic concentrations in the slag are associated with granular slag at the south end of 

the slag pile. The granular slag is a byproduct of the historic rock wool operation. 

Arsenic (and metals) concentrations in slag material are usually elevated compared to native 

soils, because slag is a byproduct of metal ore refining and processing. In general, potential 

contaminants in the slag matrix tend to be bound in resistant phases that are difficult to 

remove through natural weathering, and thus, arsenic and metals are not readily leachable by 

groundwater or surface water in contact with slag. However, because slag may contain 

elevated concentrations of arsenic and metals, it may still contribute some metals or arsenic 
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to groundwater or surface water, since even a small percentage of leachable material in slag 

may be significant if the parameter of interest is present at a high enough concentration. Tests 

for arsenic leachability were conducted on slag as part of the recent lowland investigation. 

The results of leach testing are discussed in Section 5.1.2. 

Arsenic concentrations as high as 4,194 mgtkg were detected in a thin peat layer that occurs 

between the lowland fill and underlying silt units. Concentrations of arsenic in the 

underlying silt layer ranged from 4.8 mglkg to 1,712 mglkg with a mean value of 76 mglkg. 

Higher arsenic concentrations in the silt are typically present in samples at the siltlslag fill 

contact and decrease quickly with depth. Lowland soil arsenic concentrations were lowest in 

samples from the deep alluvium (mean arsenic concentration = 10 mglkg) and the channel 

deposits (mean arsenic concentration = 19 mglkg). 

4.2.1.2 Metals 

In the upland area, average concentrations of copper (1 77 mgkg), lead (575 mgkg), and zinc 

(1,287 mglkg) are highest in the bluff fill unit. Examination of individual data points for the 

bluff fill indicates that higher metals concentrations were observed in samples collected at the 

base of the bluff, rather than at the top of the bluff. The upland filUtill soils also showed 

slightly elevated concentrations of copper, lead, and zinc, although average concentrations 

were lower than in the bluff fill soils. Cadmium concentrations are generally low at all 

upland sites with the exception of some soils in the fenced area (see Section 4.2.4). 

Metals concentrations in lowland area soils vary both between different soil types and within 

a single soil type. For example, zinc concentrations in lowland area (non-slag) fill ranged 

from 19 to 79,380 mgkg, with a mean of 2,399 mgkg. Other metals were similarly variable 

in lowland area fill, with copper concentrations ranging from 14 to 1,350 mglkg, and lead 

concentrations ranging from 1.5 to 12,470 mgkg. In addition to the lowland area fill, metals 

concentration ranges over several orders of magnitude were observed for the underlying peat 

and silt layers. Zinc and lead concentrations in the peat and silt layers were exceptionally 

high (maximum concentrations of 35,480 mglkg for zinc and 1,614 mglkg for lead in the 
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peat, and 56,800 mglkg for zinc and 4,864 mglkg for lead in the silt). The peat layer 

presumably represents the original land surface and the silt layer is characterized by abundant 

organic debris. This suggests that the elevated metals and arsenic concentrations in the peat 

and -silt layers may be attributable to transport from overlying materials or historic 

deposition, followed by adsorption of metals and arsenic to organic materials or organic 

coatings at depth. 

The lowland area slag is particularly enriched in lead, which showed a concentration range of 

18 to 24,230 mglkg and a mean lead concentration of 8,999 mgkg. As noted above, metals 

concentrations are enriched in slag relative to native material. The refractory nature of the 

slag matrix generally prevents the majority of the slag-bound metals from entering 

groundwater or surface water through infiltration and natural leaching processes. However, 

loading of metals to groundwater or surface water, and subsequently to adjacent soils from 

slag may be significant in areas where slag is more leachable, or where concentrations are 

particularly high. Metals concentrations were detected at elevated concentrations in some 

fill materials in the slag pile vicinity. A lead concentration of 12,470 mglkg was observed at 

HP-21, and a cadmium concentration of 92 mglkg was observed at boring LB-7. Both of 

these locations are in shallow fill material within the slag pile perimeter. 

The deeper units (channel deposits and alluvial sands) showed less variability (i.e., lower 

maximum concentrations) than the shallower fill, peat, and silt units. In the channel deposits, 

zinc concentrations ranged from 181 to 1,116 mgkg, with a mean of 649 mg/kg, while lead 

concentrations in the same unit ranged from 3.1 to 503 m a g ,  with a mean of 13 1 mgtkg. 

The deep alluvial sands showed maximum concentrations of 49 mglkg for lead and 

1 15 mglkg for zinc. 

Chromium concentrations throughout soils in both the upland and lowland areas were 

remarkably consistent, with mean concentrations ranging from 82 mglkg in the lowland area 

deep alluvial sands to 130 mgkg in the upland area filYtill. A maximum concentration of 

502 mglkg was observed in the lowland area fill. 
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4.2.2 Areal Distribution of Arsenic and Metals 

Exhibit 4-4 shows the areal distribution of arsenic in upland and lowland area soils, based on 

samples collected during the RI (Asarco, 1995a) and the supplemental lowland investigation 

(Asarco, 1996). Exhibit 4-1 combines information obtained from concentration maps 

prepared for the RI (Asarco, 1995a) and the supplemental lowland report (Asarco, 1996), 

along with recently collected soils data. The maximum soil arsenic concentration observed at 

each sampling location and the symbol and site code for each location are ploned in color on 

Exhibit 4-1 according to the arsenic concentration associated with the location. 

The maximum concentrations of arsenic in the upland area occur within and immediately 

adjacent to the fenced area. A maximum arsenic concentration of 727,000 mglkg was 

reported at location S-l 1 1 in the fenced area. A number of other locations within the fenced 

area also had arsenic concentrations greater than 10,000 mglkg. Concentrations greater than 

1,000 mglkg are common throughout the fenced area (see - Exhibit 4-1). 

In the lowland area, maximum arsenic concentrations occur in the vicinity of the slag pile. 

Concentrations of arsenic in soils generally decrease with distance from the slag pile to the 

north, east, and south (see - Exhibit 4-1). East of the, slag pile (across the BNSF switchyard 

tracks), soil arsenic concentrations decrease to below 100 mgkg, and are less than 10 mgkg 

further east near the Snohomish River. Higher arsenic and metals concentrations were 

detected in an area at the north end the Port of Everett property near SR-529 (see - Exhibit 

4-1). Soil arsenic concentrations in this area ranged from 100 to 500 mgkg. A maximum 

concentration of 53 1 mgtkg was reported at location HP-46. 

Cadmium and lead soil maximum concentration maps (see Exhibits 4-2 and 4-3) have been 

prepared for the lowland area only, including recently collected samples. Contour maps 

showing cadmium and lead distributions in the upland have previously been presented in the 

RI (Asarco, 1995a). Overall, cadmium and lead are similar to arsenic in terms of spatial 

distribution trends (i.e., high concentrations near the former smelter facilities and the slag 

pile). Lead concentrations greater than 10,000 mglkg were observed at several sample 
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locations within or immediately adjacent to the slag pile footprint. Elevated lead 

concentrations also are present at discrete locations to the north (5,619 mglkg lead at HP-47, 

and 1,108 mglkg at EV-22N22B) and south (2,065 mglkg at LB-l I) of the slag pile. 

Concentrations of cadmium in the slag pile area are generally in the 10 to 30 mglkg range 

see Exhibit 4-2). A maximum concentration of 92 mglkg was observed at location LB-7 at (- 

the northern end of the slag footprint. Soil cadmium concentrations are mostly below 

laboratory method detection limits at sampling locations east of the BNSF switchyard tracks. 

Cadmium concentrations greater than 5 mglkg and up to 86 mgkg (at location EV-13) were 

found in the upland area fill materials along East Marine View Drive and near the SR-529 

and East Marine View Drive interchange. 

4.2.3 Vertical Distribution of Arsenic and Metals 

The vertical distribution of arsenic is depicted on geologic cross sections (see - Exhibits 4-4, 

4-5 and 4-6). Overall, arsenic concentrations tend to decrease with depth, although 

exceptions occur at some locations. A notable exception is the thin peat layer immediately 

beneath the fill in the lowland area, which shows the highest average arsenic concentration 

(2,223 mglkg) of any upland or lowland area stratigraphic unit outside of the fenced area (see - 

Table 4-2). 

In the upland area, average arsenic, copper, lead, and zinc concentrations in the fillltill unit 

are four to over 100 times greater than in the underlying outwash unit (e.g., the mean arsenic 

concentration of the filUtil1 is 649 mgkg versus 6 mgkg for the outwash @ Table 4-1). 

Vertical concentration trends in the lowland area are slightly more complex, due to the 

placement of fill and redistribution of material in parts of the lowland since the former 

smelter was in operation. The peat layer underneath the lowland fill to the south of the slag 

pile appears to represent the original ground surface at the time of smelter operation and has 

accumulated elevated concentrations of arsenic, lead and zinc (mean concentrations of these 

parameters in the peat layer exceed mean concentrations in the lowland fill). The channel 

deposits at the base of the bluff also show elevated lead (average = 13 1 mglkg) and zinc 
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(average = 649 mglkg) compared to the deeper alluvial unit. The average concentrations of 

arsenic and lead in the alluvium are 10 mglkg and 7 mgkg, respectively. 

4.2.4 Results of Smelter Area Investigation 

The smelter area investigation (Asarco, 1998b) focused on the fenced area. The main goals 

of the investigation were to determine the extent of smelter debris and its distribution with 

respect to former smelter facilities, and to identify the nature and extent of soils or material 

that may be a contaminant source for surface water and groundwater. Soil samples were 

collected from 60 locations and analyzed for arsenic and lead (see - Table 4-4). Selected 

samples were also analyzed for fish bioassay to assist in the determination of potential waste 

categories and by SPLP to assess leaching characteristics. 

Intact floors and foundations of former smelter structures were found within the fenced area 

at depths between one and four feet below the current ground surface and closely follow 

historical facility maps. The investigation indicated that soils with flue dust have arsenic 

concentrations up to 25,000 mglkg, and soil with residuals of arsenic trioxide have arsenic 

concentrations up to 760,000 mglkg. Soils with flue dust andlor arsenic trioxide were usually 

mixed with smelter demolition debris within and immediately adjacent to the footprints of 

structures where they were handled, processed, or stored. 

Soil borings did not encounter smelter residuals immediately outside the fenced area except 

in a relatively small area in the adjacent East Marine View Drive right-of-way. These 

findings indicated that smelter residuals are not present in residential properties adjacent to 

the fenced area. However, some smelter material with arsenic concentrations significantly 

lower than soils in the fenced area were encountered in fill beneath the SR-529 overpass. 

Previous testing indicated that soil with arsenic concentrations near 3,000 mgkg can exceed 

the TCLP standard of 5 mg/L. SPLP results indicated that smelter materials containing 

residual arsenic trioxide or flue dust can act as sources of arsenic to groundwater under 

ambient leaching conditions (e.g., rainfall). However, the potential for groundwater impacts 
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from smelter residuals is dependent on several factors including arsenic concentration, 

material volume, local infiltration rates, and subsurface transport pathways. The smelter area 

investigation concluded that smelter residual materials in the fenced area were potential 

sources of elevated arsenic to groundwater and surface water at the Site, particularly in the 

upland area. 

It was estimated that there are approximately 20,000 to 25,000 cubic yards of soil with 

arsenic concentrations greater than 3,000 mg/kg in an area of about 2.8 acres. Within that 

area, there are 1.4 acres containing approximately 10,000 to 15,000 cubic yards of soil with 

arsenic concentrations over 10,000 mglkg. These areas were found to directly coincide with 

former arsenic processing facilities located between East Marine View Drive and Pilchuck 

Path in the fenced area (see - Figure 4-3). 

4.3 SITE HYDROGEOLOGY 

The general hydrostratigraphic framework of the upland and lowland areas wasdefined in the 

RI (Asarco, 1995a) and further refined in the supplemental lowland area investigation 

(Asarco, 1996). Data collected during the recent lowland area- investigation are used to 

further refine the conceptual model of the site hydrogeology, particularly the lowland area. 

4.3.1 Hydrostratigraphic Units 

There are six principal hydrostratigraphic units; three in the upland area and three in the 

lowland area (see Table 4-5). These six units are further described in the following 

subsections. 

4.3.1.1 Upland Area Hydrostratigraphic Units 

The upland area is underlain by a thick sequence of glacial till over a deeper sequence of 

advance outwash deposits. Section A to A' (see - Figure 4-1) is an east-west cross-section 

showing the stratigraphy of the upland and its contact with the adjacent lowland system. The 

till is mantled over much of the upland area by a surficial layer of fill comprised of silt, sand 

and gravel, which is locally intermixed with smelter debris in and near the fenced area. 
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Groundwater has been encountered at shallow depths in the shallow till and associated fill at 

only a few locations and usually for limited periods. Typically these occurrences involve 

thin zones of saturation that develop seasonally in response to periods of sustained 

precipitation. The deeper till, below depths of 10 to 15 feet, has been found to be dry at 

nearly all locations investigated. An unconfined groundwater flow system occurs within the 

advance outwash deposits, with the water table typically occurring 15 to 20 feet below the 

base of the overlying till. 

Fill/Shallow Till 

Seven monitoring wells are completed in the upland fill/till unit (EV-I, EV-10 through 

EV- 14, and EV-4A). Of these wells, three have always been dry (EV-I 0, EV- 12 and EV- 14); 

two have exhibited some saturation during the wet season (EV-1 I and EV-13) and two have 

consistently shown saturation (EV-1 and EV-4A). No saturation was found in the fill/shallow 

till unit during drilling at multiple locations along East Marine View Drive (TB-1, TB-2, 

TB-3, EV-3, EV-I8B, EV-19B and EV-2OB). 

Some shallow saturation was encountered in one test pit at the northern end of the fenced 

area. As part of the supplemental lowland investigation, test pits TP-1 and TP-2 were 

excavated on February 12, 1996 within the fenced area, and encountered partially intact brick 

foundations and flue structures within the fill layer. Dense till was encountered at 11 feet 

below ground surface (bgs) in TP-1 and at 6 feet bgs in TP-2. Very limited groundwater 

(approximately 0.1 gpm) was encountered in TP-1 at a depth of 6 to 8 feet and no 

groundwater was encountered in TP-2. No groundwater was encountered in the shallow 

fillltill in any of the 12 test pits excavated in March of 1998 for the smelter area 

investigation. 

The available data indicate that a continuous, perennial groundwater flow system is not 

present in the shallow tilVfill unit. However, there is ample evidence to suggest that 

saturated flow conditions in this unit do occur for periods of time in some portions of the 

Site. Evidence in addition to the monitoring well data include the temporary presence of 
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seeps at the northern edge of the fencedarea along the access road to SR-529 and indications 

of groundwater inflow to the sewer system within the fence area, as noted in subsequent 

sections addressing surface water hydrology. 

Deep Till 

As noted in Section 4.1, a transition from fill/shallow till to very compact, dense till generally 

occurs in the upland at depths greater than 10 to 12 feet. Based on a number of soil borings 

completed throughout the upland area, the deep till appears unweathered and dry. The only 

occurrence of saturation noted within the deep till is at a depth of 39-43 feet in boring TB-4, 

which was located in the western portion of the fenced area during the smelter area 

investigation. The till is truncated at the bluff separating the upland from the lowland area, 

and partially to fully mantled by fill material, including slag. The till is entirely absent at 

boring EV-20B, where fill overlies the outwash sands. 

Advance Outwash 

Several monitoring wells have been completed in the advance outwash unit, including EV-3, 

EV-18B, EV-19B, EV-20B and probably EV-4B. The outwash deposits, which typically 

consist of fine- to medium-grain well sorted sands, are unsaturated at and below the contact 

with the till. The water table in the outwash is encountered approximately 15 to 20 feet 

below the contact with the till. The outwash deposit is similarly truncated at the margin of 

the Snohomish h v e r  valley by the incised alluvial deposits and abuts the lowland 

hydrostratigraphic units described below, including the fill (and slag), the intervening silt 

unit, and the deeper alluvial sands. 

4.3.1.2 Lowland Area Hydrostratigraphic Units 

As described in Section 4.1, the stratigraphy in the lowland area consists of fill of varying 

composition overlying an estuarine silt layer and deeper alluvial sands. The shallow fill layer 

and the deeper sequence of alluvial sand form the two principal water bearing units - a 

shallow and a deep groundwater system. These units are separated by a confining layer of 

fine-grained,clayey silt, which limits flow between the two aquifers. 
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Fill - 
The lowland area fill hydrostratigraphic unit includes the widespread sandy fill, an area of 

silty fi l l  south of the slag pile, and the localized slag deposits at the base of the bluff. 

Twenty-one monitoring wells are currently installed in this unit. The water table is generally 

within 1 to 2 feet of the ground surface. Further discussion of the surface waterlgroundwater 

interactions is included in Section 4.5. 

Silt Layer 

No monitoring wells are completed within the silt layer, which forms a confining layer 

between the overlying fill and the underlying alluvial sands. As previously discussed, the silt 

layer is absent locally where it has been replaced by coarser channel deposits. The absence 

of the silt layer in these locations may be hydrologically significant, since it provides a 

potential conduit for groundwater flow between the shallow and the deep aquifers. 

Alluvium 

The alluvium forms the deep groundwater system in the lowland area. Fifteen monitoring 

wells are currently installed in this unit. Alluvial sand has been encountered in all of the 

lowland area borings that penetrate below the base of the silt layer, typically at a depth of 

about 20 feet. The alluvial material consists predominantly of fine to coarse sand with traces 

of gravel and was deposited by the Snohomish River. The lower boundary of the alluvium 

has not been defined. However, monitoring wells on the former Weyerhaeuser KoppersMill 

E Site show these alluvial sands extending to a depth of at least 100 feet below ground 

surface (Emcon, 1994). 

4.3.2 Aquifer Characteristics 

Aquifer test (slug test) results for representative hydrostratigraphic units were presented in 

the RI (Asarco, 1995a). Additional tests were conducted as part of the supplemental lowland 

area investigation (Asarco, 1996). The recent investigation in 1998 and 1999 also included 

three tests to provide additional characterization of the lowland hydrostratigraphic units 
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Several limitations should be considered in evaluating these test results relative to site-wide 

characterization issues. 

Slug tests measure the influence of a relatively small volume of aquifer material 

compared to longer-term pumping tests. Slug test data are therefore useful in 

showing the spatial variability in aquifer properties across a site, but taken 

individually may be strongly influenced by local heterogeneities. 

Slug tests in highly permeable materials or confined units with substantial head 

may show an oscillatory water level response which makes the interpretation of 

slug test results more difficult. This phenomena is referred to as an underdamped 

or critically underdamped response and is described by Van der Kamp (1976). 

The slag wells, and a number of the slug tests in the confined alluvial aquifer, 

show a critically underdamped response in which water level oscillations occur 

superimposed on a conventional response curve. Depending on the degree of 

response, an analytical solution is difficult to apply on these tests. In addition, the 

water level recovery in a number of the slag wells was nearly instantaneous, 

providing minimal data to interpret. 

Recognizing these limitations, where possible, attempts to test and compare results from 

individual hydrostratigraphic units at a number of locations have been made. These data 

have been used to establish average hydraulic conductivity values for each unit. The results 

are presented, together with those from previous investigations in Table 4-6. The results for 

individual upland and lowland area units are discussed and compared to literature values as 

well as to test results from Weyerhaeuser investigations in the lowland area. 

4.3.2.1 Upland Area Till 

Split spoon samples from the deeper unsaturated till at EV-I and EV-2A were submitted to 

Pacific Testing Laboratories in Bothell, Washington, for perrneameter testing to determine 

the hydraulic conductivity of the deeper till (Asarco, 1995a). Samples were submitted from 

EV-1 at 17.5 to 19.5 feet, and EV-2A at 10.5 to 12 feet. The tests were run using a flexible 

wall permeameter according to ASTM Method D-5084. The results are shown in Table 4-6 
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and indicate a hydraulic conductivity range for the deeper till  of approximately 2 x 10" 

to 6 x cdsec .  The hydraulic conductivity results for the deeper till are 3 to 4 orders of 

magnitude lower than the shallow till which is indicative of the permeability contrast 

between the weathered and unweathered till. 

4.3.2.2 Upland Area Advance Outwash 

Slug tests at monitoring wells EV-3 and EV-4B completed in the advance outwash indicate 

hydraulic conductivities ranging from approximately 6 x 10" to 3 x loJ cmlsec, respectively 

(Asarco, 199Sa). T h e  higher results at EV-3 may be a more accurate indication of the 

permeability of the advance outwash deposits since problems encountered with running sands 

at EV-4B may have influenced permeability results at that site. When setting the monitoring 

well at EV-4B, fine sands were forced into the borehole by the hydraulic pressure in the 

formation and may have reduced the efficiency of the sandpack and well screen. This is 

suggested by a relatively high turbidity at this well compared to other wells, which persisted 

after monitoring well development. 

4.3.2.3 Lowland Area Fill 

Monitoring wells MW-2, MW-3, MW-4A, MW-5, WP-1, EV-1SA and EV-16A, which are 

screened in sand or silt, were tested within the shallow lowland area fill. The hydraulic 

conductivities at individual monitoring wells ranged from about 0.03 to 87 feet per day 

(2E-05 to 3.lE-02 cdsec). The results for EV-15A and EV-16A, which are located south of 

the slag deposit, were very low (0.03 to 0.05 Wday) relative to the results at other fill test 

locations. These two monitoring wells are screened in sandy silt and silt rather than the more 

typical sand comprising the lowland area fill. The average hydraulic conductivity for the 

other five fill monitoring wells was 52 ftlday (1.9E-02 cdsec).  Weyerhaeuser tests from 13 

monitoring wells in fill material averaged 20 Wday (Emcon, 1994). These results are 

consistent with values presented in the literature for sandy aquifers (Freeze and Cherry, 

1979). 
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The results for the hydraulic testing of the wells completed in slag are discussed separately 

because of the large difference in hydraulic characteristics. Slug tests were conducted within 

the slag at monitoring wells EV-6A, EV-7A, EV-8A and EV-9A. Monitoring well EV-9A 

was considered separately since the slag at this location is granular slag versus coarser- 

grained slag in the other monitoring wells. Test results indicate the granular slag at EV-9A 

has a hydraulic conductivity of 146 Wday (5.lE-02 cdsec) .  This is within the range of a 

very well-washed sand. The coarser slag produced hydraulic conductivities ranging from 425 

to 1,166 Wday (l.5E-01 to 4.12 E-03 cdsec) .  The slug tests yielded an average hydraulic 

conductivity of approximately 1,000 Wday. However, the fit of curve-matching results to 

conventional analytical solutions was poor. Testing of slag wells at the Tacoma Smelter Site 

yielded similar hydraulic conductivity values ranging from 510 to 1,050 Wday (0.18 to 

0.37 cdsec) .  The permeability varied substantially depending on the texture of the slag. 

The results of on-site testing confirm the slag is highly permeable. However, the 

permeability results should be considered a general approximation for purposes of 

conducting hydrologic flux or potential dewatering characteristics. 

4.3.2.4 Lowland Area Silt Layer 

No wells are completed within the silt layer and therefore, no testing of the silt layer was 

conducted by Asarco. However, previous testing by Weyerhaeuser (Hart Crowser, 1989; 

Emcon, 1994) has indicated an average vertical permeability of the silt of 6.2E-04 Wday 

(2.2E-07 cdsec).  As previously discussed, the silt layer is absent locally where it has been 

replaced by coarser channel deposits. 

4.3.2.5 Lowland Area Channel Deposits 

The channel fill deposits consist of varying thicknesses of silt, sand, and silty sand. The 

results of testing at EV-6B yielded a hydraulic conductivity of 32 Wday (1.13E-02 cmlsec). 

This is representative of a moderately clean sand (Freeze and Cherry, 1979) and is likely 

indicative of horizontal permeability in the coarse-grained intervals observed at this well. 

Monitoring well EV-6B also shows the presence of interlayered silt which may substantially 

reduce the vertical permeability of this unit. Discrete silt layers were not apparent at all 
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locations where the channel deposits replace the silt unit. For example, channel deposits at 

HP-6 and HP-7 appear to be predominantly sand. Vertical hydraulic conductivities at these 

locations may still be 2 to 10 times lower than horizontal hydraulic conductivities due simply 

to normal, layered heterogeneities (Freeze and Cherry, 1979). 

4.3.2.6 Lowland Area Alluvium 

The alluvium was slug tested at nine locations (MW-1, MW-4B, EV-SB, EV-7B, EV-SB, 

EV-9B, EV-15B, MW-103D and MW-108D). Hydraulic conductivities ranged from 

1.4 ft/day to 174 ft/day (4.9 E-04 to 6.1 E-02 cmlsec) with an average hydraulic conductivity 

of 21 Nday (7.43E-03 cdsec) .  Higher hydraulic conductivities were encountered towards 

the shoreline. Weyerhaeuser reported horizontal hydraulic conductivities for the lower sand 

unit ranging from 17 to 255 ft/day (0.006 to 0.09 cdsec )  with an average hydraulic 

conductivity of 142 Nday (0.05 cdsec) .  The somewhat-higher Weyerhaeuser average for 

this unit appears consistent with values determined by Asarco at MW-103D and MW-108D. 

The results are consistent with the range of typical values presented in the literature for sand 

aquifers. 

4.3.3 Hydraulic Gradients and Groundwater Flow Velocities 

Asarco has conducted routine monitoring of water levels at numerous monitoring wells in the 

upland and lowland areas. The water level data have shown trends generally consistent with 

previous data compiled for Weyerhaeuser investigations and for the RI (Asarco, 1995a) and 

the supplemental lowland area investigation (Asarco, 1996). Previous investigations by 

Asarco and others have shown that groundwater flow directions in both the shallow and deep 

lowland aquifers tend to be from the upland area toward the Snohomish River or 

approximately eastlnortheast. However, the addition of several new monitoring wells and 

data from additional Hydropunch locations and surface water measurement locations, in the 

case of the lowland fill, have allowed some refinement of the apparent groundwater flow 

patterns. 
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The advance outwash in the upland, is potentially contiguous with the fill (and slag) and the 

deeper alluvium within the lowland area. The exact nature of the hydraulic connection 

between the outwash and these lowland units is difficult to establish. The presence of the 

channel deposit incised through the lowland area silt unit at the lowland margin (as at 

location EV-6) further complicates the evaluation. Since the outwash may contribute to both 

the shallow fill and deeper alluvial groundwater systems in the lowland area, the 

potentiometric maps for both the shallow and deep groundwater systems include water level 

data from advance outwash monitoring wells located at the western edge of the lowland area. 

4.3.3.1 Tidal Effects 

Three tidal investigations have been conducted to assess the effects of tidal variations in the 

Snohomish River on groundwater levels and flow gradients. The degree to which 

groundwater levels are influenced by tidal fluctuations is primarily dependent on the aquifer 

type (confined versus unconfined) and the character of the hydraulic connection to the river. 

Flow conditions in the lowland alluvial sand unit (the deep groundwater system) are 

generally confined (i.e., the water level in a well rises above the top of the silt aquitard 

overlying this unit) and this unit intersects and lies beneath the Snohomish River channel. 

During low tide, water levels may drop below the top of the unit creating locally unconfined 

conditions near the river. Groundwater flow in the lowland fill unit is unconfined (e.g., water 

table conditions) and this thin (usually 10 feet or less) unit outcrops on the riverbank 

generally above the elevation of the mean river stage. 

The first investigation was conducted in July 1990 by Hart Crowser at the former 

Weyerhaeuser Mill EKoppers Site, located southeast of the former smelter (Hart Crowser, 

1990). The investigation included continuous monitoring over a 72 hour period of the tidal 

response in two monitoring wells completed in the Lower Sand (lowland alluvial sand unit), 

three monitoring wells completed in the Upper Sand (lowland fill unit) and the Snohomish 

River. Four of the five monitoring wells were located within 50 feet of the Snohomish River. 

The response to tidal fluctuations was large in the alluvial sand wells, with an amplitude of 

approximately 70-75 percent of the river stage fluctuation, or a maximum of about 8 to 9 feet. 
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Hart Crowser concluded that flow reversal (away from the river) occurred near the river for 6 

to 8 hours a day. Their calculations indicate net flow towards the river, with an average 

hydraulic gradient of 0.02. The tidal response in the shallow wells was only evident in the 

water levels in the two wells adjacent to the river with a maximum amplitude of only a few 

tenths of a foot or less. 

Asarco conducted an investigation in May 1993 to assess the tidal effects on the shallow and 

deep groundwater units in the general area of the former smelter (Asarco, 1995a). Water 

levels were monitored in the Snohomish River and in wells completed in the advance 

outwash, the lowland fill unit, and the lowland alluvial sand unit. These wells were located 

1,100 to 1,500 feet from the Snohomish River. The maximum amplitude of the response to 

tidal fluctuations in the two alluvial sand wells monitored was 2.5 to 3 feet. However, no 

gradient reversals were evident in the area between EV-7B and MW-4B. Tidally-induced 

water level fluctuations in monitoring wells completed in the upland area advance outwash 

and the lowland area fill unit were negligible. The minimal response in the advance outwash 

was believed to be related to the unconfined flow conditions in this unit. 

A second tidal investigation was conducted by Asarco in February 1996 to further evaluate 

the potential effects of tidal fluctuations on groundwater levels and flow in the vicinity of the 

Snohomish River shoreline (Asarco, 1996). Water level measurements collected at 

Weyerhaeuser wells MW-103D and MW-IOSD as part of that investigation showed tidally 

induced water level fluctuations of approximately 6 feet following a 7.5 foot tidal fluctuation 

in the Snohomish River. Water level fluctuations of approximately 0.1 feet were observed in 

shallow monitoring wells MW-103s and MW-105s during this same period. 

4.3.3.2 Groundwater Flow - Shallow System 

Four rounds of groundwater level measurements were collected as part of the recent lowland 

area investigation in 1999 on the following dates: March 5, April 9, June 11, and July 29. 

These static water level measurements were converted to groundwater elevations in order to 

develop potentiometric maps (see - Figures 4-4 and 4-5). 
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Figures 4-4 and 4-5 are potentiometric maps of the shallow groundwater system for the 

March 5 and June 11, 1999 water level measuring events. The June 1 1, 1999 data (see - 

Figure 4-5) was used rather than the most recent July 29, 1999 data for comparison with 

March 5, 1999 (see - Figure 4-4) data because it included the additional shallow hydropunch 

data. 

Water level data are shown for wells completed in the shallow fill unit and at surface water 

measurement locations along the drainage system in the lowland area. In addition, the water 

level elevations measured in wells completed in the advance outwash deposit at the western 

edge of the lowland area are included on the potentiometric maps. 

The potentiometric maps for the shallow lowland groundwater system indicate a generally 

eastward regional groundwater gradient toward the Snohomish River. However, surface 

water features, drainage improvements and changes in the permeability of the fill create local 

variations in hydraulic gradients and flow directions. To the west of the BNSF switchyard 

tracks, groundwater levels are relatively flat and similar to levels in the advance outwash 

deposits beneath the bluff. A northerly flow component, consistent with surface drainage, 

appears to be present in this area. The surface water elevations measured in drainage ditches 

and standing water are generally similar to groundwater elevations, confirming the likely 

hydraulic connection of these surface drainage features with the shallow groundwater system. 

The potentiometric contours show a relatively steep gradient across the BNSF railroad tracks. 

The gradient across the track area is approximately 0.01 (1 foot of water level change per 

100 feet of horizontal distance) while overall gradients elsewhere are much lower, ranging 

from 0.001 to 0.002. This difference in water levels to the east and west of the BNSF tracks 

becomes more pronounced seasonally. Water levels decline to the east of the tracks, but show 

only minimal changes to the west. This condition has been attributed to lower permeability 

and greater consolidation of the fill beneath the BNSF switchyard and railroad tracks which 

restricts the eastward flow groundwater. 
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Two anomalous features are evident on the shallow potentiometric maps on the Port of 

Everett property to the east: 1) the potentiometric low centered on Weyerhaeuser well 

MW-lO8S(W); and 2) the potentiometric high associated with wells EV-21A and 

MW-104S(W). A decline in the water table near MW-108S(W) became evident in 1996 

following Weyerhaeuser's implementation of drainage improvements in this vicinity. Water 

levels have remained low in this area since that time. The cause of the potentiometric high 

has not been firmly established but is probably due to several factors, including variations in 

fill texture and local recharge conditions (e.g., reported closed depressions that may be areas 

of focused recharge). 

4.3.3.3 Groundwater Flow - Deep System 

Four rounds of groundwater level measurements were collected as part of the recent lowland 

area investigation in 1999 on the following dates: March 5, April 9, June 11, and July 29. 

These static water level measurements were converted to groundwater elevations in order to 

develop potentiometric maps (see - Figures 4-6 and 4-7). 

Figures 4-6 and 4-7 are potentiometric maps of the deep groundwater system (alluvial 

aquifer) for the March 5 and July 29, 1999 water level measuring events. These events are 

used events because they likely show the most seasonal variability between spring and 

summer. 

Water levels were measured at low tide to minimize the effects of tidal variations. Water 

levels and thus, hydraulic gradients, in the alluvial aquifer are tidally influenced, as discussed 

previously. In summary, while large tidal fluctuations have been measured, these effects 

lessen with distance from the Snohomish River. Actual gradient reversals only occur for 

limited time periods during high tide within a few hundred feet of the shoreline. 

The potentiometric contours for the deep groundwater system indicate that groundwater flow 

is typically slightly to the north of due east, or very nearly perpendicular to the channel of the 

Snohomish River. Water level elevations are uniformly higher in March 1999 (see Figure 
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4-6) and decrease into the summer months (see - Figure 4-7). In all cases, the observed 

gradients are relatively steep in the area just east of the fenced area (vicinity of slag deposit) 

and much lower from the western edge of the BNSF railroad tracks to the Snohomish River. 

4.3.3.4 Groundwater Flow Velocities 

Hydraulic conductivity results were evaluated together with hydraulic gradient data to derive 

estimates of the average rate of groundwater flow in specific hydrostratigraphic units. 

Estimated groundwater velocities generally average between 0.5 and 2 feet per day in the 

sandier stratigraphic units (outwash, lowland fill east of the BNSF switchyard tracks, and 

alluvium). The estimation of groundwater flow velocities in the area between the bluff and 

the BNSF switchyard tracks is complicated by the complex hydrology of the area and 

velocities calculated from horizontal gradients within single units may not accurately depict 

flow vectors. The primary conditions affecting the calculation of flow velocities are the 

interconnection of the shallow fill (including slag) flow system with surface drainage ditches, 

and the apparent connections between all permeable hydrostratigraphic units in the general 

area of the slag pile and bluff. 

The vertical rate of flow through the silt layer was estimated to be 0.002 ftlday based on 

vertical permeability estimates derived by Weyerhaeuser for the silt and typical gradients 

between the fill and the alluvium. 

4.3.4 Groundwater Quality 

The groundwater quality trends in the upland and lowland areas have been defined in the RI 

(Asarco 1995a) and further refined in the supplemental lowland investigation (Asarco, 1996). 

More data collected during the recent investigation in 1999 are presented here with some 

historical data to further refine water quality relationships in the upland and lowland areas. 

Analytical results for groundwater samples were collected at monitoring wells and 

hydropunch locations in February, March and June of 1999. Results include field parameters 

(pH, specific conductance, and dissolved oxygen), common ions (calcium, magnesium, 
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sodium, potassium, alkalinity, acidity, bicarbonate, sulfate, and chloride), arsenic (total, 

dissolved, Aso,,, and As,,,), and metals (cadmium, chromium, copper, lead, and zinc). 

4.3.4.1 General Chemistry 

The major ion chemistry for sample locations within each of the two principal 

hydrostratigraphic units in the upland and lowland areas (shallow and deep aquifers) is 

shown on a Piper trilinear diagram in Figure 4-8. The location of a sample on the trilinear 

diagram is indicative of the relative concentrations of major anions and cations. As indicated 

in Figure 4-8, samples from different hydrostratigraphic units group in slightly different areas 

of the diagram indicating that each unit has a somewhat distinct water quality signature. 

The anion composition in both shallow and deep lowland area monitoring wells is dominated 

by bicarbonate, while upland area monitoring wells tend to show higher proportions of 

sulfate and chloride relative to the lowland area. Shallow monitoring well EV-6A which is 

completed within the slag at the boundary between the upland and the lowland areas, shows 

an increased contribution from sulfate and chloride relative to the other lowland area shallow 

monitoring wells. 

In the shallow lowland area monitoring wells, calcium is the dominant cation, with about 

equal contributions from magnesium and sodium plus potassium. Slag samples tend to be 

particularly high in calcium. In contrast, the deep lowland area groundwater samples show a 

much greater relative contribution of magnesium (45-65 percent of the total 

milliequivalents/liter [meqk] of cations present). At locations closer to the Snohomish River 

shoreline, there is a higher relative concentration of sodium plus potassium. 

The water quality trends shown on the piper diagrams can also be used to evaluate potential 

groundwater mixing relationships and flow paths. For example, the major ion chemistry of 

the shallow groundwater within the upland area till at well EV-13 is very similar in 

a composition to water quality at the nearby deep upland area well EV-20B. As will be 

discussed in the next subsection, both of these monitoring wells have high arsenic 
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concentrations. From EV-ZOB, there is a distinctive progression in water quality along a 

downgradient flow path to EV-17B, EV-7B, EV-8B, etc. Source areas and transport 

pathways are discussed further in Section 5. 

Groundwater pH typically ranges between 6 to 8 with the majority of values (>90 percent) 

less than pH 7.0. The pH range is higher (8 to 1 I), in the slag, with the highest values near 

well EV-7A and hydropunch locations HP-21 and HP-23. 

Minor variations in water quality were previously described--in groundwater at'shoreline 

monitoring stations (HP-41, MW-lO3D and MW-1OSD) during the tidal investigation 

(Asarco, 1996). The specific conductance of deep groundwater fluctuated approximately 

10 percent to 15 percent over a tidal cycle, while arsenic trends in HP-41 showed a similar 

trend, fluctuating from 0.032to 0.042 over a tidal cycle. Minor variations in field parameters 

(less than 10 percent) were noted in shallow monitoring wells (MW-103s and MW-105S), 

but these appeared random with no correlation to tidal water level trends. 

4.3.4.2 Arsenic 

The groundwater arsenic evaluation focuses on dissolved constituents rather totals since a 

number of the sampling sites produced suspended sediments during sampling that potentially 

complicated the interpretation of the total arsenic data. Dissolved and total values are similar 

at most sites. The hydopunch sites, in particular, had very large fractions of suspended 

material in the samples since these samples were collected directly from the formation 

without the benefit of a sandpack or well development to eliminate the fines. The 

hydropunch sites also tended to show slightly higher dissolved concentrations of arsenic than 

wells in areas where the wells indicated concentrations near the detection limits. These low 

level discrepancies may be due to aquifer disturbance during hydropunch sampling. As a 

result, concentration contours were based primarily on the well values, although both the well 

and hydropunch results are shown. 
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Dissolved arsenic concentrations ranged from 0.63 mg/L to 47 mglL in shallow upland 

groundwater and <0.005 mg/L to 3.7 mg/L in shallow lowland groundwater. Dissolved 

arsenic in the deep groundwater system ranged from <0.005 to 13 mg/L in the upland and 

<0.005 to 15 mg/L in the lowland. Exhibits showing dissolved arsenic trends in the shallow 

and deep groundwater systems were compiled from Asarco and Weyerhaeuser monitoring 

results (see - Exhibits 4-7 and 4-8). Table 4-7 lists total and dissolved arsenic measurements 

from the two rounds of groundwater monitoring (March and June, 1999). 

As shown on these exhibits, the highest arsenic concentrations were detected at EV-11 and 

EV-13, within the shallow till near the eastern boundary of the fenced area. Both of these 

locations are immediately downgradient of former flue structures or arsenic processing 

facilities. As previously described, groundwater is only present at these locations during one 

or two months of the year at the height of the wet season. 

The highest arsenic concentrations in the shallow lowland groundwater system (3.7 mg/L) 

were detected at EV-17A. This well lies at the base of the bluff immediately downgradient 

of EV-13 and is also near the area where storm water seeps were detected in the upland (see 

Exhibit 4-7). EV-17A is also downgradient of the arsenic plume in the deep upland outwash 

system suggesting that the outwash could be contributing some arsenic to the shallow 

lowland system at this location. Arsenic concentrations of 2 to 3 mg/L extend east from EV- 

17A into the slag pile and then north for a short distance. This is consistent with inferred 

groundwater flow directions. Arsenic concentrations in monitoring wells completed near the 

perimeter of the slag pile are generally less than 0.5 m g L  arsenic. Groundwater arsenic 

concentrations in the shallow groundwater system decrease gradually to the north and are at 

0.05 mg/L at EV-23A near the SR-529 overpass. Arsenic concentrations drop more a b ~ p t l y  

to the east, decreasing to 0.007 mg/L or less immediately east of the BNSF switchyard tracks. 

The arsenic concentrations also decrease to the south to 0.032 and 0.085 mg/L at EV-15A 

and EV-16A, respectively. As discussed in Sections 4.2 and 4.3, the fill in the areas south of 

the slag pile is very fine-grained and produces very little water. 
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Arsenic concentrations of 0.56 mg1L to less than 0.005 mg/L are present in shallow 

groundwater at the Port of Everett property. The highest arsenic concentrations (0.56 mgL 

to 0.21 mg1L) were detected in the area between SR-529 and the new access ramp to the Port 

of Everett property. The well logs show very little sand fill at this location. The hydropunch 

samples were collected from shallow silt which may be a factor in the higher concentrations 

observed in this area. Very low arsenic concentrations (0.005 mglL or less) were present in 

shallow groundwater at the Snohomish River shoreline. Two shoreline sampling locations 

(HP-21 and HP-53) showed slightly higher arsenic concentrations (0.020 and 0.024 mgL, 

respectively). 

The previous lowland investigations established the presence of a relatively narrow plume of 

arsenic in the deep alluvial groundwater system at concentrations greater than 1 m a .  

Monitoring wells EV-18B, EV-19B and EV-20B were completed in the deep upland outwash 

aquifer to determine whether this plume originates from an upland source. Monitoring well 

EV-20B is immediately upgradient of the arsenic plume in the lowland groundwater system 

and was found to have a dissolved arsenic concentration of 13 mg/L. Shallow monitoring 

well EV-13 in the upland area and the area of storm water seeps lie immediately upgradient 

of monitoring well EV-20B. In the lowland area, arsenic concentrations in the deep plume 

gradually decrease to the east and then abruptly drop off over two orders of magnitude to 

0.04 m g L  in a relatively short distance at the Port of Everett property (see - Exhibit 4-8). 

Arsenic concentrations are generally less than 0.005 m a  in the deeper alluvial groundwater 

system to the north and south with the exception of HP-45 which reported an arsenic 

concentration of 0.034 m a .  Arsenic concentrations at hydropunch locations east of the 

plume ranged from 0.005 to 0.060 mg/L. However, subsequent sampling at well locations in 

this same area all showed arsenic results of less than 0.005 m g L  (see - Exhibit 4-8). 

A separate arsenic plume was detected in the deep groundwater system further to the south at 

the former Weyerhaeuser Mill EKoppers Site during previous investigations. Weyerhaeuser 

data from this site show afsenic concentrations in the deep groundwater system of 1.5 mg/L 

see Exhibit 4-8). (- 
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4.3.4.3 Metals 

Dissolved lead concentrations in the shallow and deep groundwater systems are shown in 

Figures 4-9 and 4-10 respectively. Lead is present in shallow groundwater at a number of 

locations in the immediate slag pile vicinity. Concentrations of dissolved lead are extremely 

variable ranging from 0.89 mg/L at HP-45 to less than detection (<0.005 mglL). 

Concentrations away from the slag pile are all less than 0.005 mg/L. 

Lead was also present at detectable concentrations at a few locations in the deep groundwater 

system. Dissolved lead was present at 0.088 mg/L at HP-21, 0.04 mg/L at HP-23 and 

0.029 mg/L at HP-26. These locations correspond to the same area (slag pile) where lead is 

present in the shallow groundwater system. 

Zinc concentrations in the shallow and deep groundwater systems are shown in Figures 4-1 1 

and 4-12. Zinc was detected at EV-6A (monitoring well near the slag pile) at a concentration 

of 24 mg/L and at HP-26 (also near the slag pile) at 3 mgL. The remainder of the locations 

reported zinc concentrations of less than 1 mg/L. 

Cadmium was not present at detectable concentrations at any of the groundwater sampling 

locations and therefore, no figures have been prepared. Most other metals are rarely present 

in groundwater at detectable concentrations as well. Where metals do occur at detectable 

concentrations, it is generally within the slag pile or in the particulate phase (i.e., total rather 

than dissolved concentrations). 

4.4 SURFACE WATER 1 STORM WATER CONDITIONS 

Various surface water investigations have been conducted at the Site, primarily directed 

towards characterization of storm runoff. Extensive storm water sampling occurred recently 

in the upland and lowland areas as part of the storm water and storm drain sediment 

characterization investigation. The storm water results for the upland and lowland areas are 

reviewed in this report to identify how these processes potentially affect water quality in the 

lowland area. Data collected throughout the investigation were submitted to Ecology in 
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quarterly task reports. However, some additional sampling of lowland area surface water was 

conducted during the second groundwater sampling round in June 1999 to further assist in 

identifying possible transport processes for metals in surface water during the dry season. 

4.4.1 Upland Area Hydrology 

There are no surface water features in the portion of the upland area that is adjacent to the 

lowland area with the exception of several small surface seeps observed near the SR-529 

northbound off ramp and East Marine View Drive (northeast of the fenced area). These seeps 

were observed following a period of prolonged precipitation (see - Exhibit 4-9). 

Storm water runoff analyses from the supplemental lowland area investigation (Asarco, 

1996) estimated that a third of the rainfall in the upland area potentially becomes runoff. 

Approximately 60 percent of the precipitation near the SR-529 overpass is predicted to runoff 

under similar conditions because of increased percent pavement. 

Storm water runoff throughout the upland area drains to a series of catch basins within the 

residential areas, along East Marine View Drive and in the overpasslaccess ramp area to 

SR-529. Storm water catch basins and monitoring locations are shown on Exhibit 4-9. 

There is no direct storm water runoff from the upland area to the lowland area. Catch basins 

within the residential area and on East Marine View Drive south of the SR-529 overpass are 

connected to the City's combined sewedstorm water system. Catch basins on the SR-529 

interchange and the portion of East Marine View Drive north of the overpass discharge to the 

lowland area through an outfall located beneath the SR-529 overpass (City outfall and 

original SW-17 location) as shown on Exhibit 4-9. 

Storm water flows have been measured at various surface water sampling sites in the upland 

area as part of the RI (Asarco, 1995a) and more recently as part of the storm water 

investigation (Asarco, 1998~). Several sites were instrumented with continuous flow 

recorders and automated samplers dwing the storm water investigation. The hydrograph @ 
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data from the sites with continuous recorders are particularly useful for evaluating the 

hydrologic response of the upland area to rainfall runoff and are included as Appendix E. 

The sites that were instrumented in the upland area were CB-9, a catch basin on Pilchuck 

Path which receives runoff from a portion of the fenced area; and MH-2, which is in the 

City's storm waterlsewer system at the comer of East Marine View Drive and Butler Street 

see Exhibit 4-9). Two separate flow meters were installed at MH-2 to determine flow rates (- 

for inlet lines on East Marine View Drive (EMV) and Butler Street (BL). 

Flow was only present at CB-9 in direct response to precipitation. MH-2 showed some 

component of "baseflow" during dry periods reflecting discharge sources other than direct 

rainfall runoff. The time of concentration of runoff at CB-9 was nearly instantaneous, and the 

hydrographs dropped abruptly at the end of a rainfall event indicating that the runoff 

originates primarily from impervious paved areas (see - Appendix E). Residential areas 

appeared to contribute little runoff at this site. Maximum peak discharge recorded at CB-9 

for the monitoring periods January 28-31, 1999, February 5-9, 1999, and February 17-18, 

1999 was approximately 0.15 cubic feet per second (cfs). This peak discharge resulted from a 

precipitation intensity of 0.06 inches of rain within a 15 minute period. 

Hydrographs for MH-2 (see - Appendix E) show storm water discharge patterns in the City's 

sewer/storm water system at a point immediately downstream of the fenced area (see - Exhibit 

4-9). Hydrographs for both of the inlets (EMV and BL) show the presence of some baseflow 

during intervals between storms, that likely represent sewer discharge and groundwater 

inflows. The hydrograph for MH-2 EMV inlet rises and declines rapidly in direct response to 

precipitation events indicating that the primary source of inflow is likely direct runoff from 

East Marine View Drive which is immediately upgradient (north) of the manhole. In 

contrast, the hydrographs for MH-2 BL inlet taper off gradually after rainfall ends. After a 

sustained wet period in the beginning of February 1999, it took almost a week before MH-2 

BL returned to baseflow conditions. The extended period of discharge following a 

precipitation event indicates a component of groundwater inflow to the storm water system 

following wet periods. 
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Baseflows at MH-2 EMV and MH-2 BL were approximately 0.06 cfs and 0.02 cfs, 

respectively. The maximum discharge recorded at MH-2 over the period o f  monitoring was 

0.9 cfs (approximately 400 gpm). This peak discharge resulted from a precipitation intensity 

of 0.05 inches over a 15 minute period. 

As previously noted, several small seeps formed along the south side of the SR-529 off-ramp 

(northeast of the fenced area) after prolonged periods of precipitation this past winter. SEEP- 

1 was identified in January 1999 during the storm water investigation and was sampled twice 

during that month. Flow rates at SEEP-1 were between 1 and 2 gpm. Another smaller seep 

(SEEP-2) formed approximately 30 feet west of SEEP-1 in the latter part of January (see 
Exhibit 4-9). Samples were collected from both SEEP-1 and SEEP-2 in February 1999. Two 

additional seeps (SEEP-3 and SEEP-4) were observed in March 1999 on the steep slope 

bordering the SR-529 off-ramp (further west of SEEP-2). Since mid March, 1999 through 

August, 1999, Asarco did not observe measurable flow at any of the four seeps. 

In January, 1999. the City noted that sand was being eroded from the sidewalk adjacent to 

SEEP-1 and evaluated the location for a possible water line leak. No leaking water lines were 

discovered, but the City did uncover a six-inch drain line running parallel to the off-ramp. 

The City did not have any knowledge or documentation of the drain line, so Asarco further 

investigated the drain line by identifying the source or beginning of the line. Asarco's 

investigation indicated that the drain line did not originate from the fenced area, but ran 

parallel to the offramp beyond the seeps. Because the line did not appear to originate from 

the fenced area and continued to Broadway Street, Asarco did not continue its investigation 

of the source of the line. Ruling out the drain line, the source of the seeps appears to be 

shallow groundwater seepage from the fenced area that occurs when local soils are fully 

saturated. The observed drain line and the sand bedding for the sidewalk may be providing a 

conduit for drainage. SEEP-1 formed at the edge of the sidewalk at a point where a new 

sidewalk concrete panel was recently pored. This modification may have blocked the 

drainage through the sand substrate beneath the sidewalk. Discharge from the seeps flowed 

onto East Marine View Drive and then north to catch basins beneath the SR-529 overpass. 
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4.4.1.1 Upland Area Surface Water/ Storm Water Quality 

Total arsenic concentrations from grab samples at storm water and surface water sampling 

sites are shown on Exhibit 4-9. The data validation report is included as Appendix E. Total 

arsenic concentrations in direct runoff (catch basin sampling sites) ranged from <0.005 mg/L 

to 1.9 mg/L. The catch basins showing the highest arsenic concentrations (CB-14, CB-15) 

receive direct runoff from the former arsenic processing location within the fenced area. 

Total arsenic concentrations in residential properties outside of the fenced area ranged from 

<0.005 m g L  to 0.013 m a .  The highest arsenic concentrations were observed in the surface 

seeps and in samples from manhole sampling sites. SEEP-1 had total arsenic concentrations 

ranging from 8.4 m a  to 21 mglL. SEEP-2 had a total arsenic concentration of 16 mg/L. 

These seeps are immediately adjacent to a flue structure with high residual soil arsenic 

concentrations (Asarco, 1998b). 

Manhole sampling sites (MH1, MH-2, MH-3, MH-6 and MH-7) collected samples coming 

from the fenced area and showed the highest arsenic concentrations. Total arsenic 

concentrations at these sites ranged from 1.2 m g L  to 39 mg/L. The highest arsenic 

concentration was detected in MH-7 which is located in the alley between Pilchuck Path and 

East Marine View Drive and receives flow from the fenced area. In general, the manhole 

sample results are much higher than the surface water runoff samples from the same 

locations. 

Autosamplers were also installed at two locations (CB-9 and MH-2) which collected 

continuous (every 15 minutes) 1.5 hour composite samples. A data validation report for the 

autosampler results is included in Appendix E. Discharge and water quality results from the 

continuous monitoring period at MH-2 indicate that the high arsenic concentrations are 

associated with periods of elevated baseflow after the direct runoff peak. These late stage 

flows appear to originate from groundwater infiltration to the sewers in the fenced area. This 

infiltration may be due to direct infiltration as a result of leaks in the sewer line or there may 

be foundation drains in the fenced area which are connected to the sewer line. 



ASARCO Incorporated DRAFT 

Total arsenic concentrations decrease in downgradient manholes. Where the sewer lines 

converge at MH-2 downstream of the fenced area, total arsenic concentrations ranged from 

1.8 to 4.6 mg1L. 

Total lead concentrations in direct runoff ranged from 0.1 1 mglL to less than detection 

(<0.005 mgIL). The location with the highest lead concentrations were associated with 

runoff from the fenced area. However, low levels of lead (0.005 mglL to 0.055 mgL)  were 

present at catch basins throughout the upland area. Dissolved lead was less than detection at 

virtually all of the sites indicating that it is primarily present as suspended solids. Total lead 

concentrations in the seeps (<0.005 to 0.37 m&) and manhole samples (<0.005 to 

0.047 mg/L) were low compared to arsenic concentrations. Since arsenic is present primarily 

in the dissolved phase and lead in the particulate phase, the high arsenic and low lead 

concentrations are characteristic of a groundwater source. 

Cadmium was detected at sites where arsenic was present at concentrations greater than 

1 mg/L. Of these locations, only one had direct runoff (CB-9) which measured 0.004 mg/L 

total cadmium during one event. Cadmium was present in total and dissolved samples at 

SEEP-1 and ranged from 0.014 mg/L to 0.024 mg/L. Total and dissolved cadmium were also 

present at the manhole sampling locations. Total cadmium at the manhole monitoring sites 

ranged from < 0.002 mgiL to 0.009 mgL. Dissolved cadmium ranged from < 0.002 mglL to 

0.006 mg/L. 

In summary, arsenic was found to be present in surface runoff at concentrations in excess of 

1 mg/L at two catch basin locations which lie directly downgradient from former arsenic 

processing facilities in the fenced area. Arsenic concentrations were consistently low 

(<0.005 mg/L to 0.013 mg/L) at catch basin sites in the surrounding residential properties. 

The highest arsenic concentrations (16 mg/L to 39 m g k )  were detected in seeps directly 

north and northeast of the fenced area and at the manhole sampling sites in the alley east of 

Pilchuck Path and directly south of the fenced area. These sites appear to be subject to 

localized groundwater discharge following periods of prolonged precipitation. 
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4.4.2 Lowland Area Hydrology 

Surface water is present in various ditches and low-lying depressions (wet areas) throughout 

the lowland area (see - Exhibit 4-9). These features intersect the shallow groundwater table 

within the lowland area fill. There is typically no observable flow in most of the ditches and 

wet areas except when there is active storm water runoff. The lowland area receives some 

storm water runoff from the SR-529 overpass which has an outfall (City outfall and original 

SW-17 location) beneath the overpass (see - Exhibit 4-9). The City also recently connected an 

additional storm drain system on East Marine View Drive to this same outfall. The 

connection of this new storm drain system likely increased the drainage area covered by this 

outfall substantially. With the exception of this one outfall, surface water in the lowland area 

is derived either from direct precipitation or from shallow groundwater discharge. 

Drainage is poorly developed in the lowland area. There are a series of ditches at the base of 

the slag pile that carry storm water to a wet area (WA-1) beneath the SR-529 overpass. A 

culvert allows water to  cross beneath the BNSF switchyard tracks and discharge to another 

wet area (WA-3) east of the BNSF railroad tracks (see - Exhibit 4-9). According to 

Weyerhaeuser personnel (Harold Rupert, pers comm., 1998), wet area WA-3 was once a 

maintained ditch that Led to an outfall at the Snohomish River. However, the ditch was not 

maintained and the lower portion of the trench connecting wet area WA-3 to the Snohomish 

River outfall was filled in. As a result, the wet area formed a closed depression with no 

outlet. Storm water runoff would simply collect and infiltrate to groundwater. 

In 1998, Weyerhaeuser re-established the drainage ditch connecting the lower end of this wet 

area to the outfall on the Snohomish River (see - Exhibit 4-9). This was one of a series of 

drainage improvements that Weyerhaeuser made prior to the sale of the Weyerhaeuser East 

Site to the Port of Everett. As a result of these improvements, storm water runoff can now 

potentially flow directly to the Snohomish River, rather than infiltrating to groundwater. 

Additional storm water improvements made by Weyerhaeuser in 1998 included excavation of 

a a trench from the City outfall (original SW-17 location) to another large wet area (SW-2) 

north of the PUD substation (see - Exhibit 4-9). 
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A number of stations were established in the lowland area to monitor storm water flows and 

water quality during the storm water investigation (Asarco, 1998~). Two sites, relocated SW- 

17 and SW-18 were instrumented with continuous flow meters and automated water quality 

samplers for several weeks during January and February of 1999. Instruments were initially 

installed at relocated SW-17 immediately upgradient of the City outfall (original SW-17) 

because the City outfall was submerged. However, problems with sediment accumulation 

prevented flow measurements at the relocated SW-17 site. To address this problem, two flow 

meters were re-installed further upgradient from relocated SW-17. A flow meter, SW-17 

SBL, was installed in the south line coming from the SR-529 overpass and a second flow 

meter, SW-17 WBL, was installed in the west line coming down the Snohomish County PUD 

access road from East Marine View Drive (see - Exhibit 4-9). 

Hydrographs from the two SW-17 flow monitoring stations (SBL and WBL) are included in 

Appendix E. There was no flow measured in SW-17 SBL except during rainfall events and 

the runoff response at this station was rapid. In contrast, SW-17 WBL had continuous 

baseflow of approximately 0.1 cfs (45 gpm) and a much slower runoff response during storm 

events. SW-17 WBL showed an approximate time of concentration of one hour. The 

maximum peak discharge recorded for the monitoring periods February 16-17, February 18- 

19, and February 20, 1999 at site SW-17 was 0.8 cfs ( approximately 350 gpm). This peak 

discharge resulted from a precipitation intensity of 0.04 inches of rain over a 30 minute 

period. 

The lowland area to the south of SR-529 does not receive runoff from the upland area. 

Consequently, flow rates are much more limited. The ditch system along the slag pile was 

flooded during the wet season but there was no actual flow visible during the storm sampling 

events. A flow of 0.35 gpm was measured in June, 1999 at SW-2 after water levels had 

declined. 

As described previously, the only location where surface water can cross under the BNSF 

railroad tracks to discharge to the 'Snohomish River is through a culvert at SW-14 (see - 
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Exhibit 4-9). The vegetation in the wet area (WA-3) east of the BNSF railroad tracks is so 

dense that evidence of any surface flow cannot be seen. Flow is evident however, at SW-18 

downgradient of the wet area (see - Exhibit 4-9). 

As previously noted, Weyerhaeuser recently constructed a trench connecting this wet area to 

a storm water outfall on the Snohomish River. The hydrographs for SW-18 (see - Appendix E) 

show continuous outflow with diurnal variations due to tidal flooding of the ditch. Broader 

scale fluctuations are superimposed on these tidal effects in response to wet periods. The 

hydrographs also show a short duration anomaly when the high tide exceeds 4.2 feet (MSL). 

These spikes are believed to be recorder error that occurred when the discharge pipe was 

fully submerged. 

Baseflow from the wet area ranged from 0.1 cfs to 0.2 cfs (45 gpm to 90 gpm) during a two 

week period in January, 1999 with little precipitation. Flow increased to a maximum of 

0.9 cfs (approximately 400 gpm) following a wet period in early February, 1999. The 

hydrograph shows no distinct discharge spikes following precipitation events of high 

intensity and short-duration. Instead, the hydrograph shows gradual increases and decreases 

associated with periods of precipitation. Runoff effects appear to be buffered by either 

surface water storage in the wet area or groundwater storage. 

Several additional instantaneous flow measurements were taken after the wet season ended to 

determine seasonal flow variations. By mid June, 1999 flow at SW-18 had decreased to 

4 gpm; by August to 1 gpm; and by September, 1999, flow at SW-18 was less than % gpm. 

4.4.2.1 Lowland Area Surface Water 1 Storm Water Quality 

Water quality grab samples were collected at surface water stations in the lowland area as 

part of the storm water investigation (Asarco, 1998~). Arsenic results for grab samples 

collected in 1999 are depicted in Exhibit 4-9. Water quality samples were also collected 

using automated samplers at relocated SW-17 as well as SW-18 in January and February 

1999. These results are shown on hydrographs in Appendix E. Additional grab samples 
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were collected as part of the recent investigation in June 1999 during groundwater sampling. 

These results are shown on Exhibit 4-9 as well as with shallow groundwater sampling results 

on Exhibit 4-7. Data validation reports for the grab sample results and for the composite 

sample results from the autosamplers are included in Appendix E. 

Arsenic results from grab sampling are listed in Table 4-8 and show wet season arsenic 

concentration trends in the lowland area. Arsenic in surface water south of SR-529 (SW-I) 

was 0.34 mg/L. This location receives drainage from the ditch system in the slag pile 

vicinity. North of the SR-529 overpass at original SW-17 (City outfall), arsenic 

concentrations were comparatively low (0.016 mg/L). Data from the autosampler showed 

short-term increases in arsenic at relocated SW-17 up to 0.21 mg/L. The source of these 

short-term increases in arsenic at relocated SW-17 appear to be attributable to the seeps 

northeast of the fenced area which discharge to the overpass catch basins. 

Surface waters from either side of the SR-529 overpass combine and cross under the BNSF 

railroad tracks at SW-14 producing intermediate arsenic concentrations (0.069 to 

0.088 mg/L). Downstream at the lower end of the eastern wet area, arsenic concentrations at 

SW-18 were 0.086 mg/L, virtually the same as the concentiations upgradient. A second set 

of samples were collected at SW-18 and at the Snohomish River outfall in March 1999. 

Samples were collected at low tide to avoid tidal backwater effects. Arsenic concentrations 

dropped by approximately 30 percent between SW-18 and the Snohomish River outfall, 

decreasing from 0.08 mg/L to 0.054 mg/L. 

Grab sampling conducted during June, 1999 shows a change in arsenic concentrations and 

flow trends during non-storm water periods (see Exhibit 4-7). During June 1999, the only 

observable flow entering wet areas (WA-1 and WA-3) was baseflow from the slag pile ditch 

system. Arsenic concentrations decreased from 0.54 mg/L leaving the slag pile area to 

0.13 mg/L entering the wet area WA-3. Arsenic concentrations then increased at SW-18 to 

0.18 m a .  Ohserved flow rates also increased at SW-18 suggesting there may have been a 

groundwater flow component contributing flow and arsenic to the surface water in the wet 
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area WA-3. The source of this groundwater is not immediately evident, since arsenic does 

not appear to be elevated at any of the groundwater sampling sites surrounding the wet area 

see Exhibit 4-7). Groundwater could be discharging to the wet area and mobilizing arsenic (- 

that has accumulated in the sediments. This issue is discussed further in Section 5. I .  

Lead was detected in lowland area surface water at widely varying concentrations ranging 

from 0.005 to 0.65 m a  (total concentrations). The results at individual sample sites were 

also highly variable. For example, the high lead value of 0.65 mg/L was collected at SW-18 

using an automated sampler. Sequential samples taken before and after this one were very 

low (<0.005 to 0.008 mg/L). As in most samples, no dissolved lead was present, indicating 

that the lead is contained in particulate matter. While the lead in slag is a potential source for 

these detected values, the highest lead values were detected upgradient of the slag pile at SW- 

19. This site has had various industrial uses including use as an auto salvage yard. In all 

likelihood, there may be numerous sources for particulate lead at this location. There was no 

detectable cadmium in any of the lowland area surface water samples. 

4.5 DISCUSSION OF LOWLAND AREA GROUNDWATER I SURFACE WATER 

INTERACTION 

In the lowland area, groundwater is present near the ground surface (static water levels in 

shallow wells are typically within a few feet of the ground surface). Therefore, surface water 

features in the lowland area intersect the shallow groundwater table at many locations and 

there is a significant potential for mixing of surface water and shallow groundwater. This 

interaction between shallow groundwater and surface water can affect both surface water and 

groundwater quality, depending on seasonal fluctuations in groundwater flow, recharge and 

discharge relationships, storm events and runoff patterns, and the concentrations of 

parameters of interest (e.g., arsenic) in various surface water and groundwater sources. 

Groundwater and surface water interactions are evaluated based on the hydrology and water 

chemistry of the shallow groundwater and surface water systems. In particular, the major ion 
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composition and arsenic speciation (AS" and AS" ratios) of surface water and shallow 

groundwater have been reviewed to evaluate locations of potential mixing. This evaluation is 

based on June 1999 samples since this sampling round included the most comprehensive 

suite of parameters for both surface water and shallow groundwater. Two general locations 

have been evaluated. One is the ditch system and wet area, WA-1, south of the SR-529 

overpass. The other location is wet area WA-3 east of the BNSF railroad tracks. 

4.5.1 Surface WaterIGroundwater Interactions South of SR-529 and West of BNSF 

Switchyard Tracks 

As previously noted, flow gain and loss and mixing relationships presumably change 

throughout the year in the lowland area, in response to seasonal variations in precipitation. 

Potentiometric maps of the shallow groundwater system (see Figures 4-4 and 4-5) indicate 

that regional shallow groundwater flow is to the east toward the Snohomish River. However, 

between the upland area bluff and the slag pile, the potentiometric data indicate that flow 

may be to the north parallel to the surface water drainage ditch at the base of the slag pile. 

Compacted, less permeable subsurface material below the BNSF switchyard tracks may be 

responsible for this alteration in shallow groundwater flow direction. 

A surface water drainage ditch is present in this area and the surface water levels in the ditch 

are identical to the shallow groundwater levels in the adjacent monitoring well EV-7A. 

Figure 4-13 shows the major ion composition of shallow groundwater in three units including 

the lowland area fill, the upland area fill/till, and the lowland area slag, as well as the 

composition of surface water samples collected during the same period in the lowland area. 

A comparison of water quality indicates that surface water and shallow groundwater within 

the slag pile footprint are virtually identical in terms of chemical composition. Therefore, 

surface water in the drainage ditch is essentially an expression of the shallow groundwater 

table. 

Groundwater and surface water in the slag pile area flow north toward wet area WA-I near 

the SR-529 overpass. Water elevation and flow data in this location are limited, and are 
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insufficient to assess whether surface water gains or loses flow. However, this wet area 

receives drainage from the ditch system to the south and appears to be a natural discharge 

point. Major ion chemistry and arsenic speciation data suggest that this wet area is receiving 

shallow groundwater discharge. The major ion chemistry at SW-14 as shown on the Piper 

diagram (see - Figure 4-13) is of intermediate composition between surface water north and 

south of the SR-529 overpass and the shallow groundwater at EV-23A. These data again 

suggest that this wet area is a natural discharge point for both surface water and shallow 

groundwater. 

Arsenic speciation data from SW-14 also appears to support a mixture of nearby shallow 

groundwater and surface water sources at this location. Arsenic speciation analyses 

(separation of dissolved arsenic concentrations into fractions of As" and As") were 

conducted on samples collected during the June 1999 sampling event. Figure 4-14 

summarizes arsenic speciation, along with dissolved arsenic concentrations, for surface water 

and shallow groundwater in the lowland area during this event. A schematic representation 

of general surface water flow paths also is included for reference on Figure 4-14. Because of 

the relative stability of arsenic species in the natural environment (species usually 

interconvert very slowly in the presence of the most common environmental oxidizing agent, 

molecular oxygen), speciation results may provide additional information on potential 

groundwater/surface water mixing in the lowland area since a mixture of two or more sources 

will likely have a speciation composition that is proportional to that of the end members. 

Assuming that water at SW-14 is derived from a mixture of shallow groundwater (EV-23A) 

and surface water (SW-I), a mixing proportion of 80 percent groundwater and 20 percent 

surface water yields a water with the approximate arsenic concentration and speciation of the 

June 1999 sample at SW-14 (see - Figure 4-14). 

4.5.2 Surface WaterIGroundwater Interactions East of BNSF Switchyard Tracks 

A culvert installed by Weyerhaeuser passes beneath the BNSF switchyard tracks and 

connects wet area WA-I at the base of the SR-529 overpass with wet area WA-3 directly east 
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of the tracks. Flow is rarely visible at the head of wet area WA-3 (SW-14) but there is 

consistent flow at its lower end (SW-18). Even during periods of relatively high discharges 

in January and February 1999, water did not appear to be moving at the head of wet area 

WA-3, yet discharges of 45 to 90 gpm were measured at SW-18 at the downstream end. 

During June 1999, location SW-2 (the ditch discharging from the slag pile into the south end 

of wet area WA-1 west of BNSF switchyard tracks) was flowing at approximately 0.35 gpm. 

No measurable flow was noted at original SW-17 (City outfall) from the north of wet area 

WA-1. Location SW-18 and the Snohomish River outfall were both flowing at 

approximately 4 gpm. This apparent gain in flow through the surface water system appears 

to indicate discharge from the shallow groundwater to surface water. 

Major ion chemistry provides no clear indication of groundwaterlsurface water mixing 

relationships, in part due to the general similarity of shallow groundwater and surface water 

see Figure 4-13). Therefore, no clear end members exist to define mixing relationships. (- 

Arsenic speciation ratios are similar between SW-14 and SW-18 (see - Figure 4-14). 

However, concentrations are much higher at SW-18 (0.22 mg/L) than at SW-14 (0.095 

mgiL.). The low arsenic concentrations in nearby shallow groundwater (e.g., 0.009 m g k  at 

HP-57) suggest an arsenic source other than shallow groundwater. 

The groundwater potentiometric contours wrap around the lower end of wet area WA-3 (see - 

Figures 4-4 and 4-5). This indicates that surface water may lose flow to the shallow 

groundwater system at the lower boundary of this wet area. Major ion chemistry at sampling 

points near the east end of wet area WA-3 are highly variable and show no clear link between 

surface water quality and nearby shallow groundwater quality. The arsenic speciation in 

shallow groundwater is also ambiguous. While composition of arsenic species between 

surface water and shallow groundwater are similar, the shallow groundwater shows much 

lower total arsenic concentrations. 

Overall, arsenic speciation, major ion chemistry, and flowlwater elevation data, and visual 

observations suggest that shallow groundwater/surface water interactions do occur 
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a throughout the lowland area. However, the system is complex and is subject to seasonal 

variability in surface water flow and quality, as well as shallow groundwater quality. In 

addition. analysis of surface water and shallow groundwater relationships in the lowland area 

is complicated by the typically low flows (near the limits of field measurement capabilities) 

and the possible presence of multiple arsenic source areas other than the shallow groundwater 

including the slag pile, an upland area outfall, and the wet area sediments. 
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5.0 FATE AND TRANSPORT ANALYSIS 

This section evaluates potential source materials and areas that may cause or contribute to 

elevated arsenic concentrations detected in lowland area groundwater and surface water. In 

addition, a fate and transport evaluation has been performed to identify potential routes of 

migration and geochemical controls. Discussion on water balance and loading, as well as 

City of Everett biosolid data and Snohomish River sediment data are also included. 

5.1 POTENTIAL SOURCE MATERlALS AND SOURCE AREAS 

5.1.1 Lowland Area Shallow Groundwater 

5.1.1.1 Slag Pile Vicinity 

Arsenic concentrations of 1 to 3 mg/L have been detected in shallow groundwater in the slag 

pile vicinity to the west of the BNSF switchyard tracks (see - Exhibit 4-7). The extent of 

arsenic in this shallow groundwater system was described previously in Section 4.3.4. The 

following potential sources of arsenic in shallow groundwater in this vicinity have been 

identified: 

Slag. 

Overlying soils or other non-slag fill materials within the slag pile vicinity. 

Diffuse inflow of shallow groundwater from the fenced area in the upland area. 

Inflow from a localized source in the upland area. 

Other sources may have contributed to elevated concentrations of arsenic but are no longer 

evident. 

Arsenic is present in slag in the lowland area at concentrations ranging from 65 mglkg to 

2,200 mglkg and in the shallow overlying soils at concentrations ranging fiom less than 

0.5 mglkg to 400 mglkg. The maximum arsenic concentration in lowland soils 

(4,194 mglkg) was detected at HP-4 in a thin peat layer underlying the fill south of the slag 

a pile (see - Exhibit 4-1). As part of the recent lowland area investigation, Asarco conducted a 
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series of leaching tests on shallow (0'-2') and deep (5'-7') soil samples from the slag pile 

area (see - Figure 3-2). A modified SPLP analysis was conducted on seven samples at varying 

pH levels ranging between 7 and I I .  The results are summarized in Table 5-1. 

Average arsenic concentrations produced during leaching tests were generally less than 

0.5 mgL.  However, one sample from boring LB-16 produced arsenic concentrations ranging 

from 1.3 mg/L to 1.67 mg/L under varying pH conditions. All of the samples produced 

elevated pHs (8.5 to 10.5) when starting with a neutral leaching solution. 

The arsenic concentrations and pHs produced in the extractions are generally similar to those 

observed in shallow groundwater in the slag pile vicinity. Arsenic concentration trends in 

upgradient wells, however, suggest there are other potential sources for the higher arsenic 

concentrations observed in the slag pile vicinity. 

The arsenic trend maps in Exhibits 4-7 and 4-8 show a relatively narrow arsenic plume in the 

upland shallow and deep groundwater systems that coincides with arsenic concentrations in 

EV-17A at the upgradient margin of the slag pile. The seasonal occurrence of shallow 

groundwater in the upland area and the complex geology separating it from the shallow 

lowland area make it very difficult to define or quantify its influence on shallow groundwater 

quality in the lowland area. However, the comparatively high arsenic concentrations in this 

upgradient area (>25 mg/L) and the consistent pattern of elevated arsenic along this flow path 

suggest that an upland source probably accounts for the higher arsenic concentrations 

observed in shallow groundwater in the slag pile vicinity. 

Arsenic speciation results from EV-20B are similar to groundwater in the slag pile area. This 

upland area source of arsenic is most likely contributing to both the shallow and deep 

groundwater systems in the lowland area. 
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5.1.1.2 Port of Everett Property 

Hydropunch sampling conducted during the recent lowland area investigation shows an area 

of elevated arsenic concentrations of 0.21 to 0.56 mg/L in shallow groundwater at the north 

end of the Port of Everett (see - Exhibit 4-7). The supplemental lowland investigation (Asarco, 

1996) identified in-place soils, upgradient surface water, and the soils in the SR-529 overpass 

area as potential source areas for detected arsenic concentrations in shallow groundwater. 

Additional groundwater sampling was conducted in upgradient areas to help define the 

source of this arsenic. The results (see - Exhibit 4-7) indicate that dissolved arsenic 

concentrations in upgradient areas are comparatively low (0.007 mg/L) and suggest that the 

source of arsenic is on-site soils. Elevated arsenic concentrations were also detected in 

shallow soils from this area (see - Exhibit 4-1). 

5.1.1.3 Former Weyerhaeuser West Site 

Monitoring data for the former Weyerhaeuser West Site (Emcon, 1994) show arsenic 

concentrations in groundwater ranging from less than 0.003 mg/L to 0.1 mg/L (see Exhibit 

4-7). There are no comprehensive soil data available that show the distribution of arsenic at 

this site. Dissolved arsenic concentrations in groundwater are at or near laboratory method 

detection limits (<0.003 to 0.007 mg/L) in the lowland area at the upgradient boundary of the 

former Weyerhaeuser West Site. The irregular occurrence of arsenic on this site and the low 

concentrations along the upgradient boundary of the site suggest the smelter impacted soils 

are not contributing to arsenic loading on the former Weyerhaeuser West Site. 

5.1.1.4 Former Weyerhaeuser Mill ElKoppers Site 

Dissolved arsenic concentrations ranging from 0.1 to greater than 10 mg/L have been 

detected in shallow groundwater at the former Weyerhaeuser Mill EIKoppers Site with a 

mean concentration in shallow groundwater of 2.17 mg/L (Emcon, 1994). Concentrations of 

arsenic in soils range from 0.4 to over 400 mglkg (Emcon, 1994). Emcon attributed the 

highest concentrations of arsenic to wood treatment facilities (Emcon, 1994). In addition to 

use of arsenic at on-site wood treatment facilities, Emcon cited the smelter operation as 

potentially contributing to arsenic in soils and groundwater at this site. However, 
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groundwater samples collected as part of the former Weyerhaeuser Mill EKoppers Site 

studies and as part of Asarco's recent lowland area investigation show a pattern of dissolved 

arsenic concentrations decreasing upgradient of the site. Arsenic concentrations are at or near 

the laboratory method detection limit (<0.005 to 0.006 mgIL) in the area between former 

Weyerhaeuser Mill EKoppers Site and the fenced area and slag pile vicinity (HP-111, HP-8, 

MW-3, MW-5, MW-109S, HP-13, and HP-14). This indicates that dissolved arsenic in 

shallow groundwater in the vicinity of the fenced area in the upland area and slag pile 

vicinity in the lowland area (see - Exhibit 4-7) are not contributing arsenic to the former 

Weyerhaeuser Mill EKoppers Site. 

Dissolved arsenic concentrations ranging from approximately 0.04 to 0.05 mglL have been 

detected in shallow groundwater at MW-2. As discussed in the RI (Asarco, 1995a), this 

monitoring well appeared to penetrate a waste pile within the shallow fill layer, which 

included abundant metal and wood debris. The results are not believed to be representative 

of water quality from upgradient areas. Monitoring wells and hydropunch sampling to the 

east (HP-12 and MW-1) of MW-2 have generally encountered fine-grained material in the 

area west of the BNSF railroad tracks. Where it has been encountered (EV-15 and EV-16), 

groundwater flux is estimated to be very low. Even in the slag pile area where permeabilities 

are high and arsenic is present at concentrations greater than 1 m a ,  arsenic does not show 

evidence of migrating to the east of the switchyard tracks. There is evidence that the low 

permeability of the fill beneath the switchyard tracks effectively limits arsenic migration in 

the shallow groundwater system. 

5.1.2 Lowland Area Deep Groundwater 

The supplemental lowland area report (Asarco, 1996) identified a relatively narrow plume of 

arsenic in deep groundwater within the lowland area alluvium. The maximum concentration 

of arsenic detected in deep groundwater within the lowland area was 15 m a  at HP-23. This 

hydropunch location is at the upgradient boundary of the lowland area (see - Exhibit 4-8). 

TCLP analyses conducted during the TU (Asarco, 1995a) suggest that soil arsenic 

concentrations well in excess of 10,000 rngtkg would be required to generate the arsenic a 
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concentrations observed in groundwater in the alluvium, which effectively eliminates the 

alluvial soils and other lowland area soils, including slag, sampled to date. Consequently, the 

supplemental lowland area investigation (Asarco, 1996) concluded that there must be an 

upgradient source for this plume. 

The recent lowland area investigation identified similar arsenic concentrations in the deep 

upland area outwash deposits immediately upgradient of the lowland area plume (EV-19B 

and EV-20B). These results clearly indicate an upland source for the arsenic plume. Storm 

water sampling conducted during this period identified shallow groundwater seeps in this 

same area following periods of prolonged precipitation. Arsenic concentrations in the seeps 

(SEEP1 and SEEP 2) ranged from 8.4 to 21 mg/L. This area (northern portion of the fenced 

area) is a likely source for the observed arsenic. 

5.2 FATE AND TRANSPORT OF TRACE METALS 

a 5.2.1 Water Balance and Loading Analysis 

A water balance was developed for the lowland area during the supplemental lowland area 

investigation (Asarco, 1996). The water balance provided quantitative flow data that, 

combined with water quality data, were used to assess the potential arsenic loading to surface 

water and groundwater. 

Data collected during the recent lowland area investigation are consistent with the 1996 

supplemental lowland area investigation. Therefore, a new water balance has not been 

developed. However, flow paths are discussed in detail in Section 5.2.2 and new loading 

estimates for surface water using recently collected water quality data are presented in 

Section 5.2.3. 

5.2.2 Groundwater Transport 

Groundwater in both the fill (shallow groundwater system) and alluvium (deeper 

a groundwater system) in the lowland area discharge to the Snohomish River, providing a 

potential pathway for arsenic movement. However, the actual potential for dissolved arsenic 
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to reach the Snohomish River in these shallow and deep groundwater systems depends on 

both physical and geochemical process occurring in the aquifers. 

The geochemical mobility of arsenic in groundwater is commonly affected by adsorption and 

coprecipitation processes. Adsorption, the binding and retention of soluble ions by solid 

material, may occur through two general mechanisms, specific and non-specific. Specific 

adsorption is a process of chemical bond formation between the adsorbed ion and a 

constituent of the solid matrix. Non-specific adsorption is an ion exchange process, where 

the interaction between the adsorbed ion and the solid is controlled by electrostatic (charge) 

factors only, rather than by the chemical bonding properties of individual elements. 

Coprecipitation of arsenic with iron oxide in the form of ferric arsenate andlor ferric hydroxy 

arsenate is another attenuation mechanism that may be occurring. 

The relationship between estimated groundwater travel times and actual plume migration 

rates can be used to assess the prevalence of geochemical attenuation mechanisms. Average 

groundwater velocities for both the shallow and deep groundwater systems are approximately 

0.4 to 1 foot per day. At these rates of flow, groundwater would cross the approximate 

1,700-foot distance to the Snohomish River in 5 to 12 years. The former smelter ceased 

operations over 84 years ago, yet mg/L arsenic concentrations in the shallow groundwater 

system have not been detected east of the BNSF railroad tracks. In addition, the mg/L 

arsenic plume in the deep groundwater system remains over 500 feet from the Snohomish 

River. 

The contrast in dissolved arsenic concentrations in shallow groundwater west and east of the 

BNSF railroad tracks (1 to 3 mg/L west versus 0.007 m g 5  or less east) is also accompanied 

by changes in general water chemistry (pH, dissolved oxygen and major ion concentrations). 

These distinct geochemical changes combined with potentiometric relationships discussed 

previously in Section 4.3 suggest there is minimal flow across the BNSF switchyard tracks 

through the shallow groundwater system. In contrast, the deep groundwater system has a 
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more extensive arsenic plume that shows a progressive decrease in concentrations, which is 

more indicative of attenuation process. 

Although current data from the lowland area do not suggest a definitive mechanism for 

arsenic attenuation, it is likely that adsorption andlor coprecipitation of arsenic species is an 

important process in removing arsenic from groundwater. Attenuation of arsenic would 

significantly reduce the rate of migration in the groundwater system and slow the migration 

process. 

Physical processes such as dispersion and mixing also have a significant effect on arsenic 

transport. Unlike geochemical processes, physical flow processes can significantly reduce 

arsenic concentrations but do not affect overall loading. The potential for reduction of 

arsenic concentrations due to dispersion and mixing are significantly increased in a tidally 

influenced aquifer. Tidal oscillations have two effects. First, physical dispersion of the 

arsenic within the aquifer is greatly increased by continuously alternating flow directions and 

gradients. Second, fresh water enters the aquifer during a rising tide, which dilutes ambient 

groundwater prior to discharge during the falling tide. Since the tidally induced gradients 

near the Snohomish River shoreline can be much larger than the ambient groundwater 

gradient, significant dilution of a contaminant plume can occur. In a case study of an arsenic 

plume in a sand aquifer in New Jersey, Yim and Mohson (1992) showed groundwater arsenic 

concentrations were reduced from 0.6 mg/L to concentrations of less than 0.02 mglL within 

100 feet of a shoreline due to the effect of 6 foot tidal fluctuations in the receiving water. 

Yim and Mohson developed a one dimensional mixing model for tidally induced flow 

systems and concluded that discharge concentrations will be very close to ambient 

concentrations in receiving waters on sites where the tidal amplitude is high and regional 

gradients low. 

In the area west of the Snohomish River, the deep groundwater system in the alluvium is 

subject to 10-foot tidal fluctuations. Water quality data from the former Weyerhaeuser Mill 

EIKoppers Site (Emcon, 1994) show reductions in arsenic concentrations similar to those 
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described by Yim and Mohson in the vicinity of the Snohomish River shoreline. Arsenic 

concentrations up to 15 mglL in groundwater at the former Weyerhaeuser Mill EIKoppers 

Site decrease to 0.2 m g L  or less at the Snohomish River shoreline within a distance of less 

than 100 feet. Emcon calculated a further dilution factor of approximately 650:l within a 

distance of 1 foot from the bulkhead due to instantaneous mixing with river waters (Emcon, 

1994). 

Arsenic concentrations in groundwater near the Snohomish River shoreline range from 

<0.005 mg/L to 0.024 mg/T.,. These waters meet the marine chronic criteria of 0.036 mg/L 

arsenic prior to any dilution. The higher concentration arsenic plume in the deep 

groundwater system (0.1 to 2.6 mgL) is 600 to 700 feet from the Snohomish River shoreline 

see Exhibit 4-8). If the present plume configuration is assumed to represent a gradual (- 

advance of arsenic concentrations since operation of the smelter, the calculated rate of plume 

advance is approximately 0.04 ft/day. At this rate, it would take approximately 40 more 

years before the plume would reach the Snohomish River. This assumes the plume is not 

already stable or attenuating. The long-term potential for continued migration will depend in 

part on whether the source area(s) is stabilized and the extent to which natural attenuation is 

occuning. 

5.2.3 Surface Water 1 Storm Water Transport 

Arsenic concentration and flow data from the storm water investigation were used to assess 

surface water arsenic loading relationships. The results are somewhat qualitative because of 

variations in the timing of storm water samples, but are still useful as an indicator of the 

magnitude of loading associated with surface water runoff from specific areas. The results 

are compiled in Table 5-2 and indicate the following: 

Upland area neighborhoods outside the fenced krea account for less than l/lOO'h of 

1 percent of the arsenic load observed in storm water samples. 

Arsenic loading from the fenced area was on the order of 3-4 pounds per day during 

periods of storm water sampling in January and February of 1999. Over 75 percent of 

the observed arsenic load discharges to the City's sewerlstorm water system. Further 
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discussion of arsenic loading to the City's system is presented in Section 5.2.3.1. 

Most of the remaining arsenic load was derived from SEEP 1 (0.5 1bs.Iday) at the 

northeast comer of the fenced area. Runoff from the seep flowed to storm water catch 

basins in the SR-529 and East Marine View Drive interchange. At least half of the 

arsenic load from SEEP 1 can be accounted for by catch basin CB-46 where East 

Marine View Drive passes beneath SR-529. This location and others in the SR-529 

and East Marine View Drive interchange discharge to the lowland area via the City 

outfall (original SW-17). 

The City outfall (original SW-17) as well as upgradient relocated SW-17 receives 

flow from two sources: East Marine View Drive north of the SR-529 overpass and 

from the SR-529 and East Marine View Drive intersection itself. The observed 

arsenic load at relocated SW-17 averaged 0.035 lbs./day during a period in January 

when an automated sampler and flow meter was installed. The arsenic load appeared 

to be derived almost completely from the intersection's catch basins based on 

representative loads measured flowing from the north portion of the fenced area to the 

intersection's catch basins 

The only point where surface water in the lowland area crosses under the BNSF 

switchyard tracks is at SW-14. Location SW-14 receives surface water runoff from 

the slag pile vicinity and from the City outfall (original SW-17). No storm water flow 

data was collected at SW-14 due to very high water levels and submerged conditions 

at the culvert. However, arsenic concentrations during periods of storm water runoff 

at SW-14 were generally twice that at original SW-17 indicating that the arsenic load 

from surface water in the slag pile area likely contributes a roughly equivalent load to 

that derived from original SW-17. 

Storm water sampling data show little increase in arsenic concentrations and arsenic 

load between SW-18 and upgradient surface water stations during storm events. 

However, arsenic loads and flows did increase at SW-18 during non-storm periods. 

No specific groundwater or surface water sources have been identified that can 

account for the concentration and load increase between the upper and lower ends of 

this wet area, WA-3. As noted, in 1998 Weyerhaeuser's drainage modifications 
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created an avenue for discharge of affected storm water directly to the Snohomish 

River. 

Arsenic loads at SW-18, upgradient of the Snohomish River outfall, ranged from 

0.2 1 lbs./day during the height of the wet season, to less than 0.003 lbs./day in mid 

summer. Flows and arsenic loads showed a rapidly decreasing trend after the wet 

season concluded (I 84 gpm in January, 4 gpm in July, 1 gpm in August, and less than 

I/q gpm in September 1999). The arsenic load at SW-18 dropped from 0.01 lbs./day in 

June, 1999 to less than 0.005 lbs./day in August, 1999. Discussion of Snohomish 

River sediment data are presented in Section 5.2.3.2. 

5.2.3.1 Arsenic Data for Wastewater and Biosolids 

An evaluation of arsenic levels in biosolids and effluent from the Everett Water Pollution 

Control Facility was conducted in 1998 by Asarco with the City's assistance. Asarco 

attempted to define the relationship between arsenic input and the biosolids and effluent 

output. Information provided by the City that was reviewed by Asarco were the 1995, 1996, 

and 1997 Residual Solids Monitoring Reports, the City's NPDES permit (WA-002449-O), 

spreadsheets containing influent and effluent water quality data for arsenic for samples taken 

between January 1995 and April 1998, and spreadsheets containing laboratory results of 

biosolids samples taken in 1993, 1994, and 1998. 

To summarize Asarco's evaluation, arsenic concentrations and loading were reviewed for 

wastewater influent and pond effluent from 1995 through April of 1998. Arsenic 

concentrations were also reviewed for accumulated biosolids from 1993 through May of 

1998. Short term variations in arsenic levels in wastewater influent, pond effluent and 

accumulated biosolids were observed. Average monthly arsenic concentrations and loading 

in influent were observed to vary with monthly rainfall. A weaker relationship between 

average monthly arsenic concentrations in pond effluent and rainfall was also observed. 

Information regarding Asarco's evaluation is included as Appendix F. 
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a Linear regression analysis was used to evaluate possible trends in arsenic levels in 

wastewater influent, effluent, and biosolids. Trend lines are shown on several figures (see - 

Appendix F). The slopes of the trend lines were relatively flat and do not indicate any clear 

increasing or decreasing concentration trends with time. 

Average quarterly arsenic concentrations in biosolids are consistently below the ceiling 

concentrations of 75 mgkg established in WAC 173-308 Table 1 for the time period 

evaluated. Average quarterly arsenic concentrations in biosolids occasionally exceed the 

concentration limit (41 mglkg) established to help define exceptional quality biosolids (E 

Appendix F). However, other factors affect whether or not biosolids may be defined as 

exceptional quality biosolids, including the results of the composite land application 

characterization sample. These factors include pathogen reduction requirements, vector 

attraction requirements, and concentrations of other metals. Data indicated that average 

quarterly cadmium and zinc concentrations also occasionally exceed the concentration limit 

a and average quarterly lead concentrations routinely exceed the concentration limit for 

exceptional quality biosolids (see - Appendix F). 

5.2.3.2 Available Snohomish River Sediment Data 

Sediment samples adjacent to the lowland area were collected and analyzed by Weyerhaeuser 

during 1992 to 1995. Three sites were investigated including: 

Former Mill EIKoppers Site 

Former East Site (currently Port of Everett) 

Former Kraft Pulp Mill (West) Site 

These sites are shown in Figure 5-1. The following summarizes the principal findings related 

to arsenic concentrations. 

Former Mill EIKoppers Site 

Sediment sampling adjacent to the former Mill EKoppers Site was conducted in three 

phases. Phases I and I1 were conducted in 1992 (Emcon, 1993) while Phase I11 was 
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conducted in 1995 (Emcon, 1996). Phase I sampling consisted of collecting surface grab 

samples (0-0.06') and/or core composite samples (0-3') along the western shoreline of the 

Snohomish River during low tide while Phase I1 consisted of sampling further out in the river 

channel (see - Figure 5-1). Samples were analyzed for volatile organics, metals, semivolatile 

organics, sediment quality, and sediment conventionals data. 

Samples were collected from 30 locations for both, Phase 1 and 11. Fourteen surface grab 

samples and 18 core composite samples were collected during Phase I while 20 surface grab 

samples and 20 core composite samples were collected during Phase 11. Results of Phase I 

and I1 sampling indicated that five samples from three locations (SR-01, SR-02, and SR-05) 

had arsenic levels exceeding the Sediment Quality Standard (SQS) of 57 mgikg for arsenic 

and four samples from two locations (SR-01 and SR-05) exceeded the Cleanup Screening 

Level (CSL) of 93 rng/kg for arsenic (see - Table 5-3). All samples exceeding the SQS and 

CSL for arsenic were collected during the Phase I investigation, which is near the shoreline. 

Phase I11 was conducted in 1995 to augment data collected from Phases I and 11. A total of 

18 samples were collected from six locations including SR-01, SR-05, SR-07, SR-10, SR-I 1, 

and SR-13 (see - Figure 5-1). These six locations were selected because they had samples with 

levels of arsenic, naphthalene, or acenaphthene that exceeded the CSL criterion during Phase 

I. Three samples were collected from each location. Sample "A" was placed approximately 

10 feet downstream, "B" was placed approximately 10 feet out toward the channel, and "C" 

was placed approximately 10 feet upstream from the Phase I location. 

Results of Phase I11 sampling indicated that arsenic concentrations from two locations 

(SR-01 and SR-05) exceeded the SQS criteria while all samples were below the CSL arsenic 

criteria (see - Table 5-3). The report concluded that the outfall near location SR-01 may be on- 

going source of arsenic. Results at location SR-05 were lower than previously detected 

during Phase I sampling three years earlier which may be due to a different sampling horizon 

or to a previously existing outfall that was in the area. 
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Former East Site 

Sediment sampling adjacent to the East Site was performed to assess the suitability of 

sediments that may be dredged for possible disposal (PTI, 1996). The investigation consisted 

of sampling the upper four feet of sediments from ten locations (see - Figure 5-1). Parameters 

analyzed were compared to Puget Sound Dredged Disposal Analysis screening levels which 

included the SQS and CSL criteria. 

The ten locations were generally placed downstream of outfalls or other potential sources and 

within 20 feet of the bulkhead. Samples were analyzed for selected metals, selected VOCs, 

selected semivolatile organic compounds, organochlorine pesticides and PCBs, PCDDs and 

PCDFs, ammonia, total sulfides, TOC, TVS, total solids, and grain-size. Laboratory results 

indicated that all samples had arsenic concentrations less than the SQS level of 57 mgtkg for 

arsenic. In fact, all arsenic concentrations were less than 17 mglkg. 

Former West Site 

Baseline sediment sampling adjacent to the West Site was conducted in 1994 to determine 

the impact of wastewater outfalls that served the former Kraft pulp mill facility (PTI, 1994). 

Although the facility no longer operates, it was noted that storm water continues to be 

discharged from two outfalls. One outfall is near sample location W4-01 (see - Figure 5-1) 

and the other outfall is located on the north side of the Snohomish River. This investigation 

consisted of collecting surface sediment samples on both shorelines of the Snohomish River 

as well as across Smith Island in Streamboat Slough and Ebey Slough. A total of 23 

locations were sampled. Samples were analyzed for chemical, physical, and biological 

parameters. Eight samples were collected adjacent to the West Site (see Figure 5-1). 

Results indicated that concentrations of metals were low and relatively uniform at all 

locations. No metals concentrations exceeded either the SQS or CSL criteria. In fact, all 

arsenic concentrations were less than 12 mglKg. 
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6.0 SUMMARY AND CONCLUSIONS 

6.1 FINDINGS 

The recent lowland area investigation was performed to fulfill the requirements specified in 

EO DE97TC-N119, Task 6 issued by Ecology. The investigation provided additional 

characterization of the nature and extent of contamination in the lowland area portion of the 

Everett Smelter Site. Details of the investigation were outlined in a work plan (Asarco 

1998a) based on the requirements of the EO and also on discussions with Ecology staff 

before and during the investigation. 

6.1.1 Soil 

The recent soils investigation consisted of collection of 165 soil samples from 35 locations. 

Samples were analyzed for total arsenic, cadmium, chromium, copper, lead, and zinc. Six 

slag samples from three borings were also collected and tested for arsenic leachability at 

different pH levels. Principal findings of the recent and previous investigations are: 

The maximum concentrations of arsenic in soil occur in upland soils (fillltill unit), 

within or immediately adjacent to the fenced area. The smelter area investigation 

established that maximum arsenic concentrations in soils are associated with residual 

materials in the immediate area of former arsenic processing facilities and include 

flue dust and arsenic trioxide. Leach test results indicate that these materials contain 

high concentrations of leachable arsenic that can potentially be mobilized if contacted 

by infiltrating water. 

Soil samples collected from the bluff separating the upland and lowland areas were 

significantly lower in arsenic than the upland area soils with concentrations ranging 

from 5 to 446 mgtkg. The highest concentrations were from sites at the base of the 

bluff. 

The highest soil arsenic concentrations in the lowland area were present in samples 

from the slag pile and surrounding fill: Concentrations of arsenic in excess of 

1,000 mglkg were also detected in a thin peat layer that was encountered between the 

fill and underlying silt units on the Benson Property south of the slag pile. The peat 
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layer was found to extend south to EV-16. Boyd Benson had additional borings 

completed in the area south of EV-16 (LB-21, 22 and 23). None of these borings 

reportedly encountered this peat layer and soil arsenic concentrations were all less 

than the 200 mgtkg MTCA Method A Industrial cleanup level to a depth of 15.5 feet. 

An area of slightly elevated soil arsenic concentrations (100 to 500 mg/kg) was 

delineated at the north end of the Port of Everen property. 

6.1.2 Groundwater 

The recent groundwater investigation consisted of collection of 117 groundwater samples 

from 63 locations and included several rounds of water level measurements. A total of 16 

new groundwater monitoring wells were installed (six shallow and ten deep wells). 

Groundwater samples were analyzed for field parameters, major ions, and total and dissolved 

metals. One round of groundwater samples was analyzed for arsenic speciation (AS" and 

As'5). In addition, slug tests were performed on three newly installed monitoring wells to 

estimate hydraulic conductivity. Principal findings of the recent and previous investigations 

are: 

The groundwater flow conditions identified in previous investigations have been 

confirmed and refined by the additional data collected for this recent investigation. 

Groundwater interactions between the upland area hydrostratigraphic units and the 

lowland area groundwater systems have not been specifically quantified, but water 

level relationships and chemistry data from monitoring wells and surface water 

stations provide evidence of flow and arsenic transport from the upland area to the 

lowland area. 

Monthly monitoring of water levels over the last several years show that thin zones of 

saturation occasionally develop at the top of the till unit in the upland during wet 

seasons. Sampling conducted at EV-11 and EV-13, has shown dissolved arsenic 

concentrations of 25 to 47 mgL. 

Water quality data from additional monitoring wells installed in the upland area 

during this investigation show the presence of a narrow plume of arsenic in the deep 
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outwash groundwater system in the area downgradient of EV-13. These arsenic 

concentrations, and the plume location within the outwash aquifer are also consistent 

with downgradient arsenic plumes in the shallow and deep lowland groundwater 

systems. 

Concentrations of 0.1 to 3 mg/L dissolved arsenic were detected in shallow 

groundwater in the slag pile area. The highest concentration was observed at EV-17A 

immediately adjacent to the bluff. The arsenic plume at EV-17A appears to be a 

continuation of the upland area outwash system arsenic plume described above. 

Arsenic concentrations in the slag pile area decrease to near the detection limit east of 

the BNSF switchyard tracks. 

While there is an overall eastward gradient toward the Snohomish River in the 

shallow lowland area groundwater system, groundwater flow appears to be northerly 

in the area between the bluff and the BNSF switchyard tracks. This northward flow 

reflects the discharge of groundwater to the surface drainages and wet areas, which 

subsequently discharge across the BNSF tracks near the SR-529 interchange. 

An area of elevated arsenic in shallow groundwater (dissolved arsenic of 0.21 to 

0.56 mg/L) was delineated on the north end of the Port of Everett property. 

Groundwater arsenic concentrations at surrounding upgradient and downgradient sites 

were comparatively low (0.007 mg/L or less). 

Sampling confirmed the previous delineation of a narrow arsenic plume in the deep 

groundwater system. This plume is directly downgradient of, and contiguous with the 

arsenic plume defined in the upland area outwash system. Arsenic concentrations in 

the deep plume decrease to <0.005 mg/L at monitoring well EV-21B on the Port of 

Everett property. In addition, arsenic concentrations are less than 0.005 mg/L at 

shoreline monitoring wells. 

6.1.3 Surface WaterlStorm Water 

In addition to the previous storm water investigations, 11 surface water samples were 

a collected during the recent lowland area investigation from nine locations during the second 
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round of groundwater monitoring in June 1999. Samples were analyzed for common ions, 

metals, and arsenic speciation. Principal findings from the recent and previous investigations 

are: 

Storm water containing arsenic enters the City's sewer system during the wet season. 

The highest arsenic concentration (39 mg1L from MH-7) was observed at a storm 

water sewer coming from the fenced area in the alley between Pilchuck Path and East 

Marine View Drive. The majority of the arsenic load to the City's combined storm 

waterlsewer system in this area appears to be attributable to short-term groundwater 

infiltration to the sewer system in the period immediately following storm water 

events. 

The highest arsenic concentrations in surface water runoff were observed in a series 

of seeps that developed along the northeast boundary of the fenced area during 

January through early March of 1999. Elevated arsenic concentrations of up to 

21 mg/L were detected in these upland area seeps. The runoff associated with the 

seeps entered the SR-529 overpass catch basin system, which discharges to the 

lowland area via the City outfall. These seeps accounted for the majority of the 

arsenic load observed in surface water runoff. 

Arsenic concentrations were consistently low (c0.005 m g L  to 0.013 mg/L) at catch 

basin sites in the surrounding residential areas. 

Weyerhaeuser storm water improvements re-established a surface water outfall to the 

Snohomish River in 1998. Detectable arsenic concentrations (up to 0.097 mg/L) were 

measured in discharge at this location. 

Investigations of Snohomish River sediment quality were performed by 

Weyerhaeuser in areas upriver, parallel and downriver from the former smelter 

facility. With the exception of one area near an outfall at the former Weyerhaeuser 

Mill EKoppers Site (upriver from the former smelter facility), all arsenic 

concentrations were less than SQS or CSL criteria. 
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6.2 CONCLUSIONS 

The lowland investigation was designed to complement previous Everett Smelter Site 

investigations. The data collected from the recent lowland area investigation have been 

integrated with relevant results from previous investigations to draw overall conclusions 

regarding smelter-related environmental impacts. The primary conclusions for soil, 

groundwater and surface water are as follows: 

6.2.1 Soil 

Recent investigations provide additional data which have allowed the delineation of 

arsenic and metals concentrations in lowland soil at the southern and northern 

boundaries of the lowland area. The resultant soil quality data and maps delineating 

arsenic and metals in lowland area soils provide a suitable basis for source area 

delineation. 

Soils showing elevated arsenic and metals are generally present in areas where 

smelter facility activities are known to have occurred (i.e. the slag pile vicinity) or 

where smelter soils have been placed as fill material (i.e. the south bound SR-529 

overpass lane and in the access ramp to the Port of Everett property). Some localized 

areas with elevated arsenic and metals also occur on the former Weyerhaeuser sites. 

Sources of arsenic at these locations are not readily apparent in all cases. 

6.2.2 Groundwater 

With the addition of data from 16 new monitoring wells and 17 new hydropunch 

sampling locations, the concentrations of arsenic and metals in the shallow and deep 

groundwater systems have been delineated. Data from the monitoring wells and 

hydropunch locations define the extent of arsenic and metals in shallow groundwater, 

and confirm the shape of the arsenic plume in the deep groundwater system east of 

BNSF railroad tracks. Additional data also confirm that arsenic plumes in shallow 

groundwater in the slag pile vicinity and in the deep lowland area groundwater system 

do not extend to the Snohomish River. 
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An arsenic plume has also been identified in the upland area. The location of the 

plume and the magnitude of arsenic concentrations within the plume suggest it is an 

upland extension of plumes previously defined in the lowland area and that the 

principal source of arsenic is in the upland area (fenced area). 

Slag leach results show that the slag is a source of elevated pH and may also be a 

minor, relative to the contribution of the upland area, source of arsenic in shallow 

groundwater in the slag pile vicinity. 

Other sources may have contributed to elevated concentrations of arsenic but are no 

longer evident. 

6.2.3 Surface WaterIStorm Water 

Arsenic and metals concentrations have been delineated in surface runoff in the 

upland area and in surface water in the lowland area. The primary source of elevated 

arsenic concentrations in surface water in the upland area appears to be runoff from 

the fenced area, particularly where groundwater seeps form after periods of prolonged 

precipitation. 

Short-term storm water and/or groundwater infiltration to the sewers within the 

fenced area also appear to be a source of arsenic loading. 

The surface drainage features in the lowland area intersect the shallow groundwater 

system and receive discharge from groundwater or recharge groundwater to varying 

degrees, depending on seasonal fluctuations in groundwater levels, storm events and 

runoff patterns, and the nature of the physical interconnections. 

The sources of arsenic in lowland area surface waters include discharge from the 

shallow groundwater system in the slag pile vicinity, flow from the City's outfall on 

the north side of the SR-529 overpass, and possibly, accumulated arsenic in lowland 

wet areas that is remobilized under certain conditions. Other sources may have 

contributed to the measured concentrations of arsenic but are no longer evident. 

Based on the groundwater and surface water transport analyses, the primary sources 

of arsenic observed in lowland area surface water are groundwater discharge from the 
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upland area and surface water runoff from the fenced area. Slag leaching may also be 

a relatively minor source to surface water in the lowland area. 

6.2.4 Future Remediation Activities 

Based upon the data presented in this report, it is likely that remediation activities currently 

planned for the former smelter area will be successful in intercepting and removing the 

current sources of metals to lowland area groundwater and &face water. Therefore, the best 

approach for addressing elevated arsenic concentrations in the lowland area is by the process 

of elimination beginning with the fenced area. 
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TABLE 3-2 WATER PARAMETERS 

Sample 
Location 

Hydropunch 
HP-450 

HP-46s 

HP-460 

HP.47S 

HP.470 

HP.48S 

HP.48D 
HP-51s 

HP-52s 
HP.53S 

HP-54s 

HP-55s 
HP-56s 

HP.57S 
HP.59S 

HP-61s 
HP.62S 

HP.63S 

Monitoring wall 
EV-30 
EV-4A 

EV-40 

EV-GA 

N 6 0  

EV-7A 

EV-70 

EV-8A 

EV-80 

EV-9A 

N - 9 0  

EV-1IA 

EV-ISA 

N-150  

N-16A 

EV-I7A 
EV-170 

EV-180 

N.190 

EV.200 

Field 
Parameters 

DO, tub.. pH, salinity. SC, temp. 

DO, turb., pH, salinity. SC, temp. 

DO, turb., pH, salinity, SC, lemp, 

DO, tub.. pH, salinity, SC, temp. 

DO, lurb.. pH, salinity. SC, temp. 

DO, lurb.. pH, salinity, SC, temp. 

0 0 ,  lurb.. pH, salinity, SC, temp. 
DO, lurb., pH, salinity. SC, temp. 

DO, lurb., pH, ~alinity. SC, lemp. 

00,  turb., pH, salinity, SC, temp, 

DO, turb.. pH, salinity, SC, temp. 
DO. turb., pH, salinily. SC, temp. 

DO, turb., pH, salinity. SC, temp. 
DO, turb.. pH, salinity, SC, amp, 

DO, lurb.. pH, salinity. SC, lemp, 
DO, lurb.. pH, salinity. SC, temp. 

DO, Iurb.. pH, salinity. SC, temp. 

DO, tub.. pH, salinity, SC, temp, 

DO, tub.. pH, salinily. SC, temp. 
DO, lurb.. pH, salinity. SC, temp. 

DO. lurb.. pH, salinity. SC, temp. 

DO, turb.. pH, salinily. SC, temp. 

DO, lurb., pH, salinity. SC, temp. 

DO, tub.. pH, salinity. SC, temp. 

DO, turb.. pH, salinity. SC. temp. 

DO, lurb.. pH, salinity, SC, lemp. 

DO. lurb.. pH, salinity, SC, temp, 

DO, turb.. pH, salinity. SC, lemp. 

DO, lurb.. pH, salinity, SC, lemp. 

DO, lurb.. pH, salinity, SC,lemp, 

DO, lurb.. pH, salinity, SC, temp, 

DO, tub.. pH, salinity. SC, temp, 

DO, turb.. pH, salinity. SC, temp. 

DO, turb., pH, salinity. SC, temp. 
DO, tub.. pH, salinity. SC, temp. 

DO. turb.. pH, salinity. SC, temp. 

DO, lurb., pH, salinity. SC, temp. 

DO, lurb., pH, salinity. SC, lemp, 

Laboratory Parameters 
(unliltered or total) 

pH. SC. TSS, alk.. acid.. HCO,. CO,. SO.. CI. As, Cd. Cr. Cu. Pb, Zn 

pH, SC. TSS, alk.. acid.. HCO,. CO,, SO,, CI, As. Cd. Cr. Cu. Pb, Zn 

pH, SC.TSS, alk.. acid., HCO,.CO,, SO", CI. As. Cd, Cr. Cu, Pb, Zn 

pH. SC. TSS, alk.. acid., HCO,, CO,, SO., CI, As. Cd.Cr. Cu, Pb. Zn 

pH. SC, TSS, alk.. acid.. HCO,, CO,. SO". CI. As. Cd, Cr. Cu. Pb, Zn 

pH. SC, TSS, alk., acid.. HCO,, CO,. SO". CI, As, Cd, Cr. Cu, Pb. Zn 

pH. SC, TSS, alk., acid.. HCO,, CO,. SO", CI. As. Cd. Cr, Cu, Pb. Zn 

pH. SC, TSS, alk.. acid.. HCO,. CO,. SO". CI. As, AS". AS'$. Cd. Cr. Cu. Pb. Zn 

pH. SC. TSS, alk.. acid.. HCO,. CO,, SO,.CI. As. AS". AS". Cd, Cr. Cu, Pb. Zn 
pH. SC.TSS, alk.. acid.. HCO,. CO,, SO., CI, As. AS". AS", Cd, Cr. Cu. Pb. Zn 

pH. SC, TSS, alk., acid., HCO,, CO,. SO.. CI, As. AS", AS". Cd. Cr, Cu. Pb, Zn 

pH, SC. TSS, alk.. acid.. HCO,. CO,. SO.. CI. AS, As". AS". Cd. Cr, Cu. Pb. Zn 
pH. SC. TSS, atk, acid.. HCO,. CO,. SO.. CI. As. AS". AS.'. Cd, Cr. Cu. Pb. Zn 

pH. SC, TSS, alk.. acid., HCO,. CO,, SO,. CI. As. As". AS", Cd, Cr. Cu, Pb. Zn 
pH. SC. TSS, alk.. acid.. HCO,. CO,, SO,, CI, As. AS". AS.', Cd, Cr. CU. Pb. Zn 

pH. SC, TSS, alk.. acid.. HCO,. CO,. SO,, CI, As. AS". AS,'. Cd. Cr. Cu. Pb, Zn 

pH. SC, TSS, atk.. acid., HCO,, CO,. SO,, CI, As. As*'. AS". Cd. Cr. Cu. Pb, Zn 

pH. SC, TSS, alk.. acid., HCO,, CO,, S?.. Ct, As. AS*'. AS.". Cd. Cr. Cu. Pb. Zn 

pH. SC. TSS, alk., acid.. HCO,, CO,. SO,. CI. As, As", AS". Cd. Cr, Cu. Pb, Zn 
pH. SC, TSS, alk., acid.. HCO,. CO,. SO,. CI, As, As*', As". Cd. Cr. Cu. Pb, Zn 

pH. SC. TSS, alk.. acid.. HCO,. CO,. SO.. CI. As. AS.'. AS". Cd, Cr. Cu. Pb. Zn 

pH. SC. TSS, atk.. acid.. HCO,. CO,. SO,, CI. As. AS". ~s".Cd, Cr. Cu, Pb. Zn 

pH. SC. TSS, alk, acid.. HCO,. CO,, SO,, CI, As. AS". AT', Cd, Cr. Cu, Pb. Zn 

pH, SC.TSS, alk.. acid.. HCO,. CO,. SO,, CI. As. AS'=. AS*'. Cd, Cr. Cu, Pb. Zn 

pH. SC. TSS, alk, acid.. HCO,.CO,. SO,, CI, As. As'~.As", Cd. Cr.Cu. Pb. Zn 

pH. SC, TSS, alk.. acid.. HCO,, CO,, SO,, CI, As. As", AS". Cd. Cr. Cu. Pb, Zn 

pH. SC, TSS, alk.. acid., HCO,, CO,, SO., CI. As. AS*', AS.'. Cd. Cr, Cu. Pb, Zn 

pH. SC.TSS,alk.. acid.. HCO,.CO,. SO,. CI, As .~s '~ .Ar '~ .  Cd. Cr, Cu. Pb, Zn 

pH. SC. TSS,atk.. acid.. HCO,, CO,. SO,. CI, As. As". AS". Cd, Cr. Cu. Pb. Zn 

pH. SC, TSS, alk.. acid.. HCO,, COa. SO,. CI, As, AS". AS". Cd, Cr. Cu, Pb. Zn 

pH. SC, TSS, atk.. acid.. HCO,, CO,. SO,. Ci. As, AS". AS". Cd, Cr, Cu, Pb. Zn 

pH. SC. TSS, alk.. acid.. HCO,. COa. SO,. CI. As. AS*'. AS'$. Cd. Cr. Cu, Pb. Zn 

pH. SC. TSS, alk., acid.. HCO,. CO,. SO,. CI. As. AS". AS.", Cd. Cr. Cu, Pb. Zn 

pH, SC. TSS, alk., acid.. HCO,. CO,. SO,. CI. As. AS'? AS", Cd. Cr. Cu, Pb, Zn 
pH, SC. TSS, alk.. acid.. HCO,. CO,. SO,. CI. As. As". AS". Cd. Cr. Cu. Pb. Zn 

pH. SC. TSS, alk.. acid.. HCO,. CO,. SO,. CI. As. As", AS". Cd. Cr. Cu. Pb. Zn 

pH. SC.TSS, alk.. acid., HCO,. CO,, SO,. CI. As.As", As". Cd. Cr. Cu. Pb. Zn 

pH. SC. TSS,alk.. acid., HCO,, CO,, SO,, CI, As, As". AS". Cd, Cr, Cu. Pb. Zn 

Total NO. 
Samples 

I 

1 

1 

1 

I 

I 

1 

1 

I 

1 

1 

1 

1 

1 
1 

1 

1 

1 

2 
2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

I 

2 

2 
2 
2 
2 

2 

2 

2 

Laboratory Parameters 
(flltersd or dissolved) 

TDS, Ca. Mg. Na. K.As. Cd, Cr, CU, Pb, Zn 

TDS. Ca. Mg, Na, K, As, Cd, Cr, CU, Pb, Zn 

TDS. Ca, Mg, Na, K, As. Cd, Cr, CU, Pb, Zn 

TDS. Ca. Mg. Na. K. AS. Cd, Cr, CU, Pb, Zn 

TDS. Ca. Mg. Na. K. As. Cd, Cr, CU, Pb, Zn 
TOS. Ca, Mg. Na. K. As. Cd, Cr, CU, Pb, Zn 

TDS. Ca. Mg. Na. K. As. Cd, Cr, CU, Pb, Zn 
TDS. Ca.Mg. Na. K.As. Cd. Cr.Cu, Pb,Zn 

TDS, Ca. Mg. Na, K. As, Cd, Cr, Cu. Pb. Zn 

TDS, Ca. Mg, Na, K, As, Cd, Cr, Cu. Pb. Zn 

TDS. Ca. Mg, Na. K, As. Cd, Cr, Cu. Pb. Zn 
TDS. Ca, Mg. Na. K. As. Cd. Cr. Cu, Pb, Zn 

TOS. Ca, Mg. Na, K. As. Cd. Cr. Cu, Pb. Zn 

TDS, Ca. Mg, Na, K. As, Cd, Cr. Cu, Pb. Zn 
TDS. Ca. Mg, Na. K. As, Cd. Cr, Cu. Pb. Zn 

TDS. Ca. Mg, Na. K. As, Cd. Cr. Cu. Pb. Zn 

TDS, Ca. Mg, Na, K, As, Cd. Cr, Cu. Pb. Zn 

TDS, Ca. Mg, Na. K, As. Cd, Cr, Cu. Pb. Zn 

TDS. Ca, Mg. Na. K, As. Cd. Cr. Cu, Pb, Zn 

TDS. Ca, Mg. Na. K. As. Cd, Cr, Cu, Pb, Zn 

TOS. Ca, Mg. Na, K. As, Cd. Cr, Cu. Pb. Zo 

TDS, Ca. Mg, Na. K, As. Cd, Cr, Cu. Pb. Zn 

TDS, Ca. Mg, Na. K, As. Cd. Cr, Cu, Pb, Zn 

TDS. Ca. Mg. Na. K. As. Cd. Cr. Cu, Pb. Zn 

TDS. Ca. Mg. Na. K. As. Cd, Cr. Cu, Pb. Zn 

TDS. Ca, Mg. Na, K. As, Cd. Cr, Cu, Pb. Zn 

TDS. Ca. Mg. Na, K. As, Cd, Cr, Cu, Pb. Zn 

TDS. Ca, Mg. Na, K. As, Cd. Cr, Cu. Pb. Zn 

TDS. Ca. Mg, Na. K, As. Cd. Cr. Cu. Pb. Zn 

TOS. Ca. Mg, Na. K. As. Cd. Cr. Cu, Pb, Zn 

TDS. Ca. Mg, Na. K, As. Cd. Cr. Cu, Pb, Zn 
TDS.Ca. Mg, Na. K. As. Cd, Cr.Cu, Pb, Zn 

TDS, Ca. Mg. Na, K. As. Cd. Cr, Cu. Pb. Zn 
TDS, Ca, Mg. Na, K. As, Cd. Cr. Cu. Pb. Zn 

TDS. Ca, Mg. Na, K, As. Cd. Cr. Cu. Pb. Zn 

TDS. Ca. Mg. Na. K, As. Cd. Cr. Cu. Pb, Zn 

TDS. Ca. Mg, Na. K, As. Cd, Cr. Cu. Pb, Zn 

TOS. Ca, Mg. Na, K. As, Cd, Cr, Cu, Pb. Zn 

Total NO. Field 
M Samples 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 
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TABLE 4-1 COMPREHENSIVE SOIL RESULTS 

Site Dale Sample# I k p t h  UNIT A s  Ed Cr Cu Pb Zn 

EV-I2 LIDNO EW-YHI2.255 I IUI.5I't. Uplmd Fdn8II 53 1 IN I 51- 
EV-1I I 3 X W 6  EW-YN12-256 . 2.351~. UplmdFIlllT~ll 2.1 6 35 8 77 
EV-Id 3 X l M  EW-YNI2-258 5 4 5 l L  UplmdFilWtlI , 4 27 7 61 
EV.II . U23/P6 EW-YN)2-259 I 1011.5 11. Uplmd Fi lmi l l  8 20 7 4 6  I10 
EV-1-5 1/2ZNl EW-YIIII-102 I 1-25 I,. S-IA ' Upland FIllir8ll 2RR 2 I I 00 8 

EVJ-S II2ZNl ' EW-VIIII-102 i I - L ~ I I . S - I B  Upland Fi lmi l l  IM I ' 13 
EV-3-S ' IRZNI I EW-YWI-I01 L 5  5 I!. 5-3 1 UplmdFilmil l  218 I I U 
EV.1.S 1122193 EM-YWI-I02 ' 1011.511. 5-7 Upland FcIm11 Y I I J 

EVJB-S 1/20*)3 EM-9301-101 RI.5 11. S-I Uplmd FIlllTill 16 I ' I ?  
EVJ8.S I I I W I  ' EW-9301-IIII ' I.5-111.5-2 Upla3Fdmi l l  ' 7 , I I II 
EV.2B.S ' 1121Wl I En-9301-101 35.6 11. S-1 I uplmd ~ilmill . I I 4 
EVJB-s IRIYVI EVTYY)I.IIII Y-10 J n, s a ~  uplmd F ~ l m i l l  IJ I I 8 8 
NJB-S I I R W 3  EM-9301-IOI 15-17 11 S-Y I Uplmd EImII I18 2 I IUI  
EVJ-S IP.ZN3 Em-YYII-102 I.l.S.l6,YS-l0 Uplmd E lm11 81 I 1 7  
EV-1-S 1122193 ' EVT-Y301~1111 ' 8.5-lllfl. 5.6 1 Uplanil Film11 212 0.5 ; 1 
EV-1.S 1122NI ' EM-YIOI-1112 1 2C25.51t.S-12 ' ~ p l m d ~ i l ~ l l  I M 0 5  4 1  

EV-48-S I I2 lWl ' En-9101-Ill1 I 2L25.511.S-11 , u p l a n d ~ i l m ~ l l  5 . 1  7 I 
EV.188 9IZMR EW-Y8W-I22 ' 1-1,251~. Uplmd F i l ~ t l l  5 5 111 . 28 ' 27 I I  
EV-I88 YRM8 EM-Yam-I23 I 2.3.5fi. UplmdFtlKtlI I U 5 131 1 25 ' 77 ' 112 
EV-I88 ' 90498 EW-98W.12.I 5-6.SlI. I UplmdFilmil l  ' 133 5 118 I 151 710 i Y48 
EV-188 ' YRM8 EVT.YBOY.125 1 111-1 1.5 11. I Uplmd Fi lmi l l  912 i 24 I18 224 I 1789 689 
EV-I88 I YRM8 I EW-981R-126 I 15~165Ir. I Up landF i l~ i l l  ' 588 5 117 : 16 ; 21 36 
EV-I88 YRM8 EM-Y8W.127 I 2021.3 h : Upland Fi lmi l l  5 5 I&? 28 ' 11 21 
EV-IRE . Pl tMR ' EW-98")-I28 I 25-16.511. I Up lmdF i lm l l  5 5 195 31 62 

5 - 
EV-208 YRW8 1 EW-9809-125 I M21.511 I UpluldFIlmrll I 598 5 l l s  ' 4'7 42 

5 - 
EV-XI8 Y12RNR i EW.98W-IM I M1.511. I U p l m d F i l ~ t l I  I 80 5 130 1 61 1 2VO i 247 
EV-208 1 YRWR I EM-Y8B)-IIII I 5-6.511. ' UplmdFIl!lIIll 1 25 5 111 i 15 , 75 I 343 
EV-MB 8 YRSU8 ' Em-98672-I42 1 1011.51~ i Uplu ldFi lml l  ! 33 5 1% I 33 , I ' IOY 
EV-MB YEW8 8 EVT.YSW.143 I 15-16.51~ I UplmdFilmil l  25711 5 I13 UH 1 282 86 
EV.208 YRW8 ' EM-Y8W-I* . 15.16 5 it. 8 Uplmmd R l m l l  ' 2230 5 126 , 2hY ' 261 78 



TABLE 4-1 COMPREHENSIVE SOIL RESULTS 

Site Dale Sample# . Depth UNIT As Cd Cr Cu Pb Zn 
EV-5-5 3 EW-Y3II?.22h 25.26.5 11. , Alluvmd Sand , 8 t>.5 6 

MW-46-S I U I 3 8 3  EW-Y3IU-?II4 I 2<L21.5 I t .  S-I I I Al lunr l  Sand 21 0.3 I 3.4 I 
EV.80-S I RllV.93 En-Y3O8-I53 ' 22-23SiL 3.9 : Al lvr id  Smd ' 1.1 0.5 2.5 
EV.10-S I 81203  Em-9308-I58 1 2 1 - 8 5  iLS.12 I Alluuld Smd 311 0.5 2 5  
EV-YB-S 8123.93 EW-Y308.162 23.21.5i1.S-118 8 Al1u"alSmd , 9.5 0 5  2.5 
EV-YB-S 8123.93 EW-9308-I63 28.295 I!. S-12 Alluuid Sand , I 4  0 5  5.7 1 
H R U i S l  : 8124N5 EW-Y5IIX.II.I I 22-2JII AI lundSmd ' 34 0 5  d l  7 i 
HUMIS1 . Rl25N5 EW-YY)8-1?6 I 2U21.S !I. ' A l l u rU  Smd i 5 0 5  211 1 d : 
HPII iS l  I I R W 6  Em-W11-2ll8 5-61 11. ; AIlurmd Smd 6 0.5 54 I1 1.5 
HPJI (S) I IRUY6 EW-9MlI.?lH Y-l0.l i t .  I A l luvtdSad , 8 0.5 59 19 
HP4I iS l  I It2496 EW-9MII-210 12-11.511 ' AlluvidSrnd . 5 0 5 17 I9  

j 1 
1.5 

H P I I  iSI ' I t2596 ' EW-VNII-217 5-65 (1. ' A l l undSmd 5 0 s  JO I 8  1.5 
HP13lSl ; I R I R 6  EW-9Ml-218 i 1011.511 , A l l u r i dsmd , 3 0.5 I01 I8  1.5 
EV.220 912UYR EVT-98I8.IIII ( 3G31.5h. AlluvidSmcl 5 5 2 s  , 23 10 m 
EV-I10 912388 ' EM-9818-120 i 2U21.511. ' A l l v r i d S ~ n d  5 5 81 22 ! JY 1 1 1 5  
EV-I70 9R3N8 EVT-98W.12l i 25-26.5 In. Illlurid Smlf I 18 5 72 ' 21 23 I I 3  
HPJS 9123.98 EW-YSIW-I I3  ' 2021.5 11. AllUMd S.ml 5 5 97 23 I 0  :)5 
HPA5 Yl23N8 I EW-Y8<8-I14 1 25.265 it. I Alluvial Smd 5 5 125 27 I! 

EV.210 I U W  ' EV.210-7 I 

5 - 
I AIluv!d Smd I 20 5 66 32 5 32 

MW- ImO I U W  MW-IOlD-6 I NIU.GIS~~ ' 5 5 M ' 27 ' 10 r 
M W . I ~ D  I U U ~ Y ' M W - I ~ D - ~  ' I N B n d S m d  , 13 ' 5 M 2J 5 ' .I2 
MW.IOYD I 23Fh) MW.IWD-6 I N l u r I d S m d  I 5 I 5 74 . 22 8 5 1 28 
MW-I I8D I U3IWIMW-IWD.1 I I AI lur idSmd ' 5 1 5 , 56 , 18 1 5 l z  

H P 4  I ME9 I H P 4 - 6  I I N l n r i d  Smd 5 5 58 25 5 32 
H P 4  ' MFh) : HP-46-1 I 4 N l u r d  S a d  5 5 M 25 15 
HP-11 i YIOIW . HP-41.5 

5 - 
i Allvvlal Smd 5 5 61 22 5 36 

HP-11 1 U l W :  HP-47.5 ' I l l l u r i d  Smd 6.7 , 1 43 I 8  . 5.3 1 7 8  
HPJl I YIOIW 8 HP-ll.6 I ' N iuu idSmd 5 5 
HP48 ' U l lYW HP-18.6 I 8 AIIuuidSmc ' I 5  5 101 32 5 42 

I 0  ' 8128Nll , EW-YRll8.IBA 8 0 1  1L I BlviIFIl l  112 5 133 218 1527 i lM3 
IB  I 8128198 I EW-9808-IBB I 2 n. I BIvllF!ll ! IIH 5 113 235 8 1404 I 1391 
I M  I BRW8 Em-9808-IMA I Dl It : B lv l l  Fill I 262 5 133 IUO I J07 ' 456 
I T  I BRW8 EW.9808.ITA I Ul It I BluIlFiII  ' 92 5 lm 7 1 ' 4 0 ~ 8 W 3  
28 I W28198 I EW-Y808.20A , 0 1  II 1 Blv l lF l l l  ' !<XI 5 97 bt 341 h93 
2 H  I S n W R  EW-9RUR.2MAi UIh ! BlulfFi l l  41 5 I34 61 208 ' 384 
2.U I BRW8 EVT.YRI.2YB ' 2 11. BluliFiU 1 142 5 161 123 1 4S0 8 180 
2T . BRW8 EW-Y8U8-IT* I 0 1  IL 1 BlulfFd1 1 3.1 5 133 Y 111 168 
30 I BRWR EW-980%-3BA 1L1 i L  BlvlfFIl l  I 220 5 I13 1359 1 2 3 0 2  8 m l  
38 1 8128198 EW-Y808.3BB i 2 11. I 0lu11Fill I I 81  5 l l J  MI , 1103 i 4698 
3M 1 8125% ' EW-9808->MA &l ir 1 BIul lFi l l  I lm 5 I33 ' 12 313 1 510 
3M I W28.98 ' EW-Y808.1MB I 2 1 ~  I BluNFill 1 88 5 122 80 251 ; US 
3T I 812Sn8 i EW-Y80R.lTA ' 0, IL I BlullF!II I I4 5 I35 45 1 1% 1 112 
3T I 8128)98 I EW-9808-3T0 I 2 I L  I Blvll Fill 1 15 5 133 1 30 1 11 I 64 
3T 1 812&98 i EW-9808-3TC I 3 R I B lv l lF i l l  5 5 98 32 1 45 1 55 
4B I 812898 8 EW-Y8084BA ! 0 1  lr I Blul iFi l l  1 168 5 I I J  265 8 1294 ' 2185 
JB 1 812598 , EW-980848B . 2 fi. BlulIFiU I I54 5 1 4 0  . 171 , 1111 i 1317 
4M I RRWR I EVI.9808-lMA I UI I I  I Blvf lFi l l  I Y h  5 I13 1 Y6 153 1 196 
JM I W2W8 ' EW-Y8084MB I 2 11. I BIvlIFl l l  I 228 1 2.9 1 W 40 1 61 1 I35 
4M 1 812SN8 1 EW.98OSJMB 2 1L : Blvif Fill i 2 M  5 I W  51 19 ' 82 
'T I BRW8 ' EW-Y808-lTA UI iL  I B l v l l f i l l  I 12 5 111 38 1 9 0  1 1 1 . 1  
1T I 8128NR I EW-Y80R-lTB 2 1L I B lv l lF i l  1 16 5 130 33 1 52 I 86 

EV-66-S 1 8P.5N3 1 En-YYl8.165 i M6151 l .  , Chmnr l IXpsi r r  22 0 5  I I33 I 
~v.6n.s m i 9 3  E W - ~ ~ 8 . 1 6 2  I 615.681~ I c h m r r ~  a p l r i m  : 7.5 0 s  I 29 I 
EV-60-S 1 812503 EW.YMR.169 I 68-6851L 1 Ounr r lDepw is  2.5 0 5  i I 2  I 
HP(H1S) I BR5.95 EW-9508.124 1 1 5 - 1 6 5 i ~  1 Ounnel h p r i ~  I J 0 5  I l I 4 I  
HPMIS) 1 812i95 1 EVT.9508-123 175.19 11. i C h n e l  I X p i r r  i 0.5 1 1 3 1  
HFVl lS l  I 8P.9.95 I EW-YY19.131 1 15-1611 1 OunnelDepwiw ' J 0 5  2 1 4 ;  
HQZI is)  I IYIWJ I EVI.YSIZ-IY I 2021.5 I,. I n m r r l a p a l s  , 20 05 1s . 93 1 n 3  
EV-176 I 9RMR ' EW.Y8W-118 ! 1011.5 11. I Chmnel IXptiu I l9 5 116 ' 45 1 428 I 1116 
EY-I76 ' YRW8 . EW-Yam-119 I 15-ILJII. I Chml~ IDeps i l .  , 24 5 111 ' 21 1 63 ' 181 
EV.5.S I C W 3  8 EW-YI4b212 UI 11 I Lor lmd  FIll , 20 1 ,  1 13m 
EV-5-S U l N 3  E M - P I 4 2 - 2 l 3 I  1.531. I Lov lmdFi l l  , 1 0 5  I 53 
EV.5.S I 21193 , EW-9I4b216 I 4.5-611. I Lor l rndFi l l  I IY 0.5 I 23 I 
MW-3-S 1 YIUY3 ' E W - Y W 2 5 Y  I Win.S.1 ! LowlmdFIll 1 13 0.5 1 20 1 68 
MW-3-S , Y1-3 EVT.YIDI-2M I 1.2.5LS-2 I Lorland Fill ' 5 3  0 5  ' 3.4 19 
MW.3.S ! U 1 M 3  En-YYU-262 45.5 lr S-l I Lowland Fil l  4.5 0.5 ! 4.1 I 13 
MW-3-S : U1-3 1 E W - Y I W 2 6 l  I 8.5-9 it. S-1A I LovlandFill i 10 0.5 I 10 I 4) 

MWJB-S ' U lLN3  ' EW.YIW250 1 02in.S-1 I LowlmdFil l  1 16 1 I I 1 180 1 44 
YW-IB-S ' U 1 M 3  EW-Y3WlS I  I - 2 5 f i  S-2 ' LorlandFil l  11 0.5 1 1 0 ' 4 8  
YW-1B.S , U I M 3  EW-93IY-252 45.5 It. 8.1 I Lowlmd Fil l  5.9 0 5  I 5.2 ' 86 
MW-2-S I U1383 I EW.Y3W261 ' U S  k S-1 i Lovlmd Fil l  1 23 ' 1 , 120 I 61 
MW-2.S ' UIWI EW-YIIY-268 I-LS h. S.2 I Lowland Fil l  i 22 8 3 I 1 330 ! 58 
MW-2-S Y I W 3  . Em-Y3N.210 4.5.5iL S-l 1 Lov lmd Fill 6 4 ' 6 '  ! 610 8 43 
MW-2-8 I U I W 3  EW.Y3lU-213 . 8.5-lOk S-7 4 Lowland Fill li 2 i 490 ' 16 
MW-5-S ! U13N3 . EW-Y3(U.275 ; 0.51~S. I  I LovlrndFil l  5.3 1 I ; i 10 1 4 1  
MW.5.S U13.93 EW-Y3M-276 I -25 iL  S.2 ! Lowland Fill 1 6.9 0 5  1 a.4 I 4? 
MW-S-S UIINI EW.9YU-38 45.51LS-l : LowlnndFill 6.1 0 5  1 5 1 3 8  
EY-?A-S 811W3 EW.9W8-lm 0l.Sfl.S-l I LowlandF~II lm 8 1.6 ' I I875 : 
EV-lA-S ' U I W 3  , En-YI08.108 2.3511.5.2 1 LovlandFIII 359 1 3 1 I 1 8708 1 
EV-7A-S 8110N3 'EW-Y31M- IW C5.511.S-3 I LoulandFllI 8 4 8  3 1 I llaxl I 
EV-BA-S ' R l I W 3  EW-9308-IUO 0I.511.S-1 I LowlmdFll l  1 21 I3  I I 451 ~ 0 s  1 405 1 
EV-YA-S 811W3 EW-Y308.116 2-35 11. S.2 i Lowland Fill I 3, 0.5 1 6 0 1  



I 
TABLE 4-1 COMPREHENSIVE SOIL RESULTS 

Site I D o 1  ' Sample# I kp fh  UNIT As Cd CI Cu Pb Zn 

EV-YA.5 , W I W 3  I EW-YYIX-II7 CS5Ir. S-3 Lowland Fil l  54, 0.5 I 2979 
EY-O&S 8117N3 I EW-YXM-I25 O.I.I~L S-l . bw land   ill 2.5 0 3  5.4 ~ 12 0.5 ' 32 
EV.6A.S I W17N3 ' EW-9308-IIR 5 I 3 1 Lowland Fil l  I I 8  0.5 1 70 
~ v . 6 ~ - s  i W17N3 E~~-YYI~. I?Y IO.II.III.S-I IruulurJ F i l l  I 31 ' I.'. L ' 64 
EV-6A-S 1 W17N3 ' EW-9308-1% 15-1651r. S-5 I Lodamd Fil l  R7 1.3 359 - 
EV4A-S I W17N3 I EVT~YJIIR~IJ'. 25-26! i1.S.7 I hwland Fill I38 0.5 131 
HRI I  IS) I W23.95 ' EW-YJOR-IOII On.51,. Lowland F3S I 8 ' 2 I 7  97 :1yII 
H f l 2 l S )  1 RnUP5 ; EW-YYU-IIY 0.25-0.5 i~ ' Lor lmd  Ftll ' 59 4 396 7Y4 
HRUIS I  1 WZUY5 ' EW-YSIlX.IIW 025-I1Sli I LuvlandFill I 69 # 2 IJ7 I 23JJ 
HAMIS) 812WS EW-YYIR-IIO 05.21111 1 LowlandFill i 4 0.5 20 I 5  
HPNIS I  W2UPS EW-YXl%III 5-6.5 in. I Lowland Fil l  8 I I 0.5 39 20 
HRIJISI 8125195 , EW-YYM-I15 0254.5 R I Lowland Fil l  I I01 ; I i , 210 I l l 5  - 
HPOJ IS) W5N5 ~ EW-9108.116 85 , 2 I I59 821 - 
HPOJIS) 1 Rn-5 . EW-YYU-I17 56.5 lr LuwladFi l l  ! 9 0 3  28 12 
HFM(S) 1 W25N5 ' En-9548-121 0.?~.0.5 rt. Lowland Fill I 10 2 1 120 162 
HFtMiSl . W25N5 I EW-9548-122 0.25-11.5 f r  ! LorlandFil l  i 6 0.5 I8  5 
HFMIS I  ' 8,2595 En-954R.123 5-65 IL ' l u w l n d f i l l  i 5 0 3  I I8  J 
HWI IS )  1 W29N5 ' EW-9548- ID 0.2 in. Lowland Fil l  , 19 1 I 17 1 86 
HRI? IS) I m Y N 5  I EVT-YSOB-I?S 2-31 it.  I b v l r n d   ill I 5 0.5 I 18 5 ' 
HPO7 IS) 1 8129N5 ' EW-9548-I29 3-65 IL I Lowland Fil l  I J 0.5 2 3 . 4 1  
H W I  ISI I m N 5  EVT-YY)B.IM 1O.l l .SIl  1 Lor l rnd R I I  , 5 0.5 I I9 a 
HPI I (S) ' W29fl5 1 EVT.9548.II'. O.2 in. I Lowland Fill I 7 0.5 ' 23 33 
HPI I IS) 1 812VN5 ! EW-YIO8.133 2-3.5 it. I Lowland Fill I 5 0.5 I 8 : ,  
HP I I  (S) I K 9 N 5  I ~~~~~~IN 5-6.5 It. Lowland Fil l  ' 31 0 5  51 1.1 I 31870 
HPIUISI M ( W J  ' EW-YYUI-136 &>in. ' LowlmdFil l  ' 6 0 3  I8 . IJ 
HPIIIIS) I W31WJ j EVT-YYIR.137 2-1.5 IL ' Lorland Fil l  1 6 0.5 , 21 8 5 
HPIO(S) I WXWS I EW-9548-138 5-61 IL I Lowland Fil l  I I 0  0.J I 1 6 1  
HPIO(S) I lVMN5 EW-9548-139 lO.11.511 . Lo r lmdF i l l  , I J  0 3  i 16 ' 3 
HRIR(S) I 8131195 I EW-954bl30 O.2 ~ n .  I U w l m d  Flll I B i I 1 I 8 7  I I12 8 

HR)8(S) I M I N 5  i EW.9548-IS2 5 ~ 6 . 5 1 ~  I Lovlrnd Fil l  1 12 0.5 I I 7 d i -  
HFtPISl 1 8111.95 1 EW.9548-141 C-2 in. I Lowland Fill I 7 0.5 1 6 1 7 :  
HFWISI 1 M l N S  I EW.9528-IP 2.3 5h. I LovllndFil l  1 5 a 5  ' 1 6 ,  3 1  
HP(W(SI I W3IN5 1 EW-YIOR.143 3-65 IL 1 L o r h d F i l l  I 9 0 5  I I V I I I  
HPI3IS) 1 81lIN5 , EW-Y548.145 O.2 in Lor l l ndF i l l  I 31 O5 1 12d ' 33 791811 
HPI I IS )  813lN5 EW-YYls-IU. 2-35 h. I Lowland Fil l  I 26 0.5 i 18 1 
HPI3lSl  I W I N S  ! EW-YYIR.l47 5-6.5 It. I Loxilrnd Fil l  I 10 0.5 1 2 1 4 3  77 
HPI I IS )  1 W31.95 I EW-YYUI-I48 IO.II.~II 8 LowlmdFil l  I 8 0 5  , 1 6 1  3 286 
HW8lS) ' 8131.95 ' EW-PIUS-I51 2.351~ , Lowland Ftll 1 7 0 3  ' 19 I 1 ' 327 
HPI2(S) I YllN5 I EW.9508-IM B 2 i n  I Lovl8ndFill I 1 0.5 16 1 8 ' 
HP121S) I 91105 I EVT.9548-I61 2-3.581. I Loulmd Fil l  I 3 a 5  1 I 4 1  2 ,  
HPI2lS) I YllN5 I EM.9548-162 M . 5  R , LovlandFill I 3 0.5 : IY ' 3 1 67110 
HPI4(S) I 911195 I EW.9IOB-IIS 0-2 m. 1 LurL=ndFlII I 53 1 2 i I 157 I W  8 94 
HPI4(SI 1 YIIN5 1 EW-9308-IS6 2-15 1~ I Lowland Fill I 29 J 3 1 I M6 I 268 1 88 
HPI I IS I  I 911N5 I En-9548.137 5.6.5II. I LovlandFilI i 10 0.5 I 8 1  ' 7 9  
HPIJIS) 1 911.91 I EW4YTX-I58 IO.II.50. 8 LovlandRII ( 110 0.5 1 6 5 l B : 9 2  
HPISISI 1 IUSNS 1 EW-9512-IIXI IL6in. LowlmndFill I 57 ] 2 1 370 1 110 1 253 1 184 
HPISIS) / IU595 I EVI-95I2.IOI 1-35 IL I Lov lmdFi l l  I 9 0.5 226 ' I8  I5 141 
HP\S(S) ' l'JY95 I EVT.9511-10'. S - h l ~  I LorrlandFOI I 12 05 161 39 TI r 
HP1615) I 1 M . 9 5 1  EW-9512-IIY O.6in. I LowlmndFiII 1 31 1 1 ! 131 , 170 1 144 I 26 
HP16(S) I I M N S  I EW-YJl2-I05 2-33 l L  I Lowland Fil l  ! 8 0 3  I56 I 18 1 4 1 M 
HP16lS) I I M N 5  I EW-9512-IM 5-6.5 IL I L o v h d  Fil l  1 2 1  0.5 203 1 82 1 261 ' 26 
HP l7 lS l  1 1218195 1 EW.YJIZ-IW o n 5  a. I LowlmndFill I 419 0.5 112 8 170 I IIM i 31 
HPIR(S1 1 IU11NJ 1 E ~ - Y 5 l 2 ~ I l I  1U1.5 it i luvland Fill 1 320 0.5 116 1 4 9  I M I JI 
HPIY IS) 1 IUIZNJ I En-9512.119 M 5 I L  I LorlnndFil l  1 56 : 23 1 119 1 1120 1 1690 1 35 
HPIY(S) , l U l M 5  I EW-9512.I2l 56.5 b 1 LoulandFiII I 255 1 2 1 126 8 552 1 5220 7.1 
HF2OlSl I lU l3N5 I EW-YSI2.I24 M I  tL I LovlrndFll l  I 28 1 I i 268 ' 75 I 2 1 J2 
HPMlS I  I l Y l M 5  l EW-9512-125 2-3.51~ ! LowlandFiII 1 10 I 2 I 257 I 37 1 I17 I J I  
HPI I  IS) I I U I M S  I EW-9512.129 M.J~L I ~ o ~ h d ~ i l l  I 410 I 1 I m I 1354 : 12470 28 

2 I 296 I 135 I rn 1 
HP24(S) I l l W 6  I EW.YMl-I4I 2.31 rL 1 Lowland Fill 1 18 0.5 146 1 11 I 12 1 
HPUIS I  I INN4 1 E m - W I - I 4 5  M 5 i r  I L o ~ l m d F i l l  1 4 1 1 I Y 7  I 116 1 I71 I 
HP25lSl I INN4 I EW.9MI-146 . 2 - 1 5 I ~  , LodmdF i l l  I i 5  0 3  122 i I8  1 5  
HVZJISI 1 INN6 I EVT.YMILl47 5-65 IL 1 LvvllrndFill 1 16 0.5 Y8 1 29 1 17 7 
HP25(S) I INN4 8 EW.YMI-1.18 IO. l l .5h I LorlsndFil l  32 0.5 U I M I  8 '  
HP261S) I Ill&% ' EVT.WI-I49 M S f r  ; LowluldFil l  8 59 1 I I 187 1 IY ' 1 7 3  
HF27lS) 1 l l l l N 6  I E W - M I - I 5 5  M S l L  1 Lowland Fill 153 0.5 183 1 54 1 75 , 
HPDIS) I l l l l N 6  I EW-9MI- I56 2-3.5h 1 Lowland Fill 1 9 0.5 6 8 1 1 7  3 1  
HPI7lS) 1 1111N4 1 E n - M I - I S 7  54.5 11 8 Lo r lmd  Ft11 1 9 a J  9 f l I 7 1 5  
HP27lSl I l l l l N 6  I E W - M I - 1 5 8  8 0 3  9 6  1 8 1  6 1 
HP28(S) I l l l l N 6  I EW-9601-161 041.5 IL  I Lov lmd Fil l  I 28 I I 199 1 91 I 168 I 
HP28lS) 1111.96 1 EW-9MI-162 2.35,~ , LorlnndFil l  I I8  0 3  202 59 1 116 : 
HPI8ISl  , 6 . E W - W I - 1 6 3  5.65 i~ I Lowland Fil l  I IS 0.5 185 , 2Y I YI 
HPZ8(S) ' l l I l N 6  8 EW-YNII.IM 1O.II.SIc. I LowlandFiII 1 8 0.5 4 8 1 x 1  1 4 1  
HP2YIS) ' 111WYfI E m - Y M I - I L  l Y I 5 h .  i Lowland Fil l  I I 3  0 5  136 ' 19 8 7 
HPIY IS1 1118)9(, 1 EW-WI.167 2.l.SfL ! Lov lmd Flll 1 17 0 5  53 i 23 ' , 
HPl9(Sl . 111W6 I EVT.YM)I-168 5-6.5% I Lowland Fill I I 8  0.5 57 ' 2J 1 I 
HPIYtS) I IIIBEM E n - M I - I W  IO.II.SII I LoulmdFOI I 18 0.5 I O 1 2 1 1  b '  
HP30lS) IIIWYfI ' EW-WII.171 OnSfi. I Lo l l r nd  Fil l  I 4 0.5 6 Y 1 3 9 7 6 ;  
i Lowland Fil l  31 0.5 6 8 1 1 3 8 '  

HP3O(Sl I I l l a n 6  I E V T - M I - I 1 1  5.65 IL I Lo r lmdRI I  I ld 0.5 7 2 l I O 1 8 1  
HP31 IS) ' 1119196 1 E W - W I - I 7 5  W I 5 R  I Lowland Fil l  1 5 0 3  68 1 22 I3 
HP31 IS) . 1119N4 E m - W I - I 7 6  2 . 5  L I Lowland Fill 1 9 0.5 la , IS 1 15 ' 
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TABLE 4-1 COMPREHENSIVE SOIL RESULTS 

Silt Dale Ssrnplr I Lkplh USIT Aa Cd Cr Cu Pb Zn 
LB-I4 I W 2 W X  I EVT-98IIPI-SX 5 - 6 2  11. Ltlulmd Fill 5 5 119 21 45 
LB-l5 W2WX I Em-9808-522 I U I J  It. : Lt~wlmdFill 5 5 I39 3 r  83 

J - 
LB-IS ' RIIWR I EVT-PRO~-S~I ns-2 II U W I ~ ~  FIII J 111 37 53 33 - 

5 - LB-15 I RIIW8 i EYT-VIIIIPI-52I- 1-15 It. , UulsndFill S 5 I18 33 1.1 ' P 5 - 
LB-I5 M W S  : EYT'YROR-515 5-6 5 11. Uvland RII 5 5 171 33 l1 44 
LB-17 , W27NR i LB-I7A . 11-2 11 Lt>rlandFtII 3H) 
LB-I9 I . - ... I 4 M1.511. Ltwlmd Fill I .1Y 5 , 110 116 . 471 IlM ... 



TABLE 4-1 COMPREHENSIVE SOIL RESULTS 

site . D ~ W  s a r n p k i  m p l n  USIT A, c d  cr c u  ~b 73 

EV-RB-S , UIRN3 EM-9308-I511 I IS-l6.J !I. 5-7 Salt ' 34 0.5 23 JJHIJ 
EV-7B.S , U2IW3 ' E M - Y 3 0 8 . 1 5 6 ~  79 0.5 i lVJl ' 1- 
EV-90-5 U 2 M 3  EM.93OR-I59 I 18-IV.5 It. S-I0 Silt 1 12 0 5  1 IJ ' lOm0 
HA11 IS1 812WJ EM-9%-1112 I 5.7 Ir Sill h m l l  I! 23 I7510 
HA11 1SI ' U2UY5 EM.9541R-I03 IILI~II Sill : 01 0.5 I JJ ' 8  I 2 0  
HAIZ(S) ' U2W5 EM-9508-LOX ! 15.17 h 1 Sill I 3Y 0.5 47 00 887 
HFlUiSl  8 n W J  ' EM-Y54lR-I13 121-1411, 1 Sill 26 0.5 I 57 I I4  . 
HPOIISI R12YP5 EM.9508-119 8 15-16.5 It. Salt ' 31 I I J2 ' 9 
Hm51S) ' 8115N5 I EM-9508-I20 b I I ' I  I 53 8 8 
H P l l  1s) ' W2YN5 EM.YYl8-131 I IUI I .5P.  I Sill 1 IJ 0.5 ?158(1 I W 8 
HPIOIS) WYWJ EM-9508-141 ' 15.1651r < Slll 20 0 5  : I 5  8 1MH) 

HR18ISl I U3IN5 EVT-YSOR.153 ' II>II.5!!. ' Sill 211 O J  SI I 8 
HFll8 1SI I 8l3IN5 8 EM-9541%-I54 I I5.16.5I1. I Sik , 47 0.5 I L t 1  8 , I %  
HPMISI  : W l N 5  EW.YSO8-ILI 1 10-1 1.5 11. 8 Sill 1 36 0.5 a 7 1 8  
HPI I IS I  W31f95 EM-9508-149 I2.13.5 ir SclL 211 0.5 36 , 8 ' MI 
H P I I I S I  , YIINS I EVT-YY)8-ISY : 15-16.511, Sill 37 0.5 42 7 281 
HPIS IS1 ' lU5NS EM-9512-I03 I Ill-IIJ h. Sill 9 0.5 84 4 3 1  3 . 1 8  
HPI6ISl ' 12nN5 EM-9512.l07 11b11.51~ Sill I8  0 3  87 1 48 ' 13 YO 

HPIOISI 12nf9S EM-9512-I08 ' 15-16.51~ , Sll! ; I I 0 5  9 8 . 1 6 8  n 
He171S) I 1211WS EM.Y512-I13 ! IJ-L651t. Sill t 19 DS 94 M I M  2- 
HP18iS) I I Y I I N J  EM-9512- I l l  I l O . l I . 5 1 ~  I Slll 1 110 8 1 1 66 280 2550 1 5 & 8 8  
HPI8ISl  8 l U l l N 5  EM.9512-118 : 15-16.5i~ I StIt 8 32 0.5 65 I 68 i IM 5 b E  
HP19lSl I U I M 5  EM.YJI2-122 lUIl.511. i SOL 55 0.5 87 1 58 ! 1% 5)Ol l  
HP19lSl I IU12N5 ' EM.YJ12.123 I 15-16.5 11. Sill I 22 0.5 101 36 I 9  4 U 9 L  
HP201S) I I U I M 5  ; EM.9515128 ~ 1 42 0.5 107 1 41 I 53 I H580 
HPI41S) : I/&% . EM-9N)I-141 IJ.lh.5 Ir Sill I 3  0 J 78 ' 63 1 79 ' 4 
HPI7lSl  llllNfl EM.MI . ISY  I IS-16.51~ Sill I IS 0 5  67 42 , 6 1y)L 
HP28lSl I l l l lNO I EW.9Wl-I65 ! 15.Ih.Jil. S1t 1 16 0 5  95 I 28 55 1.3 - 
HP29lSl I IIIWY(, I EM-960-1711 I 15.1651~ I SdL 5 0.3 *I I I7 I S  73 
HPlOlSI I Ill&% EVT.96OI.17.I I 8-95I1 I SilL I I J  0 5  7 6 1 4 1  7 
HP3I lS l  1 1119N6 1 EM-9M1-178 I 8.Y.Sh. Sill I I7  0 5  72 , 49 I 4 ; 3 8  
HPIZIS) 1 IIIYN6 I EM-960-181 ! 5.b.SR Sill 8 17 0 5  75 47 6 ?83 
HP13lSl 1 1RW6 I EVI.YMI-18J / 8-93 It. I Silt SO 0 5  67 17 1 49 I L  
HPY(S I  I 1 D W h  I E M - M I - I 8 9  8 8-YJIr. -, Sill I I 2  0 5  75 ' 48 3 M 
HP35lSl I IRINO I E M - M I - 1 9 2  8-9.5  it^ Salt I 11 0 5  7 9 , . 1 6 7 ' 4 5  
HP36(S) I I R W h  I E W ~ Y M I I ~ I Y J  I 12-13.51t. . S3t 4 9 0 5  75 I 13 ' I0 I 55 
~ ~ 3 7 1 ~ )  1 lEW96 I EM-WI-198 I 5.6511. . Silt I8 0.5 71 ' 50 ' 5 
HP38 IS) I I R W  ' EVI.9MlI.201 ' 5-65 It. , Silt I 3  0 3  1118 26 I 5  63 
HP3Y 1SI I I R W  I En-YMI-203 8 5.6.S It. SO1 I3  05 62 ' 46 I 4 7 

LB.2 I U2NY(I I Em-VN12-268 I III-II.5ir I 5111 I 111 0 5 I 1 1 3  1 3 W  
LB-6 I Y27FM EM.YW2-286 I 15.16.5iL I Sill ! 155 I I I I JRM ' 1.16 
LB.7 X2&% I EM-9M2-2YO I IC-I!.SIL I Sill ' 41 0.5 230 I 76 
LB-9 I F.VN6 I EM.YW2-B6 1 S.h.Jl1. I Salt I 61 0 5  1 78 1 81 ~ S~IL J s ! S ~ I ~ I J I  
SB-4 I U16196 ! SB.LJe55.5 1 55-5SSIt. I Silt 1 42 5 I I18 1 225 1 72 
L B - l l  i 812SR8 EM-9808.33 I 1011.51~ ; Sill I 17 S 229 1 61 1 11.1 ' Ill 
LB-12 I SRM18 I EM.9808-310 I 1 0 I I 5 i t .  Sill 1 I 2  5 I M  M 1 5 -  ~ I m S I52 ! 37 I 5  5 - 
LB.14 B M n 8  I EVT.9808-521 I LULI.5h. ; S>h I S 1 3  I 17 5 16 
LB-15 '81261981 EM-9808-526 I IO.l l .5ir I Silt I 1071 5 127 1 61 . 119 I I55 

EV-22A ! 9 R N S  1 EM.YBV).IOS / 2U21.51~. I SiL I 1 0  5 118 I 118 1 1108 & 
EV.22B ' 9 E W 8  i EM.9809-IM I 15.265 IL 1 Sill J S I I 55 5 71 
HP4S i 9R3N8 ! E W - Y W - I l l  I IO.II.J~L I SO, ' 23 S 102 ' 55 / 2l2 

EV-IJB I Yt29N8 I E W - Y W - I W  IUI I .J IL I Sill 1 31 S 137 57 5 W 
EV-238 i 9130498 I EM.Y80P-l83 I 10 I I . 5 i r  1 Sqlt 1 28 5 1 4  1 12 J 
EV-2IB I USlW I EV-2IB-5 I 1 Sill 1 14 5 ,20 ' 62 I 1, & 
EV41B I U r n  I EV.2IBd I I Silt S 5 I16 i 31 71 

I 
5 -  

LB-I9 I 1 U l l S h  1 Sill I 1712 I I5  / 136 ' IM i 868 1 316 
LB.20 I I 1 10.ll.sfl. I Silt 2 6  I 5 I 1 1 9  1 7 2  1 I 2  1 8 4  

MW- lmO I 2 I W  I MW-IO7D-J I I Silt I I 5  1 5  1 1 1 7 ' M I  I O I 9 2  
MW.109D ! U.U9 I MW-1WD-5 8 I S111 I I 7  I 5 1 138 1 '8 1 12 89 

H P 4  I MlW I H P 4 - 4  I 1 Silt $9 S I47 1 8 3  / bl 
HP46 I M l W  I H P 4 - 5  I I Silt i 16 5 124 1 I 5 86 
UP47 1 m1PY I H P 4 7 4  1 1 SIL 24 5 Ill I 50 1 I8  11 
HP47 I UIW) I HP47-7 I SOL I1 5 138 1 52 I IJ 
H P 4  I U I W )  HPJ8-4 I Slll 22 5 J 88 
HP-48 i U lWW I H P 4 - 5  I I Sill 10 5 v l J E  59 

HPZIISI 11U15N5 EVI.9512-138 ' 15.O.16.J * Slll I 1 186 
HP16lSl ' I I I W 6  : EVI-YMI-153 ' I>l651t. I Sil lysmd 166 ' 1 I IM IMO I ISYO , 70 
HFZ61Sl 1110496 I EM-YHII . IY ' m 2 1 . 5 1 ~  I si l lysma 349 , 4 i 87 1m . I5520 82 

SL-3 1 U m l  EM-9302-8M , 12- 15 $I I Slag 270 2 1 I I 486 / 
SL - l  ' U m l  I EW.YM2-830 1 28.34 h Slag 787 I I i Lt 1 1767 1 188U) , 
SL-4 Y M I  ' EM-YM2-855 ' 18- 2011 , Slag , 9 2 1  5 1  ' 371 I 

SL.1 US93 ' EVT.9102-852 I 27 It. S1q 1 (32 3 I Id5 I 1011 I 14790 I 

SL- l  . U 5 N l  . EM-9102-853 I 8 1%. - 14 11. 1 Slrg 1 163 I 2 1 I I 113 ! 
SL-3 2,933 EVI.YH)2-85I SJ.N)IL I S1q 1 110 I I W  1701 1 8501 I 

EV-7A.S UIN93 EVI.9MR-112 I IO.II.5 It. S d  , Slag I 385 i I 3  1 8 I W O  95 
EV-8A.S I W I W 3  8 EM-Y3O8-IOI , 2-3.5h. 5.2 Slag I 11R 0.5 I j Y U R  1 85 
EV-8A.S WIN91 1 EM-93118-I03 CJ5it.S.3 Slag I 207 5.4 1 
EV-YA-S I 8116193 ' EM.9308-119 8-9.5i~ S-5 Sbg i IY 0 5  ! I W l 5  : 112 
EV-9A.S : U1W3 ' E W - Y m - I 2 2  ' i t l5.Jir.S-8 I Slrg 1 1394 0.5 I 1 G43 I 68 
EV-6A.S 1 NJ17N3 I EM-YYIR- I l l  10-31.5 11. S-8 I Slag I I I 7.3 I 1 I 2WI0 I 87 
EVdA-S I U17N3 I EM-YYIR-116 i JS-MJILS-II Slap I 481 I 1.1 I I 1 2 4 Y )  278 



TABLE 4-1 COMPREHENSIVE SOIL RESULTS 





TABLE 4-3 LOCATIONS USED FOR SOIL STATISTICS 



'TABLE 4-4 SUMhlARY O F  SAMPLES ANALYZED FOR ARSENIC AND LEAD 

SITE CODE SAMPLE SITE SAMPLE NO. Sr\h2y,E SAMPLED UNIT  
"Gr," 

HA1 SR-529 Interchange - No& Side EVT-9804-329 0-6 in. Fil l 
l l A l  SR-529 Interchange - North Sidc EVT-9804-330 6 in.-l R. Fill 
HA1 SR-529 lntcrchangc - Nonh Side EVT-9804-331 2-2.5 n. Fill 
HA1 SR-529 l!~rerchange - Nonh Side EVT-9804-332 4-4.5 R. Fi l l  
1W10 SR-529 loterchangs - Nonh Side EVT-9804-365 0-6 in. Fi l l  
HA10 SR-529 Interchange - No& Side EVT-9804-366 6 in..] R. Fi l l  
HA10 SR-529 lnlcrcl~angs - Nonh Side EVT-9804-367 2-2.5 R. Fi l l  
I IAIO SR-529 Interchange - Nonh Side EVT-9804-368 4-4.5 R. Fi l l  
HA1 1 SR-529 Irnterchange - Central Median EVT-9804-353 0-6 is. Fi l l  

HA1 1 SR-529 Interchange - Ccntnil Median EVT-9804-354 6 i n - l  R. Fill 
HA1 1 SR-529 Illtcrchangs - Ccnhal Msdian Em-9804-355 2.25 n. Fill 
HA11 SR-529 Itttcrchangc - Centnil Median Em-9804-356 4-4.5 R. Fill 

HA12 SR-529 lctterchangc - South Side EVT-9804.320 0-6 in. Fil l 
HA12 SR-529 Interchange - South Side EVT-9804-321 6 in.-1 n. Fill 
1K12 SR-529 Interchange - South Side EVT-9804-322 2-2.5 R .  Fill 
HA12 SR-529 lnlerchange - sour11 side EVT-9804-323 44.5 n. Fill 
HA13 SR-529 Interchange - Nonh Side EVT.9804-341 0-6 ill. Fill 
11A13 SR-529 lr~tcrchange - North Sidc EVT-9804-342 6 in.-1 n. Fill 
HA13 SR-529 lrntcrchange - North Side EVT-9804-343 2-2.5 R. Fill 
HA13 SR-529 Interchange - Nonh Side EW-9804.344 44.5 R. Fill 
HA14 SR-529 Interchange - Nonh Side EVT-9804.361 0-6 in. Fil l 
HA14 SR-529 Infcrehange - Nonh Sidc EVT-9804-362 6 in:l n. Fill 
HA14 SR-529 Interchange - North Side EVT-9804-363 2-2.5 R. Fill 
IIA14 SR-529 lntcrehange - North Side ~v~.9804-364 44.5 n.  ill 
HAIS SR-529 Interchange - Cenlral Median EVT-9804-357 0-6 in. Fil l 
HAIS SR-529 Interchange - C e n d  Median EVT-9804-358 6 in.-1 R. Fill 
1W15 SR-529 Inlcrehance - Central Median EVT-9804-359 2-2.5 n. Fill 

HA16 
HA16 
HA2 
HA2 
HA2 
HA2 
HA3 
HA3 
HA3 
HA3 
HA4 
HA4 
HA4 
HA4 
HA5 
HAS 
HA5 
HA5 
l l A 6  
HA6 
HA6 

HA6 
HA7 
11A7 
HA7 
HA8 
HA8 
I IA8 
HA8 
t(A9 
HA9 
HA9 
HA9 
SA I  
SA I  
SA I  

SR-529 Interchange - Soutln Side 
SR-529 lr~rershanp - Sooth Side 
SR-529 Interchange - North Side 
SR-529 Interchange - North Side 
SR-529 Interchange - North Side 
SR-529 Infcrehange - Nonh Side 
SR-529 Interchange - Central Median 
SR-529 Interchange - Central Mcdian 
SR-529 Interchange - Central Mcdian 
SR-529 Interchange - Central Median 
SR-529 Interchange - South Side 
SR-529 Interchange - South Sidc 
SR-529 lnterchange - South Sidc 
SR-529 lmferchange - South Side 
SR-529 tslcrchmgc - Nonh Side 
SR-529 lnlcrchrngc - No& Sids 
SR-529 lntercl~ange - Nonh Sids 
SR-529 l~ttercllanp - Nonh Sidc 
SR-529 llttercllange - Nosh Side 
SR-529 lntcrchange - Nonh Side 
SR-529 lntcrchangc - Nonh Sids 
SR-529 lntcrehange - Nonh Sids 
SR-529 It~terchwlge - Ccntral Median 
SR-529 Interchange - Cenhal Median 
SR-529 Innlerchange - Ccntral Median 
SR-529 lnerchange -South Side 
SR-529 lnterchange - South Side 
SR-529 Interchange - South Side 
SR-529 lntcrchange - South Side 
SR-529 Interchange - Nanh Sidc 
SR-529 lntcrchange - North Side 
$R-529 lntcrchange - Nonh Side 
SR-529 lnterchange - North Sidc 
Roasting Area - Durt Clnmberr 
Roasting Area - Dllnl C1,nnbers 
Roarring Area - Dust Chambers 

6 in-I  n. 
2-2.5 n. 
44.5 n. 
0-6 in). 
6 is.-l R. 
2-2.5 R .  
4-4.5 R. 
0-6 in. 
6 i n - I  R. 

6 in-I n. 
2-2.5 n. 
4 4 5  n. 
0-6 ill. 
6 i n - l  R. 
2-2.5 n. 
0-6 in. 
6 i n - I  ft. 
2-2.5 0. 
44.5 0. 
0-6 in. 
6 in.-1 R. 
2-2.5 n. 
44.5 n. 
0-1 n. 
1-2 n. 
2-3 R.  

Fill 
Fi l l  
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fi l l  
Fil l 
Fil l 
Fil l 
Fi l l  
Fi l l  
Fi l l  
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fi l l  
Fil l 
Fi l l  
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
Fil l 
S8neltcr Debris 
Slnclter Debris 
Scnelfer Debris 





SITE CODE SAMPLE SITE 

SA2 1 Whitehorse Trail 
SA2I Wl~itehorse Trail 
SA21 Whikliorse Trail 
SA22 Medon Way 
SA22 Medola Way 
SA22 Medorv Way 
SA22 Medon Way 
SA22 Medan Way 
SA22 Msdora Way 
SA23 SR 529 Median 
SA23 SR 529 Median 
SA23 SR 529 Median 
SA23 SR 529 Median 
SA23 SR 529 Median 
SA24 East Marias view Drive 
SA24 East Marine View Drive 
SA24 East Mnrime View Drive 
SA24 Earl Marine View Drive 
SA24 Ear! Marine View Drive 
SA25 South of Arsenic Proccrr Area 
SA25 South o f  Arscnie Proccss Area 
SA25 Sallth o f  Arsenic Proeerr Area 
SA25 Soall of Arsenic Process Area 
SA25 South of Arsenic Process Area 
SA26 South o f  Arsenic Process Area 
SA26 Soutll of Arsenic Process Area 
SA26 South of Arscnic Process Area 
SA26 South af Arsenic Process Area 
SA26 South o f  Anenic Process Area 
SA26 South of  Arrcnic Process Area 
SA3 Roasting Area -Ore Sllcd 
SA3 Roasting Area - Ore Shed a ::: Roasting Area - Ore Shed 

Roasting Area - Ore Shed 
SA4 Roasting Area - Southwest Pan 
SA4 Roasting Area - Southwest Pvrt 
SA4 Roasting Area - Southwet Pan 
SA4 Roasting Area - Southwest Pan 
SA4 Roarling Area - Southwest Pun 
SA4 Roasting Area - Sot~lllwest Pan 
SAS Blast Fan~ucdLead Refining Arca 
SAS Blvrr FtirnacdLead Refining Arca 
SA5 Blast RmlacdLeud Refininc Area 

Blarr F~~n>veclLead Refining Area 
Rlart FtlrnasdLead Refining Area 
Rlrrt FurnaedLead Relining Area 
Arsenic I'rocerr Area - Ovens 
Arsenic Pracerr Arca - Ovezlr 
Arrenie Proccrr Arca - Ovenr 
Ar~enic I'racerr Area - ovens 
Arsenic Process Arca - Ovenr 
Arsenic Procerr Arca - Ovcnr 
Arsenic Procerr Area - Ovenr 
Anenic Procerr Arc8 - Storage Bin 
AKenie Rocerr Ares - Stonge Bin 
Arsenic Procerr Area - Stongc Bin 
Arsenic Process Area - Storage Bin 
Arrcnie Process Arer - Stonae Bin 

South o f  Arsenic Pmcerr Arca 
South of Arsenic Proccss Area 
Sautll of Arsenic Procerr Arer 

SAMPLE NO. 

EVT-9803445 
Em-9803446 
EVT-9803-447A 
EVT-9804-306 
EVT-9804-306 
EVT-9804-307 
EVT-9804-308 
EVT-9804-309 
EVT-9804-3 10 
EVT-9803425 
EVT-9803426 
EVT-9803427 
EVT-9803-428 
Em.9803429 
EVT-9804-300 
EVT-9804-301 
EVT-9804-302 
EVT-9804-303 
EVT-9804-304 
EVT-9803-31 5 
EVT-9803-316 
EW-9803-317 
EVT-9803-318 
EVT-9803-320 
EVT-9803.321 
EVT-9803-322 
EVT-9803-323 
EVT-9803-324 
EVT-9803-325A 
EVT-9803-325A 
EVT-9803431 
EVT-9803432 
EVT-9803433 
EVT-9803434 
EVT-9803.391 
EVT-9803-392 
EVT-9803-393 
EVT-9803.394 
Em-9803-395 
EVT-9803-396 
EVT-9803-376 
Em-9803-377 
EVT-9803-378 
EVT-9803-379 
EVT.9803-380 
Em-9803.381 
EVT-9803-382 
EVT-9803-383 
EVT-9803-384 
EVT-9803-353 
EVT-9803454 
EVT-9803456 
EVT-9803-357 
EVT-9803-359 
EVT-9803-360 
EVT-9803-361 
EVT.9803-344 
Em-9803-345 
Em-9803-346 
EVT-9803-347 
EVF9803-348 
Em-9803.349 
Em-9803-351 
EVT-9803-352 
EVT-9803.305 
EVT-9803-306 
EVT-9803-307 

SAMPLE 
DEPTH 

2-3 R. 
3 4  A. 
4-5 n. 
0-1 n. 
0-1 n. 
1-2 A. 
2-3 n. 
3.4 n.  
4.5 n. 
0-1 n. 
1-2 n. 
2-3 R. 
3 4  n. 
4-5 n. 
0-1 ft. 
1-2 n. 
2-3 n. 
3 4  n. 
4-5 8. 
0-1 n. 
1-2 n. 
2 4  A. 
3 4  n. 
4-5 ft. 
0-1 n. 
1-2 n. 
2-3 fl. 
3 4  n. 
4-5 n. 
4-5 R. 
0-1 n. 
1.2 11. 
2-3 ft. 
3 4  n.  
0-1 A. 
1-2 n. 
2 4  R. 
3 4  R. 
4-5 n.  
5-6 ft. 
0-1 0. 
1-2 n.  
2-3 A. 
3 4  n. 
4-5 n. 
5-6 R.  
8.9 fl. 
11-12n. 
14-15 n. 
0.1 n. 
1-2 n. 
2-3 n. 
3 4  n. 
4-5 n. 
5-6 n. 
7.5-9 n. 
0-1 n. 
1.2 n. 
2.3 n. 
3-4 ft. 
4.5 n. 
5-6 n. 
7.5.9 n. 
10.11 n. 
0-1 n. 
1-2 n. 
2-3 R. 

SAMPLED UNIT 

St~~cller Debrir 
Smeller Dcbrir 
Glacial Till 
Road PavemenVBare Fill 
Raad PaverncnUBasc Fill 
Road Base Fill 
Road Base Fill 
Road Base Fill 
Glacial Till 
Fill (Loam) 
Glacial Till 
Glacial Till 
Glacial Till 
Glaeivl Till 
Road pavement 
Road Base Fill 
Glacial Till 
Glacial Till 
Glacial Till 
Road PavcmenlIBasc Fill 
Road Bare Fill 
Road Bare Fill 
Road Base Fill 
Road Base Fill 
Raad Paverncnllsare Fill 
Road Bare Fill 
Rood Ilase Fill 
Road Base Fill 
Rovd Base Fill 
Rovd Bare Fill 
Lou" 
Sand 
Glacial Till 
Glreirl Till 
Fill (Loam) 
Scncltcr Oebnir 
Glaeivl Till 
Glacial Till 
Glacial Till 
Glneiul Till 
Fill (Loam) 
Smcltcr Debris 
Smelfer Debris 
Smelter Debris 

Smcllcr Debrir 
Smeltcr Debris 
Glacial Till 
Glacial Till 
Glacial Till 
Lorn,, 
LoamiSrnelter Debris 
Sn~clrer Dcbrir 
SlneltciDebris 
Glacial Till 
Glacial Till 
Glacial Till 
Fill 1Loanl , , 
Fill (Loam) 
Fill , 

Fill 
Fill 
Fill 
Glacial Till 
Glacial Till 
Fill 
Fill 
Glscirl Till 





SITE CODE S,\WPLE SITE 

TPI IB-BH Adjacent IoTPI I 
TPIIB-BH 
TPI IB-BlI  
TPI IB-BH 
TPI IB-BH 
TP3 
TP3 
TP3 

Adjacent to TPI I 
Adjacent to TPI I 
Adjacent to TPI I 
Adjacent to TPI I 
Roaster Area - Southeast Roaster 
Raaaer Area - Saudleast Roaster 
Roaster Area - Southeast Roasler 
Roaster Arm - Southeast Roaslcr 
Roaster Area - Southcast Roaster 
Roaster Area - Southcast Roaster 
Adjucenf to TP3 
Adjacent lo TP3 
Adjacent loTP3 
Adjvcenl to TP3 
Adjacent to TP3 
Adjacm! to TP3 
Processing Arca - Arsenic Kitehenr 
P r o ~ e ~ ~ i n p  Area - Arsenic Kitcllenr 
Processing Arca - Arscnic Kitehenr 
Processing Arc. - Arscnic Kitchens 
Procerring Area - Arsenic Kitchens 
Pmccsring Area - Arscnic Kirehenr 
Adjacent to T1'4 
Adjacent lo TP4 
Adjacent to TP4 
Adiacenl to TP4 
Prwerrimg Area - Arsenic Kitcl~ens 
Proccssi81g Are8 - Arrenic Kitchens 
Processing Area - Arsenic Kitchens 
Processing Area - Arsenic Kitcl>enr 
Pmcerring Area - Arsenic Kitchens 
Proccrrilrg Area - Arsenic Kitchenr 
Proccrnin& Arcr - Arrcnic Kitchcnr 
Pmccrring Area - Arsenic Kitehcnr 
Proccrsing Area - Arsenic Kitchens 
Prwc~sing Arc. - Arrcnic Kimbenr 
Processing Arca - Arrcnic Kilchenr 
Adjacent to TP6A 
Adjrccnl to TP6A 
Adjljoccnr to TP6A 
Adjaccnl ta TP6A 
Adjacent to TP6A 
Processing Area - Flue Sln~cturc 
Procerring Arca - Flue Slruelure 
Processing Area - Flue Stlucturc 
Processing Area - Flue Slructurc 
Procerning Area - Flue S,n,ctare 
Processing Arca - Flue Stntcture 
Processing Area - Flue Structure 
Pmcessing Area- Durt Cl>ambers 
Proecrring Arca - Dllrt Chambcn 
Processing Area - Durt Chambers 
Pmcerring Area- Dust CLamben 
Processing Area - Durf Chambers 
Pmes~ing Area - Dust Chmben 
Adjacent lo TP7 
Adjacent lo TP8 
Adjacent lo T W  
Adj"cc"1 t0'TPIO 
Prwcssing Arca - Durt Chamhcn 
Procerring Area - Durt Cllattben 
Processing Area - Durr Chambers 
Procerring Area - Durr Chambers 
Processins Arca - Dus Cllamhera 

TP8 a TP9 
Proccrring Area - Dua Charnbcn 
Pmcenring Area - Durt Cllvlnberr 

SAMPLE NO. 

8-9 n. 
10.1 1 ft. 
12-13.5 R. 
0-1 R. 

0.1 n. 
0.1 ft. 
1.2 n. 
2-3 A. 

3-4 fl. 
4-5 n. 
5-6 R. 
0-1 R. 
1-28, 
2-3 R. 
3-4 0. 
4.5 n. 
54 R. 
5-6 n. 
6-7 R. 
8-9 n. 
10.11 n. 
0-1 R. 
1-2 n. 
2-3 R. 
3-4 n. 
4-5 R. 
5-6 n. 
0-1 n. 

SAhlPLED UNIT 

Fill 
Fill 
Glacial TiII 
Glacial Till 
Glacial Till 
Fill (ham)) 
Smelter Dcbrir 
Smeller Dehrir 
S>neltcr Dcbrir 
SmelteiDebrir 
Slneller Dehrir 
Smelter Debris 
Smcllcr Dcbris 
Glacial Till 
Glacial Till 
Glacial Till 
Glacial Till 
Fill (ham) 
Sn~eltei Debris 
Smclar Debrir 
Smclrer DcbridFill 
FilliGlacial Till 
Glacial Till 
Glvcial Till 
Glacial Till 
Glacial 'Till 
Glacial Till 
Fill (Loan>) 
Smelter Debrir 
Fill 
Glacial Till 
Glacial Till 
Smclrer Debrir 
Stnelter Debrir 
Fill 
Fill 
Glacial TiII 
Glrcirl Till 
Glacial Till 
Glacial Till 
Glacial Till 
Glacial Till 
Glacial Till 
Snlclter Debridham 
Smelter DebridLoan~ 
Smelter Debris 
Fill 
Fill 
Glrcial Till 
Glacial Till 
Fill (Loam) 
Smeller Debris 
Smelter Dcbris 
Fill . ... 
Fill 
Glrcirl Till 
Glacial Till 
Glvcial Till 
Glacial Till 
Glacial Till 
Stnclter Debris 
Sltteller Debris 
Smelter Dcbrir 
Smeller Debris 
Fill 
Glacial Till 
Loam FilliSmelter Debris 



SITECODE SAMPLE SITE SA5IPI.E NO. SAhlPLED UNIT AS 
Pb 

DEPTII ( m w W  ( m d k a )  
TP9 Processing Area - Dust Chomben EVT-9803.120 1-2 n. Fill 10501 795 
l?9 Raccssing Arca - Dust Cbarnbcrr EVT-9803.121 2-3 R. Fill 5668 672 
TP9 Pracessiclg Area - Dust Cl~ambcrr EVT-9803.122 3-4 R. Fill 7821 16 
m Proccrring Area - Dust Cllonberr EVT-9803-123 4-5 R. Fill 1564 14 
TP9 Processing Area - Dust Chambers Em-9803-124 5-6 R. Glacial Till 535 14 

excel trblcr4-4 



TABLE 4-5 PRINCIPAL HYDROSTRATIGRAPHIC UNITS 



TABLE 4-6 SUMMARY OF HYDRAULIC CONDUCTIVITY RESULTS 







Site Code Well Type Sample Date Sample Number (mg/L) (mg/L) 

MW-8(W) deep 61 16199 EVT-9906-249 <0.005 U <0.005 U - 
WP-I shallow 3/2/99 EVT-9903- l l l 0.980 1.000 
WP-I shallow 6/15/99 EVT-9906-240 0.820 0.890 

excel tables4-7 





TABLE 5-1. RESULTS OF BULK LEACH ANALYSIS OF SOILS FROM SLAG PILE VICINITY 

Slafislics by Sarnple 
pH Min 
pH Mar  

ptI  Mran 

As Min 
As Mar 

As Mean 

9.3 10.1 8.4 9.2 9.1 10.0 9.9 
10.6 11.1 10.4 11.1 10.9 10.9 I I 
9.87 10.55 9.10 9.78 9.60 10.33 10.23 

1.3 0.25 <O. 1 43. l <O. 1 0.32 0.22 
2.3 0.3 0.4 0.16 0.27 0.69 0.4 1 
1.67 0.27 0.18 0.12 0.14 0.50 0.34 

Sfafisfics by 1)epfh 
0-2' 5-7' 
8.4 9.2 
10.9 1 1 . 1  

9.8 10.2 

<O. 1 <O. 1 

2.3 0.41 
0.70 0.24 



TABLE 5-2 CALCULATED ARSENIC LOADING FROM STORM WATER RUNOFF OR SURFACE WATER 

~l~~ cone. ~~~d Percent of Percent of Non- D~~~ 

Site Location Sample Date(s) (gpm) (mg/L) (Iblday) Overall ~ o t a l " '  MH Total "' Source 

UPLAND AREA 
Fenced Area and Associated Receptors 
CB-9 Pilchuck Path 1118199-1/28/99 9.0 0.29 0.0312 1.4% 5 4 %  (1)  . \- ,  

CB-I0 Pilchuck Alley Ill  8199 2.4 0.03 0.0009 0.0% 0.2% 
CB-15 E. Marine View Drive 1/18/99 1.7 1.10 0.023 1.0% 4.0% 

(2) 

440 Pilchuck Outfall SR-529 Off Ramp 
(2) 

1118199 0.8 0.42 0.0040 0.2% 0.7% 
Seep 1 E. Marine View Drive and SR-529 Intersection 2/5/99 2 21 0.50 23.1% 87.5% 

(2) 

MH-2 Sewer Line at E. Marine View Drive and Butler 1118/99-1/28/99 -- 
(2) 

43 3.1 1.61 73.6% 
CB-46 E. Marine View Drive Underpass Catchbasin 1/18/99 85 0.01 0.01 0.5% 1.8% 

(1) 
(2) 

Neighborhood North ofSR-529 Overpass 
CB-29 SR-529 South On-Ramp 1/18/99 3.2 0.01 1 0.0004 0.019% 0.07% 
CB-42 E. Marine View Drive at Skyline Drive 1/18/99 4.8 

(2) 
0.007 0.0004 0.018% 0.07% 

CB-20 Whitehorse Trail 1/18/99 5.5 0.009 0.0006 0.027% 0.10% 
(2) 

CB-83 Bridgeway 1/18/99 0.3 
(2) 

0.013 0.0000 0.002% 0.01% (2) 

Neighborhood South of Butler Street 
CB-44 E. Marine View Drive at Hawthorne Street 1118199 1.5 0.069 0.0012 0.057% 0.22% 
CB-43 Hawthorne btwn Butler and E.Marine View Drive 1/18/99 2.4 0.005 0.0001 0.007% 0.03% 

(2) 
(2) 

UPLAND AREA TOTAL CALCULATED LOAD 2.18 
UPLAND AREA TOTAL CALCULATED LOAD EXCLUDING MANHOLES 0.58 

LOWLAND AREA 
SW-2 Drainage Ditch from Slag Pile 611 7/99 0.36 1.5 0.006 
SW-17 Relocated Site Upgradient From City Outfall 1128199-2/1/99 58 0.051 0.035 

(2) 

SW-18 Eastern Most Ditch 111 8/99. 1/28/99 184 
(1) 

0.094 0.21 
SW-18 Eastern Most Ditch 611 7/99 4 0.37 0.0178 

(1) 

SW-I8 Eastern Most Ditch 8/3/99 I 0.24 0.0029 
(2) 

Outfall Snohomish River Outfall 611 7/99 3.7 0.097 0.0043 
(2) 
(2) 

Notes: 
( I )  Calculated average from automated sampler data 
(2) Maximum results from grab samples 
(3) Percent ofTotal Obsemed Load (2.18 iblday) 
(4) Percent of Total Observed Load Excluding Manholes (0.58 iblday) 

excel tables5-2 



TABLE 5-3 
SEDIMENT SAMPLES WITH ARSENIC EXCEEDING SQS AND/OR CSL CRITERIA 

Site Task 
Mill E Phase I 
Mill E Phase I 
Mill E Phase I 
Mill E Phase I 
Mill E Phase I 
Mill E Phase 111 
Mill E Phase I11 
Mill E Phase I11 

Sample Sample Arsenic SQS CSL 
Location Number (mg/Kg) (mg/Kg) (mg/Kg) 
SR-01 SR-01-01 103.0 57 93 
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APPENDIX A 
SOIL BORING LOGS 



. . -  

WELL COMPLETION YM DESCRIPTION INTERVAL 

well Installed? 
County: Snohomish State: Washington 

Surface Casing Used? N 

Screen/Perforations? N 

Sand Pack? N 
Descriptive Location: 

Annular Seal? N 

Surface Seal? N 
Recorded By: BT 

DEVELOPMENT/SAMPLING 
Drilling Company: Hydrometria 

Well Developed? N 
Driller: Jim Neiderkom 

Water Samples Taken? N 
Drilling Memod: Hollow Stem Auger 

Boring Samples Taken? N 
Drilling Fluids Used: None 

Purpose of Hole: Soil samplehydropunch Static Water Level Below MP: 18.5 Surface Casing Height (ft): 

rget Aquifer: Deep Allwial Date: 9/22/98 Riser Height (11): 
MP Description: top of PVC casing Ground Surface Elevation (ft): 

GEOLOGICAL DESCRIPTION 

m to line grain. p r l y  soned, moist. 

.very fine lo fine grain, well sorid, wet. 



WELL COMPLETION Y/N DESCRIPTION 

Slate: Washington 
Surface Casing Used? N. 

roperiy Owner: Port of Everen 

DEVELOPMEMISAMPLING 
Drilling Company: Hydrometries (Mobile 8-61) 

Driller:, Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

Date: 
Ground Surface Elevation (R): 

GEOLOGICAL DESCRIPTION 

5.0 - 6.5' Duplicate sample a1 09:17 
HP-46-lD. Hydropunch from 5-10. 
M - 9 9 0 2 - 1 W  Dup. 101 

th white gmiffi, medium sized gmiffi.twSe LO medium dense. 
wet. uniform. trace subrounded 114' gravel. 

20.0 - 21.5' Drive hydropunch to 
20-25' EVT-9902-102 



Surface Seal? 
Recorded By: JS 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometrics (Mobile 8-61) 

Well Developed? 
Driller: Jim Niederkorn 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 
Drilling fluids Used: None 

Purpose of Hole: Collect Hydropunch Water SamplePtatic Water Level Below MP: Surface Casing Height (It): 

Target Aquifer: Date: Riser Height (It): 

Hole Diameter (in): 8 MP Description: Ground Surface Elevation (It): 

Total Depth Drilled (It): 20 MP Height Above or Below Ground (ft): MP Elevation (A): 

Remarks: Drilled with a Movile Drill 6-61 using 4-114' (ID) Hollow Stem Auger: Sampled with a 2' (OD) splid spoon under a 140-lb. 30' drop, winch 
release safety hammer on 'A' rod. Samples submitted to Hydrometrics Ruston XRF lab for metals analysis. Cuttings placed in 55 gallon drums for 
disposal by the Grandview Residence Council. Borings abandoned with bentonite grout and capped witha 1' mncrete cap and ID tag. 

GEOLOGICAL DESCRIPTION 

2.0 - 3.5' Water at time 01 drilling] 

5.0 - 6.5' Hydropunch 5-10'sample 
water EVT-9902-103 

ith while grains, medium sized grainr.lwse to medium dense. 

10.0 - 11.5' Duplicate sample 
HP-47-70 B 08:02 

20.0 - 21.5' Dvve hydropunch 20-25' 
sample EVT-9902-104. 



Project: Everen Lowland Investigation 

County: Snohomish State: Washington 
Surface Casing Used? N 

Property Owner: Port of Everett 

Descriptive Location: 
Annular Seal? 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometries (Mobile 8-61) 

Driller: Jim Niederkorn 
Water Samples Taken? N 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

Purpose of Hole: Collect Hydropunch Water Sam 

GEOLOGICAL DESCRIPTION 

2.0 - 3.5' Drive hydmpunch and 
sample fmm 3-8': EVT-9902-105. 
dup EVT-9902-106 

th white grains, medium size gmins, medium dense. wet. 

Bsck viith white grains, medium sized grains.lmrs to medium dense. 

20.0 - 21.5' No Sample; Drive 
hydmpunch fmm 2025  sample 
Em-9902-107. 



HYDROMETRICS INC. Soil Boring ~ o g  
Consulting Scientists and Engineers Hole Name: LB-11 
Tacoma, Washington Date Hole Staned: 8/25/98 Date Hole Finished: 8 1 2 ~ ~ 8  

Surface Seal? 
Recorded By: JCross 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometrics (Piper) 

Well Developed? 
Driller: Jeff Cross 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 
Drilling Fluids Used: None 

Client: Asarco 
WELL COMPLETION YM DESCRIPTION INTERVAL 

Project: Everen Lowland Investigation 

Purpose of Hole: Collect Soil Samples Static Water Level Below MP: Surface Casing Height (It): 

Target Aquifer: Date: Riser Height (R): 

Hole Diameter (in): 4 MP Description: Ground Surface Elevation (It): 

Total Depth Drilled (It): 11.5 MP Height Above or Below Ground (R): MP Elevation (It): 

County: Snohomish State: Washington 

Property Owner: Benson 

Legal Description: Benson Property 

Descriptive Location: 50's 8 25' W of shed. 

Well Installed? N 

Surface Casing Used? N 

ScreenlPerforations? N 

Sand Pack? N 

Annular Seal? N 



HYDROMETRICS INC. L Soil Boring Log 

!: LB-12 I / Consulting Scientists and Engineers m o l e  Name .. -- .- 
/ - Tacoma, Washington Date H O I ~  Staned: ~ ~ 6 1 9 8  Date H D I ~  Anished: 8 1 2 ~ ~ 9 8  

N INTERVAL Client: Asarw 
WELL COMPLETION Y M  DESCRlPTlO 

Project: Everen Lowland Investigation 
Well Installed? 

County: Snohomish State: Washington 

Property Owner: Benson 
ScreenIPerforations? 

Legal Description: Benson Property 
Sand Pack? 

Descriptive Location: 60' due S of LB-t 1 
Annular Seal? 

- 
Purpose of Hole: Collect Soil Samples Static Water Level Below MP: Surface Casing Height (R): 

Target Aquifer: Date: Riser Height (11): 

Hole Diameter (in): 4 MP Description: Ground Surface Elevation (ft): 

Total Depm Drilled (R): 11.5 MP Height Above or Below Ground (R): MP Elevation (n): 

Remarks: Drilled with a Piper 2000 mounted on a F-250 pickup using 2 114' (ID) hollow stem auger; Sampled witha 2' (OD) split spoon Srtmpler wlo 
liner under a 140-lb, 30' drop, cathead freefall safety hammer on 'A' rod. Borings abandoned with bentonite chips. Cunings placed in 55 gal. drums 
for disposal in soil stockpile at smelter footprint. Samples submined to Hydrometrics, Ruston XRF laboratory for metals analysis. 

Rewrded By: JCross 

Drilling Company: Hydrometrics (Piper) 

Driller: Jeff Cross 

Drilling Method: Hollow Stem Auger 

Driilina Fluids Used: None 

Surface Seal? N 

DEVELOPMENnSAMPLlNG 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? Y XRF Analysis 00.5.2-3.5.5-6.5, and 10- 



HYDROMETRICS INC. Soil Boring Log 

Consulting Scientists and Engineers Hole Name: LB-13 
Tacoma, Washington D ~ I B  HOIB s ~ ~ n e d :  @126198 Dale Hole Finished: mw8 

c,:--.. ' ..... 

~roject: tveren LOWI~ 

County: SnrL--'-' 

Property Ov 
Legal Descnpnon: o 
- .~ ~ 

tern,. marc0 ~~ -- 

. ~- WELL COMPLETION Y/N DESCRIPTION INTERVAL 
ind Investigation 

Znomlsn 
Well Installed? 

State: Washington 
N 

Surface Casing Used? N 
vner: Benson 

~ Screen/Perforations? N -enson Property 
Sand Pack? 

Descriptive Location: 25' E of LB-1.2 
N 

Annular Seal? N 

Surface Seal? 
Recorded By: JCross 

N 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometrics (Piper) 

Well Developed? 
Driller: Jeff Cross 

N 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 0.0.5.2-3.5.5-6.5, and l(1- 
Drilling Fluids Used: None 

Purpose of Hole: Collect Soil Samples Static Water Level Below MP: Surface Casing Height (R): 

Target Aquifer: Date: Riser Height (It): 

Hole Diameter (in): 4 MP Description: Ground Surface Elevation (R): 

Total Depth Drilled (R): 11.5 MP Height Above or Below Ground (R): MP Elevation (It): 

Remarks: Drilled with a Piper 2000 mounted on a F-250 pickup using 2 114' (ID) hollow stem auger: Sampled wilha 2' (OD) split spoon sampler w/o 
liner under a 140-lb. 30' drop, cathead freefall safety hammer on 'A' rod. Borings abandoned with bentonite chips. Cuttings placed in 55 gal. drums 
for disposal in soil stockpile at smelter fwtprint. Samples submined to Hydrometrics. Ruston XRF laboratoly for metals analysis. 

. . 



Consultina Scientists and Engineers rn HYDROMETRICS INC. Soil Boring ~ o g  

dole Name: LB-14 - ., , . - -  -~ - - -  ~ - Tacoma, hashington 
Dale Hole Staned: 8126198 Date Hole Finished: l 

Client: Asarw 

Project: Everen Lowland Investigation 
WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? 
County: Snohomlsh State: Washington 

N 

Surface Casing Used? N 
Property Owner: Benson 

Screenlperforations? N 
Legal Description: Benson Property 

Sand Pack? 
Descriptive Location: 60' due S of LB-12 

N 
Annular Seal? N 1 
Surface Seal? 

Recorded By: JCross 
DEVELOPMENTISAMPLING 

Drilling Company: Hydrometrics (Piper) 

Driller: J e l l  Cross 
1 well ~evelo&d? 1 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 0-0.5, 2-3.5. 5-6.5, and t - 
Drilling Fluids Used: None 

Purpose of Hole: Collect Soil Samples Static Water Level Below MP: Surface Casing Height (It): 

Target Aquifer: Date: Riser Height (It): 

Hole Diameter (in): 4 MP Description: Ground Surface Elevation (R): 

Total Depth Drilled (R): 11.5 MP Height Above or Below Ground (R): MP Elevation (It): 

Remarks: Drilled with a Piper 2000 mounted on a F-250 pickup using 2 114' (ID) hollow stem auger: Sampled witha 2' (OD) split spoon sampler w/o 
liner under a 140-lb, 30' drop, cathead freefall safety hammer on 'A' rod. Borings abandoned with bentonite chips. Cuttings placed in 55 gal. drums 
for disposal in soil stockpile at smelter footprint. Samples submitted to Hydrometrics. Ruston XRF laboratory for metals analysis. 



HYDROMETRICS INC. Soil Boring Log 

Consulting Scientists and Engineers 
Tacoma, Washington 

Hole Name: LB-15 
Dale Hale Staned: 8/26/98 Date Hde Finished: 8/26/98 

Surtace Seal? 
Recorded By: JCross 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometries (Piper) 

Well Developed? 
Driller: Jeff Cross 

Water Samples Taken? N 
8 Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 
Drilling Fluids Used: None 

Client: Asarco 
WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Project: Everett Lowland Investigation 

Purpose of Hole: Collect Soil Samples Static Water Level Below MP: Surface Casing Height (It): 
Target Aquifer: Date: Riser Height (It): 
Hole Diameter (in): 4 MP Description: Ground Surface Elevation (It): 
Total Depth Drilled (H): 11.5 MP Height Above or Below Ground (It): MP Elevation (It): 

County: Snohomish State: Washington 

Property Owner: Benson 

Legal Description: Benson Properly 

Descriptive Location: 60' due S of LB-13 

Well Installed? N 

Surface Casing Used? N 

ScreenIPerforations? N 

Sand Pack? N 

Annular Seal? N 



HYDROMETRICS INC. 
Consulting Scientists and Engineers /\El Tacoma, Washington 

Soil Boring Log 

Hole Name: LB-19 
Date Hole Slaned: 9/29/90 Dale Hole finished: 9/29/98 

Client: Asarco 

Project: Everett Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: Bentsen 

Legal Description: Bentsen Property 

Descriptive Location: 20' W of LB-I 1 

Recorded By: JS 

Drilling Company: Hydrometrics (Mobile 8-61) 

Driller: Jim Niederkom 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

WELL COMPLETION YM DESCRIPTION INTERVAL 

Well Installed? N 

Surface Casing Used? N 

ScreenIPerforations? N 

Sand Pack? N 

Annular Seal? N 

Surface Seal? N 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? N 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: Surface Casing Height (R): 

Target Aquifer: Date: Riser Height (A): 

Hole Diameter (in): 8 MP Description: Ground Surface Elevation (R): 

Total Depth Drilled (R): 11.5 MP Height Above or Below Ground (It): MP Elevation (R): 

Remarks: 

!!5 w 2- DRILLING AND 8 
P P m  3 w 

GEOLOGICAL DESCRIPTION 03 GEOTECHNICAL 2 5 5  dS 2 5  
(02 NOTES a a o 

4.0 - 5.5' 3'split spwn used for 

6.0 - 7.5' Switched back to 2' split 
spoon: Duplicate sample taken at 
11:22. m-9809-194 

10.0 - 11.5' 3' spl'rl spwn used. 



Purpose of Hole: Install Monitor Well Static Water Level Below MP: 

Target Aquller: Date: 

Hole Diameter (in): 8 MP Description: 

HYDROMETRICS INC. soil Boring ~ o g  
Consulting Scientists and Engineers Hole Name: LB-20 
Tacoma, Washington  ate Hole Staned: 9 1 2 9 1 ~  Date Hole Finished: 91~9198 

Client: ASarCo 
WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Project: Everett Lowland Investigation 

Surface Casing Height (it): 

Riser Height (R): 

Ground Surface Elevation (fl): 

County: Snohomish State: Washington 

Property Owner: Bentsen 

Legal Description: Bentsen Properly 

Descriptive Lacation: 20's of LB-11 

Recorded By: JS 

Drilling Company: Hydrometries (Mobile B-61) 

Driller: Jim Niederkom 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

. . 

Total Depth Drilled (fl): 11.5 MP Height Above or Below Ground (fl): MP Elevation (It): 

Remarks: 

Well Installed? N 

Surface Casing Used? N 

Screen/Perforations? N 

Sand Pack? N 

Annular Seal? N 

Surlace Seal7 N 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? N 

GEOLOGICAL DESCRIPTION 

d i m  dense. medium 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma, Washington 

Hole Name: EV-15A. 
D=IB H O I ~  Slaned: 91~9198 Date Hde Finished: 9n9198 

Client: Asarw 

Project: Everett Lowland Investigation 

Counly: Snohomish State: Washington 

Property Owner: Bentsen 

Legal Description: Bentsen Property 

Descriptive Location: 5' south of EV-15 B 

Rewrded By: JS 
Drilling Company: Hydrometrics (Mobile 6-61) 

Driller: Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? Y Pinch, flush threaded, Sch 40, PVC +2.24'-12' 

Surface Casing Used? Y Steel Monument +2.41 to -2.59 

ScreenlPerforations? Y Prepack 0.010-inch slot. Sch 40 PVC 7-12' 

Sand Pack? Y 10120 Silica Sand 5'-12' 

Annular Seal? Y Bentonitelcement Grout 2'-5' 

Surface Seal? Y Concrete 0'-2 '  

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Borlng Samples Taken? N 

Pulpose of Hole: Install Monitor Well Static Water Level Below MP: 7.34 Surface Casing Height (11): 2.41 

Target Aquifer: First Water Date: 9i30198 Riser Height (11): 2.24 

Hole Diameter (in): 8 MP Descripuon: Top of PVC Ground Surface Elevation (ft): 

Total Depth Drilled (R): 12 MP Height Above or Below Ground (ft): 2.24 MP Elevation (It): 

Remarks: Cuttings were placed in 55-gallon drums and labeled. See EV-156 for Lithology. 
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GEOLOGICAL DESCRIPTION 

0.0 - 0.0' 
See EV-150 tor Liihalagy. 
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I Surface Seal? : concrete I 
Recorded By: JS 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometrics (Mobile 8-61) 

Well Developed? 
Driller: Jim Niederkorn 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 0-0.5'. 2-3.5'. 3 intervals rt 
Drilling Fluids Used: None 

- 
HYDROMETRICIS IIVL. A Consulting Scientists and Engineers 
Tacoma, Washington 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 9.06 Surface Casing Height (fl): 2.69 

Target Aquifer: Shallow Alluvial Date: 9/30198 Riser Height (fl): 2.44 

Hole Diameter (in): 8 MP Description: Top of PVC Ground Surface Elevation (it): 

Total Depth Drilled (fl): 31.5 MP Height Above or Below Ground (R): 2.44 MP Elevation (ft): 

Remarks: Sampled with a 2' (OD) splil spoon under a 30-inch drop, winch release. 140-pound safety hammer. Cuttings placed in a 55-gallon drum 
and labeled for disposal. 

- 
Monlror v v e ~ l  Log 

Hole Name: EV-158 
Date H O I ~  Staned: 9/29/98 Date Hole finished: 9129198 

HYDROMETRICS INC. A Consulting Scientists and Engineers 
Tacoma, Washington 

Monitor Well Log 

Hole Name: EV-158 
Date H O I ~  Staned: 9/29/98 Date Hole finished: 9129198 

Client: Asarm 

Project: Everen Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: Bentsen 

Legal Description: Bentsen Property 

Descriptive Location: 20 yards south of shed structJre. 

WELL COMPLETION YM DESCRIPTION INTERVAL 

Well Installed? Y Pinch. flush threaded, Sch 40. PVC +2.44-30 

Surface Casing Used? Y Steel Monument +2.69-2.31 

Screen/Perforations? Y Prepack 0.010-inch slot. Sch 40 PVC 23-30' 

Sand Pack? Y 10120 Silica Sand 21'-30' 

Annular Seal? Y Bentonite Grout 1'.2t3 



HYDROMETRICS INC. 
Consulting Scientists and Engineers 

Monltor Well Log 

6 
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; 
3 
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, Tacoma, Washington 
Hole Name: EV-158 

Date Hole Staned 9129198 Date Hole Rnlshed 9/29/98 
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... - .  . . . . . . . . . . . . ...... 
:.:.:. . . . . . . . . . . . . . . . . . 

GEOLOGICAL DESCRIPTION 

2 8 0 - 3 1 5  
SAND 
Gray. wet loose lo medlumdense well soned. and undon 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma. Washington 

Monitor Well ~ o g  

Hole Name: EV-16A 
Oate Hole Slatted: 912919~ Date Hole Rnished ~ ~ 9 1 9 8  
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Client: Asarco 

Project: Everen Lowland Investigation 

County: Snohomish State: Washinglon 

PrOPeq Owner: Bentsen 

Legal Description: Bentsen Property 

Descriptive Location: 100 yds S. 30 ydk W of Shed. 

Recorded By: JS 

Drilling Company: Hydmmetrics (Mobile 8-61) 

Driller: Jim Niederkam 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

- 
WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? Y 2.inch. flush threaded. Sch 40. PVC 4.47'-12' 

Surface Casing Used? Y Steel Monument 2.71'-2.29' 

Screen/PerforaBons? Y Prepack O.OlO-inch slot. Sch 40 PVC 7-12' 

Sand Pack? Y 10120 Silica Sand 5'-12' 

Annular Seal, Y Bentonite Cnips 1'-5' 

Surlace Seal? Y Concrete 0-1' 

DEVELOPMENT/SAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? Y XRF Analysis 0-0.5'. 2-3.5'. 5' intervals 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: Dry Surlace Casing Height (fl): 2.71 

Target Aquifer: Shallow Alluvial Date: 9/30/98 Riser Height (fl): 2.47 

Hole Diameter (in): 8 MP Description: Top af PVC Ground Surface Elevation (It): 

Total Depth Drilled (fl): 16 MP Height Above or Below Ground (fl): 2.47 MP Elevation (fl): 

Remarks: Sampled with a 2' (OD) split spoon under a 30-inch drop, winch release. 140-pound safety hammer. Cuttings placed in a 55-gallon drum 
and labeled for disposal. 

I 
C 
a GEOLOGICAL DESCRIPTION 

0.0.2.0' 
Silty LOAM 
Bmwn, dry. looss. rn ma1 material. trace rubmunded. 114' gravel. 
Fill1 F 

k n $ i ~  
Gray. son, slighlly mail, van/ plaslic, with approximately 20% medium 
grained land: 3' 01 wood sl 11.5 wilh a piece ot glass in (ha silt 
[Fill] 

12.0 - 15.5' 
SILT 
Gray lo bmrn (becorner more gray rilh deom). high organics (wood 
fiben). son plastic, slightly moist lo dry. 
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- 
Purpose of Hole: Install Monitor Well Static Water Level Below MP: 5.79 Surface Casing Height (A): 3.6 

Target Aquifer: First Water Date: 9/25/98 Riser Height (A): 3.1 

Hole Diameter (in): binch MP Description: top of PVC casing Ground Surface Elevation (A): 

Total Depth Drilled (A): 12 MP Height Above or Below Ground (It): 3.1 MP Elevation (ft): 

Remarks: Six feet east of well EV-176. 

HYDROMETRICS INC. Monitor Well Log 

Consulting Scientists and Engineers Hole Name: EV-17A 

WELL COMPLETION Y/N DESCRIPTION 
I 

Pmjeet: Everen Lowland Investigation 

County: Snohomish State: Washington 

Properly Owner: Weyerhauser 
Legal Description: 

Descriptive Location: lowland area adjacent to 
blutf 

Recorded By: BT 

Drilling Company: Hydrometries 

Driller: Jim Neiderkom 

Drilling Method: Hollow Stem Auger 

Drillina fluids Used: None 

Well Inslalled? Y Pinch, flush threaded. Sch 40. PVC +3.1-12' 

Surface Casing Used? Y Steel +3.5 to -1.5 

ScreedPerforations? Y 0.010-inch slot. Sch 40. PVC 7-1 2' 

Sand Pack? Y 10-20 silica sand 5-12' 

Annular Seal? Y Bentonite Chips 0.5-5' 

Surface Seal? Y Concrete 0-0.5 

DEVELOPMENTISAMPLING 

Well Developed? Y pumping 

Water Samples Taken? Y common ions and metals 

Boring Samples Taken? N 



-- WELL COMPLETION Y/N DESCRIPTION INTERVAL 
Project: Everett Lowland Investigation 

Well Installed? Y Pinch. flush threaded. Sch 40. PVC +1.7-23 
County: Snohomish State: Washington 

Surface Casing Used? Y steel +2.2-2.8 
Property Owner: Weyerhauser 

ScreeniPerforations? Y 0.010-inch slot. Sch 40, PVC 18-23 
Legal Description: 

Sand Pack? Y 1C-20 silica sand 14-23' 
Descriptive Location: lowland area adjacent to 
blutf Annular Seal? Y Bentonite Chips 0.5-14 

Surface Seal? 
RecordedBy: BT 

Drilling Company: Hydrometries 
Well Developed? 

Driller: Jim Neiderkom 
Water Samples Taken? Y common ions and metals 

Drilling Memod: Hollow Stem Auger 
Boring Samples Taken? Y spill spoon soil samples submitted for XRF metals analysis 

Drilling Fluids Used: None 

P u w e  of Hole: Install Monitor Well Static Water Level Below MP: 5.57 Surface Casing Height (It): 2.2 

Target Aquifer: Deep Alluvial Date: 9/25/98 Riser Height (It): 1.7 

Hole Diameter (in): $-inch MP Descriplion: top of PVC casing Ground Surface Elevation (n): 
Total Depth Drilled (It): 30 MP Height Above or Below Ground (It): 1.7 MP Elevation (It): 

Remarks 



b- . - 
HYDROMETRICS INC. Monitor Well ~ o g  
Consulting Scientists and Engineers 
Helena. Montana 

Hole Name: EV-178 
Dale Hole Stsned: 9/23/88 Dale Hole Finished: 9/24/98 

Well Construction 1 
Geological Description Diagram 

Hole 

Iry Gravel, grey to b m w ,  mixed lithologies with slag fragments, dry. 

, wilh some brow ainy sand, saturated from 6.04.5'. 

milion to bmwn. well wned fine lo medium sand hom 16.0 to 16.5. wet. 

bmwn. medium grain. well 60178d. wet. 

I 
2 d 
w Sheet 1 01 1 
3 



I A HYDROMETRICS INC. Monitor Well Log 'd I / consulting Scientists and~ngineers I 

I Surlace Seal? ; Concrete 0-0.5 
Recorded By: BT 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometries 

Well Developed? pumping 
Driller: Jim Neiderkorn 

Water Samples Taken? Y common ions and metals 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y split spoon soil samples submined for XRF metals analysis 
Driilino fluids Used: None 

/ 
. ~. - - Helena, Montana Dale Hole Staned: 9,24198 Date Hole Rnishsd: 9/24/98 

* 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 47.37 Surface Casing Height (ll): 

Target Aquifer: Deep Alluvial Date: 9/25/98 Riser Height (tl): -0.34 

Hole Diameter (in): &inch MP Description: top of PVC casing Ground Surlace Elevation (HI: 

Total Depth Drilled (tl): 55 MP Height Above or Below Ground (n): -0.34 MP Elevation (tl): 

me--.&.-. 

Client: ASARCO 

Project: Everen Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: City of Everen 

Legal Description: 

Descriptive Location: 

GEOLOGICAL DESCRIPTION 

20.0 - 31.5'drilling eeris;at 28 feel 

, medium to coarse grain, mderateiy to well sorted, dry. 

, medium grain, well soned, wet. 

WELL COMPLETION Y M  DESCRIPTION INTERVAL 

Well Installed? Y 2-inch, flush threaded, Sch 40, PVC 0-55' 

Surlace Casing Used? Y steel 0-1.5' 

ScreerdPerforations? Y 0.020-inch slot. Sch 40 PVC 45-55' 

Sand Pack? Y 10-20 silica sand 42-55' 

Annular Seal? Y Bentonite Grout 1 4 2  



HYDROMETRICS INC. Monitor Well ~ o g  I & Consulting Scientists and Engineers Hole Name: EV-18 

42.0 
10120 Silica Sand 

Bonorn of Hole 

- 
0.0 

, fiw grain. wall sofled, ary. 

, line to coarse rand, p m d y  roned, dry. 

bmwn, medium grain, well roned, wet. 

.55.0 



HYDROMETRICS INC. 
Consulting Scientists and Engineers /\E7 Tacoma, Washington 

Monitor Well Log 

Hole Name: EV-19 
Date Hole Staned: 9/25/98 Date Hole Rnished: 9/25/98 

5, 
+- 
0 
0 
3 

Client: Asarco 

Project: Everen Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: City of Everen 

Legal Description: Everen Right of Way 

Descriptive Location: 10' South of TB.1 

Recorded By: JS 

Drilling Company: Hydrometries (Mobile 6-61) 

Driller: Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? Y 2-inch. flush threaded, Sch 40. PVC 0.42'-55.0' 

Surface Casing Used? Y Flush Monument 0.0'-3.0' 

Screen/PerforaCons? Y Prepack 0.010-inch slot. Sch 40 PVC 50'-5' 

Sand Pack? Y 10120 Silica Sand 44-55' 

Annular Seal? Y Bentonite Grout 1'44' 

Surface Seal? Y Concrete 0-1' 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? N 

Sheet 1 of 1 

i 
5 0  

i2 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 47.75 Surface Casing Height (It): 0.00 

Target Aquifer: Alluvial Date: 9/28198 Riser Height (It): -0.42 

Hole Diameter (in): 8 MP Description: Top of PVC Ground Surface Elevation (It): 

Total Depth Drilled (It): 55 MP Height Above or Below Ground (ft): -0.42 MP Elevation (R): 

Remarks: Not Sampled See TB.1 for Lithology. Cunings placed in labeled 55-gallon drums. 
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I Surface Seal? ; ~oncrete 0-1' 
Recorded By: JS 

DEVELOPMENTISAMPLING 
Drilling Company: Hydrometries (Mobile 6-61) 

Well Developed? 
Driller: Jim Niedehorn 

Water Samples Taken? N 
Drilling Method: Hollow Stem Auger 

Boring Samples Taken? Y XRF Analysis 0-0.5'. 2-3.5'. 5' intervals 
Drilling Fluids Used: None 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 50.81 Surface Casing Height (It): 2.47 

Target Aquiler: Alluvial Date: 9i30198 Riser Height (R): 2.07 

Hole Diameter (in): 8 MP Description: Top of PVC Ground Surface Elevation (fl): 

Total Depth Drilled (fl): 55 MP Height Above or Below Ground (R): 2.07  levation ti on (fl): 

Remarks: Sampled with a 3' (ID) split spoon under a 30-inch drop, winch release, 300-pound, safety hammer under 'N' rod. Cuttings placed in a 
55-gallon drum and labeled for disposal. Sampled to 50-feet; drilled to 55-feet, did not sample to help prevent heaving sands. 







Project: Everett Lowland Investigation 
Well Insialled? Y Binch, flush threaded. Sch 40. PVC +5.25.0 

County: Snonomish State: Washinglon 
Surface Casing Used? Y Steel Monument 

Property Owoer: Port of Everen 
ScreenIPerforations? Y Prepack 0.010-inch slot, Sch 40 PVC 19-24 

Y 10120 Silica Sand 

Y Bentonite Grout 

Y Concrete 

Driller: Jim Niedehorn 
Water Samples Taken? N 

Drilling Method: Hollow Stem Auger 
Boring Samples Taken? Y XRF Analysis 

Drilling fluids Used: None 

Purpose of Hole: Install Monitor Well 

Target Aquifer: Deep Alluvial Date: Riser Height (ft): 5.0 
Ground Surface Elevation (ft): 

GEOLOGICAL DESCRIPTION 

o bmwn, SIighGy moist. plastic. salt, abvndant vegetativefben. 



- 
HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Helena, Montana 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 18.89 Surface Casing Height (A): 2.35 

Target Aquifer: First Water Date: 9i24198 Riser Height (A): 2.15 

Hole Diameter (in): 8-imh MP Description: top of PVC casing Gmund Surface Elevation (It): 

Total Depm Drilled (A): 20 MP Height Above or Below Ground (tt): 2.15 MP Elevation (It): 

Remarks: well was completed with Timm inslapack well screen containing 20-40 silica sand 

Monitor Well ~ o g  

Hole Name: EV-22A 
Date Hole Slaned: 9122198 Date Hole finished: (VZ2198 

1 Recorded By: BT 

Drilling Company: Hydmmehics 

Driller: Jim Neiderkom 

Drilling Memod: Hollow Stem Auger 

Drilling Fluids Used: None 

Surlace Seal? Y Concrete 00.5 

DEVELOPMENTISAMPLING 

Well Developed? Y pumping 

Water Samples Taken? Y common ions and metals 

Boring Samples Taken? Y split spoon soil samples submined for XRF metals analysis 

Client: ASARCO 

Project: Everett Lowland Investigation 

County: Snohomish Stale: Washington 

Pmperty Owner: City of Everett 

Legal Description: 

Descriptive Location: southwest of PVD 
substation 

WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? Y Binch. flush threaded. Sch 40. PVC +2.15-20 

Surface Casing Used? Y steel +2.35-2.65 

Screen/Perforations? Y 0.01Dinch slot. Sch 40, PVC 15-20 

Sand Pack? Y 1020 silica sand 12.5-20 

Annular Seal? Y Bentonite Chips 1-12.5 



HYDROMETRICS INC. Monitor Well Log 

Consulting Scientists and Engineers 
Helena, Montana 

Hole Name: EV-22A 
Date Hole Starled: 8R2198 Data Hds Finished: 912 

I Well Construction 
I 

Geological Description 
Diagram 
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HYDROMETRICS INC. h Consulting Scientists and Engineers 
Helena, Montana 

Monitor Well Log 

Hole Name: EV-22B 
~~t~ Hole Staned: 9nm Date Hole Rnirhsd: o~ma 

Client: ASARCO 

Projecl: Everett Lowland Investigation 
County: Snohomish Slate: Washington 

Property Owner City of Everett 

Legal Description: 

Descriptive Location: southwest of PUD 
substation 

Recorded By: BT 

Drilling Company: Hydmmetrics 

Driller: Jim Neidehorn 

Drilling Methcd: Hollow Stem Auger 

Drilling Fluids Used: None 

WELL COMPLETION Yn\( DESCRIPTION INTERVAL 
Well Installed? Y >Inch. flush threaded. Sch 40. PVC +2.5-35 

Surface Casing Used? Y steel +2.85-2.15 

ScreenPerforations? Y 0.010-inch slot. Sch 40. PVC 3035 
Sand Pack? Y 10-20 silica sand 27-35 

Annular Seal? Y Bentonite Grout 1-27 

Surface Seal? Y Concrete 0-1 

DEVELOPMENTISAMPLING 

Well Developed? Y pumping 

Water Samples Taken? Y common ions and metals 

Boring Samples Taken? Y split spoon soil samples submined for XRF metals analyds 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 20.02 Surface Casing Height (It): 2.85 

Target Aquifer: Deep Alluvial Date: 9/24/98 Riser Height (It): 2.5 

Hole Diameter (in): &inch MP Description: top of PVC casing Ground Surface Elevation (It): 

Total ~ e p m  Drilled (It): 35 MP Height Above or Below Ground (fi): 2.5 MP Elevation (It): 

Remarks: well was completed with Tirnm instapack well screen containing 2040 silica sand 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Helena, Montana 
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Monitor Well Log 

Hole Name: EV-220 
Dale Hole Staned: 9122198 Data Hde Fltished: 

Well Construction Geological Description 
Diagram 

0.0 
1 .o 

0.0 - 2.0' 
Sand and Silt 
ligM bmm, trace gravel, gravel is subrounded up lo 1 5  bKhes in diamater, dry. 

2.0-5.0' 
Sllly Sand 
&h bmm, more gravel than above, trace of wood and rwtt, dry. 

. . 
.' . -- 
:.: 
: . .. . . , . 
. . 

. . ..: ' 

silly Sand . . 
. , . , medium to &fh bmm, tram gravel. 
.. . .  
..; . . :.. 
. . . 

.. . . ... . . . . . : : :: . . 
. ,:.,: . .  :( . ... .:..::. . . 
.:... . , . . . . . ~. ::. :,.. ..... . . . . .  . . . . ,. 
: . .  .;;.:; 
. . . . . , . ..,... . . . . .  . .... 
:... . . . . .  . . :.: :.. ....: 

- 
. 

. 

8.0- 15.0' 
S.nd 
b k b  and wMa (salt and pepper), medium lo da.h b m m  at 8 f w f  madiim to fins grairmd, wen 
wnd, trace fine gravel, moist. 

: .. . . . . 15.0- 17.0' 
.I_: . . .  

gray, wim rrood Iragmena, damp. 

27.0 
10120 Silica Sand 

30.0 
0.010 Slot Screen 

Banom of Hole 35.0 

:; 
, . 

. 

: 
. - 
' 

. 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma, Washington 

Monitor Well Log 

Hole Name: EV-23A 
Date Hole Stansd: 9,30198 Date Hole Finished: 9130198 

Client: Asarco 

Project: Everett Lowland Investigation 

County: Snohornish State: Washington 

Property Owner: Weyerhaeuser 

Legal Description: Lowland 

Descriptive Location: Under Old Bridge 

Recorded By: JS 

Drilling Company: Hydrometrics (Mobile 6-61) 

Driller: Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

WELL COMPLETION Y/N DESCRIPTION INTERVAL 

Well Installed? Y Pinch, flush threaded. Sch 40. PVC 0.39'-12' 

Surface Casing Used? Y Flush Monument 0.0'-3.0' 

Screen/Perforalions? Y Prepack 0.010-inch slot, Sch 40 PVC 7-12' 

Sand Pack? Y 10120 Silica Sand 5'-12' 

Annular Seal? Y Bentonite Chips 1'-5' 

Surface Seal? Y Concrete 0-1' 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? N 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 11.14 Surface Casing Height (It): 0.00 

Target Aquifer: Shallow Alluvial Date: 9i30198 Riser Height (R): -0.39 

Hole Diameter (in): 8 MP Description: Top of PVC Ground Surface Elevation (It): 

Total Depth Drilled (R): 12 MP Height Above or Below Ground (R): -0.39 MP Elevation (R): 

Remarks: Cuttings were placed in 55-gallon drums and labeled. See EV-236 for Lithology. 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma. Washington 

I I Surface Seal? Y Concrete 0-1' I 

Monitor Well ~ o g  

Hole Name: EV-23B 
Date Hole Slaned: 9130198 Date Hole Finished: 9130198 

Client: Asarm 

Project: Everen Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: Weyerkaeuser 

Legal Description: Lowland 

Descriptive Location: Under Old Bridge 

WELL COMPLETION YM DESCRIPTION INTERVAL 

Well Installed? Y 2-inch. flush threaded. Sch 40. PVC 0.19'-30' 

Surface Casing Used? Y flush Monument 0.0'-3.0' 

ScreenIPerforations? Y Prepack 0.010-inch slot. Sch 40 PVC 29-30' 

Sand Pack? Y lO/ZO Silica Sand 23'-30" 

Annular Seal? Y Bentonite Gmut 1'-23' 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: 7.09 Surface Casing Height (n): 0.00 

Target Aquifer: Alluvial Date: 9i30198 Riser Height (ft): -0.19 

Hole Diameter (in): 8 MP Description: Top of PVC Ground Surface Elevation (ft): 

Total Depth Drilled (ft): 30 MP Height Above or Below Ground (ft): -0.19 MP Elevation (ft): 

Remarks: Sampled with a 2' (OD) split spoon under a 30-inch drop, winch release. 300-pound, safety hammer under 'N' rod. Cuttings placed in a 
55-gallon drum and labeled for disposal. Sampled to 25' for concern for heaving sands. Sands Heaved to hig to set well. Pulled augers, Set tefi0n 
plug redrilled we1 and set well. 

Recorded By: JS 

Drilling Company: Hydromebics (Mobile 6-61] 

Driller: Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? Y XRF Analysis 0-0.5'. 2-3.5'. 5' intervals 
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HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma, Wash~ngton 

M o n l t o r  Well Log 

Hole Name: EV-23B 
Date Hole Stansd 9130198 Date Hole Flnlshed 9130198 

$ 
4 u 
0 

W 

30 

35 

40 

45 

50 

55 

- 
-60 

-65 

GEOLOGICAL DESCRIPTION 

a 
sheet 2 01 2 

> 
u 
W- 

u 
050 

(Continued) 

DRILLING AND 
GEOTECHNICAL 

NOTES 
250-  26 5 

30 

35- 

40- 

45- 

50- 

55- 

€3- 

65- 

YE sm 
$1 

Em9809 181 

W 
A W  

$2 
U, 

SS 

3 

gg  
3 3 3  



Well Installed? Y 2-inch. flush threaded. Sch 40. PVC 5.0'-25' 
County: Snohomish State: Washington 

Surface Casing Used? Y Steel Monument 
Properly Owner: Porl of Everen 

Screen/Perforations? Y Prepack 0.010.inch slot. Sch 40 PVC 20'-25' 
Legal Description: Porl of Everetl Y 10120 Silica Sand 

Y Bentonite Grout 

Y Concrete 

Driller: Jim Niederkom 

Drilling Method: Hollow Stem Auger 

Drilling Fluids Used: None 

Purpose of Hole: Install Monitor Well 

Target Aquifer: Deep Allwial 

Hole Diameter (in): 8 MP Description: Ground Surface Elevation (R): 

2.0 - 3.5' Water ATD 3'. 

'1. grains, medium to coanegrained, mout lo vet, medium 
nded to subangular grains. slight odor may be permleum 

10.0 - 11 .S Duplicate rample [Suficial Deposits] 
MW-107D-SD B 14:22 

15.0 - 16.5' Heaving Sand 

20.0.21.5' Heaving Sand 



HYDROMETRICS INC. 
Consulting Scientists and Engineers 
Tacoma, Washington 

Purpose of Hole: Install Monitor Well Static Water Level Below MP: Surface Casing Height (ft): 5.1' 

Target Aquifer: Deep Alluvial Date: Riser Height (ft): 5.0 

Hole Diameter (in): 8 MP Description: Ground Surface Elevation (ft): 

Total Depth Drilled (ft): 25 MP Height Above or Below Ground (ft): MP Elevation (ft): 

Remarks: Drilled with a Movile Drill 6-61 using 4.114' (ID) Hollow Stern Auger; Sampled with a 2' (OD) splid spoon under a 1401b. 30' drop, winch 
release Safety hammer on 'A' rod. Samples submined to Hydrometrics Ruston XRF lab for metals analysis. Curtings placed in 55 gallon drums for 
disposal by me Grandview Residence Council. 

Monitor Welt ~ o g  

Hole Name: MW-1 O9D 
Date Hole Slaned: 2/3/99 Date Hole Finished: 2/4/99 

Recorded By: JS 

Drilling Company: Hydrometrics (Mobile 6-61) 

Driller: Jim Niederkorn 

Drilling Method: Hollow Stem Auger 

Drilling fluids Used: None 

Surface Seal? Y Concrete 0-2' 

DEVELOPMENTISAMPLING 

Well Developed? N 

Water Samples Taken? N 

Boring Samples Taken? Y XRF Analysis 0.0. 0.5'. 2-3.5'. and 5' int 

Client: Asarco 

Project: Everen Lowland Investigation 

County: Snohomish State: Washington 

Property Owner: Port of Everen 

Legal Description: Former Whsr site near storage 

Descriptive Location: 100' North of Shed entrance; 

WELL COMPLETION YM DESCRIPTION INTERVAL 

Well Installed? Y Binch. flush threaded. Sch 40. PVC +5.0-25.0 

Surface Casing Used? Y Steel Monument +5.1-2.9 

Screen/Perforations? Y Prepack 0.010-inch slot. Sch 40 PVC 2025' 
3hed 

Sand Pack? Y 10120 Silica Sand 20'-25' 
10 on access road. 

Annular Seal? Y Bentonite Grout 2.012.0' 
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SUMMARY 

A total of 165 soil samples were collected for the Everett Lowland Investigation during August 

through September 1998 (1 18 samples), and February 1999 (47 samples). These samples have 

been analyzed in the Hydrometrics' Ruston Laboratory using X-ray fluorescence (XRF) for the 

following parameters: arsenic, cadmium, chromium, copper, lead, and zinc. The data set has 

been reviewed using Hydrometrics' in-house 'AutoVal' software. The samples reviewed in this 

report were analyzed using a fundamental parameters calibration of the XRF instmment. Data 

quality objectives were met for precision, accuracy, and completeness for the XRF analysis; this 

information is summarized in Section 9. 

Arsenic leachability tests were conducted on slag samples from three sites (LB-16, LB-17, and 

LB-18) at Asarco's Technical Services Center laboratory in Salt Lake City, Utah. These samples 

were treated with a modified SPLP procedure at different pH values. The pH values'were 

measured in the final leachates; these were also analyzed for total arsenic by the ICP method 

6010. The validation of data for these samples is discussed in Section 10. 

The accuracy of the XRF analyses was confirmed by wet chemistry analysis of confirmation 

samples at a required frequency of at least 1 in 50. A total of seven XRF confirmation samples 

were analyzed at Asarco's Technical Services Center laboratory. The confirmation sample data 

validation and a comparison to XRF data has been included in this report as Section 11. 

Data validation codes and definitions are listed in Appendix 1, Table 1. Appendix 1 also - 
. - 

contains Table 2 (Summary of Flagged Data). The validated sample database is in Appendix 2. 
. ~. 

supporting documentation is in Appendix 3, and the regression statistics for the confirmation 

samples are included as Appendix 4. 



Quality control violations: 
XRF Analyses. Approximately 8 percent (82 out of 990) of all XRF measurements were flagged 

due to exceedances on 11 of the 90 field duplicate measurements. 

2 exceedances for arsenic field duplicates resulted in a total of 19 flags. 

2 exceedances for chromium field duplicates resulted in a total of 14 flags. 

2 exceedances for copper field duplicates resulted in a total of 11 flags. . 4 exceedances for lead field duplicates resulted in a total of 32 flags. . 1 exceedance for zinc field duplicates resulted in a total of 6 flags. 

Wet Chemistry Analyses. There were no quality control violations associated with the samples 
analyzed using traditional wet chemistry techniques. 

The Everett Lowland Investigation soil data are considered to be acceptable for project purposes 

provided that the flagged data are considered with appropriate caution. In using the flagged data. 

care should be taken to note possible lack of reproducibility indicated by the flags. 

DATA VALIDATION REPORT 

Prepared by: Clare Bridge 
Reviewed by: Linda Tangen 



DATA VALIDATION REPORT 

1. INTRODUCTION 

This validation applies to the XRF analysis for 165 soil samples submitted for the 
Everett Lowland Investigation. In addition to regular samples analyzed by XRF 
procedures, the total number of samples included 15 field duplicates also analyzed by 
XRF. 

This validation also applies to the following samples that were analyzed using 
traditional wet chemistry methods: 

Seven soil sample splits were submitted as confirmation samples. These 
samples were analyzed by traditional wet chemistry methods, and were used 
as a check on the accuracy of the XRF results. The validation of the 
confirmation samples is discussed in Section 11, along with a comparison to 
the XRF results. . Thirty-four split samples were handled in accordance with a modified version 
of the EPA's method 1312 (Synthetic Precipitation Leaching Procedure - 
SPLP). The samples were then analyzed by ICP. The validation of the SPLP 
results is discussed in Section 10. 

Validation procedures used are generally consistent with: 
(Check all that apply) 

X EPA National Functional Guidelines for Inorganic Data Review - 
X Work Plan: 1998 Supplemental Remedial Investigation for the Lowland - 

Area Everett Smelter Site. Everett. Washington. June 1998. 
- Other 

Overall level of validation: 
- Contract Laboratory Program (CLP) 

X Standard - See Notes. - 
- Visual 

X XRF Auto-Validation using in house Auto Val program - 
Notes: Originally the ~ v e r e t t ~ o w l a n d s  Investigation was undertaken as'a 
CLP project. Subsequently, the CLP requirement was dropped with approval 
from Ecology. The validation consisted of the following: The frequency and 
values were checked for both field and laboratory quality control samples. 
Results were not verified in the raw data. Non-QC sample results were flagged 
for any quality control exceedances. Data quality objectives for precision, 
accuracy, and completeness were evaluated as required by the project work 
plan. 



All laboratory document deliverables were present as specified in the CLP-Statement 
of Work (CLP-SOW), EPA, 1993 andlor the project contract. 

X Yes - 
- No 

All documentation of field procedures was provided as required. 
X Yes - 
- No 

Field duplicates 
Field duplicates have been collected at the proper frequency. 

X Yes - 
- No 

Field duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 35% or less for soil matrix). If the sample or duplicate 
result is less than 5 times the PRDL, the RPD criteria are not used. In these 
cases. the difference between the s a m ~ l e  and the du~licate results must be 
within i 2 times the PRDL for soil matrix. 
- Yes 

X No - 
The following field duplicate exceedances occurred for the XRF samples 
validated in this report: 

Notes: A total of 82 results were flagged because the associated field 
duplicates were out of control limits. These flags indicate possible lack of 
reproducibility due to the combined effects of variations in field sampling 
techniques, sample preparation, and laboratory analytical procedures. 
Flagging: JJ UJ4 



Laboratory procedures followed 
X CLP-SOW - 
X SW-846 - 
- Standard Methods for Chemical Analysis of Water and Wastes 

X XRF Standard Operating Procedures - 
- Other 

Holding times met 
X Yes - 
- No 

Analyses were carried out as requested. 
X Yes - 
- No 

5. XRF DETECTION LIMITS 

The following table lists the XRF laboratory reporting levels. 

Instrument detection limits (IDLs) were provided by the laboratories. 
X Yes - 

No - 

6. XRF CALIBRATION AND CALIBRATION VERIFICATIONS 

Instrument calibrations 
All initial instrument calibrations were performed as specified in the XRF 
Standard Operating Procedures. 

X Yes - 
- No 

Calibration verifications 
The continuing calibration verification (CCV) standards were analyzed at the 
required frequency. 

X Yes - 
- No 



The CCV standard percent recovery results were within the required control 
limits (75-125%). 

X Yes -- Source: NIST 271 1 - 
- No 

7. XRE LABORATORY DUPL~CATES 

Laboratory duplicate samples were analyzed at the proper frequency. 
X Yes - 
- No 

The laboratory duplicate relative percent differences (WDs) were within the required 
control limits ( W D  of 35% or less for soil matrix). If the sample or duplicate result is 
less than 5 times the PRDL, the W D  criteria are not used. In these cases, the 
difference between the sample and the duplicate results must be within 52 times the 
PRDL for soil matrix. 

X Yes - 
- No 

8. XRF LABORATORY CONTROL SAMPLES 

The reference material used was of the correct matrix and concentration. 
X Yes - Source: NIST 27 11 - 
- No 

Laboratory control sampres (LCSs) were prepared in the same way as the associated 
samples. 

X Yes - 
- No 

LCSs were prepared and analyzed at the proper frequency 
X Yes - 
- 2 ." 
Notes: The 'Autoval' program listed a missing LCS for all analytes but - 
cadmium. However, with the fundamental parameters calibration, the same 
standard is used for both the LCS and the CCV. Inspection of the laboratory 
analysis log revealed that on 8/31/98, the initial standard was labelled a CCV 
for all analytes but cadmium. 

LCS recoveries were within the required control limits (75-125% for arsenic and lead). 
X Yes - 
- No 



9. XRF DATA QUALITY  OBJECT^ 

Accuracy 
The accuracy of the data is indicated by the laboratov's ability to recover a known 
concentration of an analyte. For the data e;aluated in this report, accuracy can be measured 
by percent recovery on laboratory standards, the CCVs and the LCSs. A11 of the quality 
control samples were within control limits; mean recoveries are shown in the following 
table. 

Precision 
The precision of the data is indicated by the reproducibility of the results as indicated by 
laboratory and field duplicate samples. All of the laboratory duplicates and 93% (28 out of 
30) of the field duplicates were within control limits. 

. The following table shows the percentage of duplicates that were within control limits 
broken down by parameter. 

11 Analyte I % of Field ~upl- Duplicates in 1 

* With the fundamental parameters calibration, the same standard is used for both the 
LCS and the CCV. Inspection of the laboratory analysis log revealed that on 8/31/98, 
the initial standard was labeled a CCV for all analytes but cadmium. The CCV count 
for cadmium was therefore one less than for the other analytes. 



Com~leteness 

All of the laboratory quality control samples were within control limits. Completeness by - .  
individual parameter is listed in the following table. 

Overall completeness expressed as the percent of results not rejected: ........... 100%. 
Overall completeness expressed as the percent of results without EPA flags: ... 95%. 

10. SpLp ANALYSES 

Modified SPLP treatment t o  determine availability of arsenic: 
At three sites (LB16, LB17, LB18), samples were taken at two depths Total arsenic 
was measured, and then modified SPLP leaching tests were performed on the six 
samples. The samples were tested using a de-ionized or distilled water leach; then the 
samples were leached using a carbonate-buffered alkaline water leach at three different 
pH values (pH 7, 9, and 11). These samples were not to be crushed. Finally, each of 
the leach tests for samples from one site (LB-17) was repeated. this time crushing the 

a 
sample as described in method 1312. In all, six samples were processed using a 
normal metals digestion, and twenty-eight samples were processed using the modified 
synthetic precipitation leaching procedure. These twenty-eight samples were then 
analyzed for pH and for total arsenic using the ICP 6010 method using a reporting 

-. 
limit of 0.1 ppm. ... . - 
No QC violations or omissions were found for the SPLP samples. These analyses were 
not carried out using CLP protocols. Results were therefore not verified in the raw 
data. The following laboratory QC samples for the ICP analysis of total arsenic were 
checked and were found to be within control limits. 

2 laboratory duplicates (both with a difference less than + 2 times the PQL); 

2 laboratory matrix spikes (105%, 105%); 

2 laboratory control samples (105%. 106%); 

2 laboratory preparation blanks (both less than the PQL of 0.10 ppm). 



Introduction 
This validation applies to wet chemistry analysis of arsenic, cadmium, chromium, 
copper, lead, and zinc for 7 splits of XRF soil samples collected for the Everett Low- 
lands Investigation during August through September 1998 (5 samples); and February 
1999 (2 samples). The purpose of these confirmation samples is to compare analytical 
results obtained by the XRF instrument with analytical results obtained from traditional 
wet chemistry soil analysis techniques to see if one set of results is biased with respect to 
the other. The confirmation samples were analyzed by Asarco's Technical Services 
Laboratory in Salt Lake City, Utah in laboratory batch 98-258. 

The values of the laboratory quality control samples were checked, but were not verified 
in the raw data. 

Detection Limits 
All analyses were done by the ICP method 6010. The following table lists the labora- 
tory's reporting levels and the instrument detection limits. 

-. . - . Calibration Verifications 
The ICV and CCV standards were analyzed at appropriate concentration-s (the 
ICV may be at any value in thecalibration range; the CCV is to be midrange, 
and at a different concentration than the ICV). 

X Yes - 
- No 

The ICV and CCV standard percent recovery results were within the required 
control limits (90-1 10%). 

X Yes - 
- No 



Laboratory CRDL Standards 
The CRDL standards were analyzed at the frequency required in the CLP-SOW (EPA, 

1995). 
X Yes - 
- No 

The CRDL standards were analyzed at a concentration which demonstrates instrument 
linearity of response near the reporting level. 

X Yes - 
- No 

. Laboratory Blanks 
Please note that the highest blank value associated with any particular analyte is the 
blank value used for the flagging process. 

The ICB and CCB results were within the required control limits. 
X Yes - 
- No 

Preparation blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

X Yes - 
- No 

All the analytes in the preparation blank were less than the CRDL (or the 
PRDL if a project detection limit has been specified). 

X Yes - 
- N o  

Laboratory Matrix Spikes 
A matrix spike sample (predigestion) was analyzed for each digestion batch andlot 
matrix, or as required in the CLP-SOW.. .... 

X Yes - 
. - No 

Samples were spiked at appropriate levels. 
X Yes - 
- No 

Matrix spike recoveries were within the required control limits (75-125%). 
X Yes - 
- No 



- Laboratory Duplicates 
Laboratory duplicate samples were analyzed at the proper frequency. 

X Yes - 
- No 

The laboratory duplicate relative percent differences (RPDs) were within the required 
control limits (35% or less for soil matrix). If the sample or duplicate result is less than 5 
times the PRDL, the RPD criteria are not used. In these cases, the difference between 
the sample and the duplicate results must be within i the PRDL for water matrix, within 
-c 2 times the PRDL for soil matrix. 

X Yes - 
- No 

Laboratory Control Samples 
LCSs were prepared and analyzed at the proper frequency. 

X Yes - 
- No 

LCS recoveries were within the required control limits. 
X Yes - 
- No 

. ICP Quality Control 
Results on the initial and final Interference Check Samples (ICSs) were within control 

limits. 
X Yes - 
- No 

-- 
% _  - 

Serial dilution samples have been analyzed at the proper frequency and the percent 
difference criteria have been met (+10%)fbr analyte concentrations greater than 20 times 
the CRDL. 

X Yes , - 
- No 



. Data quality objectives 
Accuracy is a measure of the laboratory's ability to recover a known true value of 
analyte. Here, accuracy has been evaluated by performance on the laboratory control 
standard (LCS) and on the laboratory matrix spike. 

Accuracy As Demonstrated by Laboratory Control Sample Analyses 1 

Accuracy As Demonstrated by Laboratory Matrix Spike Analyses 

I Parameter I Method I % Recovery 1 #of Matrix I 

* The sample concentration exceeded the spike concentration by more than a 
factor of four, so (following accepted laboratory procedures) the spike 
recovery was not calculated. 

Precision is a measure of the reproducibility of results. Precision is evaluated by 
performance on the laboratory duplicate samples. -- ... . - 

Precision As Demonstrated By Laboratory Duplicate Analyses 

~ o m ~ l e t e n e s s  
Completeness expressed as the percent of results not rejected: 100% 
Completeness expressed as the percent of results without EPA flags: 100% 



Data Comparison (XRF Data and HF Digest Data) 
XRF results have been compared to corresponding wet chemistry results (using a 
hydrofluoric acid digestion to prepare the soil samples). As required in the project work 
plan, the following statistical methods were used for the comparison: 

calculation of the relative percent difference; 
calculation of recovery rates; . regression analysis with 95% confidence bands Miller (1992). 

The source information generated for these comparisons, regression graphs, and an 
outlier and completeness evaluation, are in Appendix 2. 

Relative Percent Difference: . 
The data pairs (XRF vs wet chemistry) have been compared using the following 
criteria: relative percent difference (RPD) values were calculated for samples 
with concentrations greater than 5 times the PRDL. A control limit of 35% RPD 
was used for the comparison. If either the XRF or wet chemistry result is less 
than 5 times the PRDL, the RPD criteria are not used. In these cases, the 
difference between the XRF and wet chemistry result should be within * 2 times 
the PRDL for soil matrix. These criteria are typically used for the comparison 
of laboratory duplicates. The RPDPRDL duplicate criteria are used here to 
evaluate the agreement of the XRF confirmation sample data pairs relative to 
generally accepted control limits; however, no data are qualified as a result of 
the comparison (summarized in the following table). 



Recovery rate: 
Recovery rate (percent) is calculated as (XRF value1HF digest value) x 100. 
To determine whether one analytical method consistently gives higher or lower 
concentrations than the other, the frequency of recoveries which are >loo% 
(XRF result higher than wet chemistry result) is compared to those which are 
4 0 0 %  (XRF result lower than wet chemistry result). 

The following table describes the recoveries for arsenic, cadmium, and 
chromium: 

Analyte 

Arsenic 100% IOOto 161% 
Cadmium 100% 100% 
Chromium 121 to 193% 

The following graph presents the recovery rate distribution for arsenic, cadmium, and 
chromium. 

Recowry Range 
. .. 

Shaded area represents "ideal" range. 



a The following table describes the recoveries for copper, lead, and zinc: 

Analyte % XRF Results Equal to or Recovery 
Greater than Wet Chemistrv 

95 10 160% 
83 10 145% 

Zinc 43% 46 to 429% 

The following graph presents the recovery rate distribution for copper, lead, and zinc. 

Recovery Range 

Shaded area represents "ideal" range. 



Regression analysis: 

Although the data set consisted of only seven samples, a regression analysis was carried out 

in accordance with work plan requirements. In considering the results, however, it is 

important to keep in mind that regression analysis is a statistical method; the greater the 

number of samples, the better the statistical model will reflect the real world. Generally 

speaking, unless the site has been well-characterized for the analyte of interest using a 

matrix-specific calibration which can account for site-specific matrix interferences, results 

of any regression analysis canied out on sample sets less than ten should not be used alone 

as a basis for decision-making. They can, however, give valuable information, especially 

when used in conjunction with the other comparison methods which have been used here 

(relative percent differences and recovery rates). 

The R-value determines the strength of the association between variables. 
Perfect correlation between variables (i.e. perfect agreement between XRF and 
wet chemistry concentrations) would be indicated by an R-value of 1.0. 

The slope of the regression line should be near one for methods giving similar 
results. and may show if a systematic error in calibration plots has occurred 
during analysis. 

The Y-intercept should be near zero for methods giving similar results, and 
0 

- - 
may show if a systematic error has been introduced by background 
interference, whether it be absorption or fluorescence factors. 

Note: As all cadmium results were below the reporting detection limit for both 
analysis methods, it was not possible to run a regression line for cadmium. ... -- . . -- 



Arsenic Regression: R = 0.997 

. . 

The R-value is very close to one, showing a high correlation between 
the two analysis methods. 

Slope 

Upper 95%: 1.26 
Value: 1.15 
Lower 95%: 1.05 

The value of the slope is close to one, showing little evidence of 
systematic error due to calibration. 

y - Intercept 

Upper 95%: 13.75 
Value: 4.55 
Lower 95%: -4.66 

The y-intercept is close to zero; and the 95% confidence limits for the 
y-intercept encompass the ideal value of zero, with a spread biased 
slightly in the positive direction. This shows that any systematic 
error introduced by background interference is slight. 

This information and further inspection of the scatter plot of the data 
(Appendix 2) indicate that arsenic results from the two different analysis 
methods are in excellent agreement over the concentration range of the samples 
measured (<I0 to 228 m a g ) .  

0 

0 200 400 600 800 1000 1200 1400 -- - . .- 

TSC-SLC HF DIGEST (MGIKG) 

. . 

RUSTON 1:l Ratio L95% CI 
. . . . U95% CI -Linear (RUSTON) 



Chromium Regression: R = 0.872 

. The R-value is not very close to one, but still shows some correlation 
between the two analysis methods. 

. The value of the slope is close to one, but with extremely wide 95% 
confidence bands. This shows evidence of significant random error, 
probably a combined effect of the following two factors: 

The sample set contained fewer than ten samples. . The analysis was done using a fundamental parameters 
calibration, which may not have accounted for matrix 
interferences specific to the site. 

The y-intercept is-not close to zero; and although the 95% confidence 
limits for the y-intercept encompass the ideal value of zero, the 
spread is very wide and biased in the positive direction. This shows 
the presence of systematic error and lack of precision introduced by 
background interference. 

0 200 400 600 800 1000 1200 1400 
TSC-SLC HF DIGEST (MGIKG) 

RUSTON 1:l Ratio L95% CI 
.... U95% CI -Linear (RUSTON) 

This information, further inspection of the scatter plot of the data 
(Appendix 2). and consideration of the recovery rates indicate that chromium 
results from the XRF analysis are biased high with respect to the wet 
chemistry results. 



Copper Regression: R = 0.977 

. The R-value is close to one, showing a high correlation between the 
two analysis methods. 

. The value of the slope is close to one, but with wide 95% confidence 
bands. This shows evidence of significant random error, probably a 
combined effect of the following two factors: 

The sample set contained fewer than ten samples. 
The analysis was done using a fundamental parameters 
calibration, which may not have accounted for matrix 
interferences specific to the site. . The y-intercept is fairly close to zero; however, the 95% confidence 

limits for the y-intercept do not encompass the ideal value of zero, 
and the spread is fairly large and biased in the negative direction. 
This is evidence of some systematic error and lack of precision 
introduced by background interference 

0 200 400 600 800 1000 1200 1400 

TSGSLC HF DIGEST (MGIKG) 

RUSTON 1:l Ratio L95% CI 
-. - U95% CI -Linear (RUSTON) 

This information and funher inspection of the scatter plot of the data 
(Appendix 2) indicate that copper results from the XRF analysis are generally 
biased high with respect to the wet chemistry results. 



Lead Regression: R = 0.995 

The R-value is very close to one, showing a high correlation between 
the two analysis methods. 

The value of the slope is fairly close to one, but the 95% confidence 
intervals do not encompass the ideal value of one. This is probably 
due to systematic error, a combined effect of the following two 
factors: . The sample set contained fewer than ten samples. . The analysis was done using a fundamental parameters 

calibration, which may not have accounted for matrix 
interferences specific to the site. 

The y-intercept is fairly close to zero; and the 95% confidence limits 
for the y-intercept encompass the ideal value of zero. The spread, 
however, is biased in the negative direction. This shows that some 
systematic error may have been introduced by background inter- 
ference. 

TSC-SLC HF DIGEST (MGIKG) 

I + RUSTON 1:1 Ratio L95% CI 
I - - - - .  U95% CI L i n e a r  (RUSTON) I 

This information and further inspection of the scatter plot of the' data 
(Appendix 2) indicate that lead results from the two different analysis methods 
are in excellent agreement over the concentration range of the samples 
measured (<I0 to 500 mgkg). 



Zinc Regression: R = 0.991 

The R-value is fairly close to one, showing a strong correlation 
between the two analysis methods. 

The value of the slope is fairly close to one, but the 95% confidence 
intervals do not encompass the ideal value of one. This is probably 
due to systematic error, a combined effect of the following two 
factors: 

The sample set contained fewer than ten samples. 

The analysis was done using a fundamental parameters 
calibration, which may not have accounted for matrix 
interferences specific to the site. 

The y-intercept is not close to zero; and although the 95% confidence 
limits for the y-intercept do encompass the ideal value of zero, the 
spread is large and is biased in the negative direction. This shows 
that systematic error at all levels and lack of precision at low levels 
has been introduced by background interference. 

Slope 

Upper 95%: 1.47 
Value: 1.28 
Lower 95%: 1.09 

0 
0 2w 4M) 600 800 loo0 1200 1400 

TSCSLC HF DIGEST (MGIKG) 

RUSTON 1:l Rat10 --.-. L95OA CI 
. . U95% CI -Linear (RUSTON) I 

y - Intercept 

Upper95%: 38.1 
Value: -40.9 
Lower 95%: -120 

This infomlation and further inspection of the scatter plot of the data 
(Appendix 2) indicate that although there is a correlation between the zinc 
results from the two different analysis methods, precision is poor at 
concentrations below 200 mgkg. 
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APPENDIX 1 

Tables 



TABLE 1. 

DATA VALIDATION CODES AND DEFINITIONS 

J The associated numerical value is an estimated quantity because quality 
control criteria were not met. 

Subscripts for the "1" qualifier: 

2 - Calibration range exceeded or significant deviation from known value. 
Possible bias. 

3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 
5 - Quality control sample was omitted. (Not an EPA code.) 

UJ - The material was analyzed for, but was not detected above the associated 
value. 

1 Blank contamination. Indicates possible high bias andlor false positive. 
2 - Calibration range exceeded or significant deviation from known value. 

Possible bias. 
3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 
5 - Quality control sample was omitted. (Not an EPA code.) 

-- ... . -- 
R - Quality control indicates that the data are unusable (compound may or may not 

be present). Resampling andlor reanalysis is necessary for verification. 
- 

A - Anomalous data. No apparent explanation for discrepancy in data. (Not an 
EPA code.) 



Table 2. Summary o l h g g r d  Data 
E v m t t  Lowhnb lnvatigatiog Soll Data 

(All volus in mgjkg.) 

Date Parameter 
09/24/98 ARSENIC (ASKTOT) 

LEAD (PB)CTOT) 

Rault  Flagginp Reason for Flag 
c 10.0 UJ4 Ficld duplicate RPD=60% 

27.0 14 Field duplicatc RPk40% 

Site Sample No Lab No 
EV-198 EVT-9809-122 98R-02598 

Field duplicatc RPD=60% 
Ficld duplicate RPD=40% 

0904198 ARSENIC (ASICTOT) 
LEAD (PB)TTOT) 

09R4198 ARSENIC (AS)CCOT) 
LEAD (PB)CrOT) 

Field duplicate RPDS609c 
Field duplicate RPDd05b 

WR4/98 ARSENIC (AS)(TOT) 
LEAD (PB)CTOr) 

Ficld duplicate R P M %  
Ficld duplicatc RPDdO% 

09fl4/98 ARSENIC (ASICTOT) 
LEAD (PB)(TOT) 

Field dupl~cate R P W %  
Rcld dupbcatc RPD=40% 

c 10.0 U14 Fieid duplicate R P W %  
11.0 14 Field duplicate RPD-40% 

WR4i98 ARSENIC (AS)CTOT) 
LEAD (PB)TTOT) 

09/24/98 ARSENIC (AS)CTOT) 
LEAD (PB)CTOT) 

< 10.0 U14 Ficld duplicatc R P M  
< 10.0 UJ4 Rcld duplicatc RPD=40% 

c 10.0 U14 Ficld duplicatc RPD=60% 
< 10.0 UJ4 Field duplicate RPD=40% 

09,24198 ARSENIC (AS)(TOn 
LEAD (PB)CTOT) 

wn408 ARSENIC (AS)(TOT) 
LEAD (PB)CTOT) 

c 10.0 U14 Ficld duplicatc RPD=60% 
13.0 14 Ficld duplicate RPD=40% 

w n 4 m  ARSENIC ~AS)(TOT) 
LEAD (PB)CTOT) 

< 10.0 UJ4 Field duplicatc RPD=60% 
c 10.0 UJ4 Ficld duplicate RPD.404. 

09R4198 ARSENIC (ASICTOT) 
LEAD (PB)CIUT) 

c 10.0 UJ4 Field duplicate RPD=60% 
< 10.0 U14 Field duplicate RPD-40% 

09R4198 ARSENIC (AS)CTOT) 
LEAD (PB)(TOT) 

1686.0 14 Field duplicatc R P M %  
2679.0 14 Field duplicatc RPD-40% -- 

-. . -- 
15.0 14 Field duplicate difimncc >+ 20 

50.0 14 Ficld duplicate differcnci >+ 20 . 

32.0 14 Field duplicatc difference >t 20 

c 10.0 U14 Field duplicate diffemncc >f 20 

43.0 14 Field duplicatc diffemcc >+ 20 

Om8/99 LEAD (PBIWT) 74.0 14 Field duplicate diffucncc >t 20 

02/08/99 LEAD (PB)CTOT) 17.0 14 Field duplicate difference >t 20 

02/08/99 LEAD (PB)CTOT) c 10.0 UJ4 Rcld duplimc difference >t 20 

c 10.0 U14 Ficld duplicate diff-ce >t 20 

09/30/98 COPPER (CU)CTOT) 
LEAD (PB)(TOT) 

105.0 14 Field duplicate RPD=73% 
199.0 14 Field duplicatc RPD=39% 

09nOB8 COPPER (CWVOT) 
LEAD PB)VOT) 

143.0 14 Field duplicxe RPD=73% 
358.0 14 Field duplicate RPD=39% 



Table 2. Summnry of Flagged Datn 
Everell Lorshndc invatigation, Sail Dstn 

(All valua in mgkg.) 

Site Sample No Iab No Date P a m r t c r  R m l l  Ragging Rearon lor Rag 

EV-23B EVT-9809-177 98R-02637 09/30198 COPPER (CU)(TOT) 
LEAD (PB)(TOT) 

110.0 J4 Field duplicate RPD=73% 
199.0 I4 Field duplicate RPD=39% 

EV43B M-9809-182 98R-02672 09i30/98 COPPER (CU)(TOT) 
LEAD (PB)(TOT) 

Field duplicate RPD=73% 
Field duplicate RPD=39% 

EV-23B EVT-9809-183 98R-02673 09/30/98 COPPER (CU)CTOT) 
LEAD (PB)(TOT) 

Fteld duplicate RPD=73% 
F~eld duplicate RPD=39% 

LB-l l EVT-9808-500 98R-02319 08/25/98 CHROMIUM (CR)(TOT) 
COPPER (CU)(TOT) 

Field duplicatc RPD45% 
Field duplicate difference >t 20 

W D  (PBHTOT) 
ZINC O C T O T )  

Reld dupltcate d i f f m c c  >t 20 
Reld duphcatc b f f m c e  >t 20 

LB-I1 EVT-9808-501 98R-02320 O W 8  CHROMIUM (CR)(TOTj 
COPPER (CU)(TOT) 
LEAD PB)(TOT) 
ZINC (ZN)(TOT) 

LB-ll . M-9808-502 98R-02322 08/25/98 CHROMIUM ( C R ) O  
COPPER ~CU)(TOT) 
LEAD (PB)(TOT) 
ZWC O ( T 0 T )  

LB-I1 EVT-9808-503 98R-02323 08/25/98 CHROMIUM (CR)(TOT) 
COPPER (CU)(TOT) 
LEAD PB)(TOT) 
ZWC mmn 

LB-I1 EVT-9808-504 98R-02324 08/25/98 CHROMIUM ( C R ) m  
COPPER (CU)rnOT) 

Field duplicate RPD45% 
Field duplicatc difference >t 20 
Field duplicate diffuwce >t 20 
Field duplicate difference >t 20 

Field duplicate RPD-4546 
Field duplicate diffuwce >t 20 
Field duplicate diffuwce >r 20 
Field duplicate difference >t 20 

Field duplicatc RPD==5% 
Field duplicate difference >t 20 
Ficld duplicatc diffuwce >t 20 
Field duplicatc difference >t 20 

Field duplicatc RPD=45% 
Field duplicate difference >t 20 
Field duplicatc difference >t 20 
Field duplicate difference =-= 20 

- . - Ecld duplicate RPD=45% 
Ficld duplicate diff&nce >t 20 
=eld duplicatc d i f f u w c e . ~  20 . 
Field duplicate diflemcc >t 20 

LB-I I M-9808305  98R-02321 08/25/98 CHROMIUM (CR)(TOT) 
COPPER (CU)(TOT) 
LEAD (PB)(TOT) 
ZINC ( Z N ~ ~ T )  

LB-19 EVT-9809-190 98R-02661 09/29/98 ARSENIC ( A S W T )  Field duplicate RPD=73% 

LB-19 EVT-9809-191 9811-02662 09/29/98 ARSENIC (AS)(TOT) Field duplicate RPD=73% 

09/29/98 ARSENIC (ASHTOT) 

09/29/98 ARSENIC (ASHTOT) 

09/29/98 ARSENIC ( A S W T )  

09/29/98 ARSENIC (AS)(TOT) 

09n9198 ARSENIC (AS)(TOr) 

02/03/99 CHROMIUM ( C R ) O  

02/03/99 CHROMIUM (CR)(TOT) 

OM3199 CHROMIUM (CR)CTOT) 

Field duplicate RPD=73% 

Field duplicatc RPD=73% 

Field duplicate RPD=73% 

F~eld duplicatc RPD=73% 

Field duplicatc RPD=73% 

Field duplicate RPD=37% 

Reld duplicatc RPDr37% 

Field duplicate RPD=37% 



Table 2. Summary olRaggrd Dam 
Everett Lowlands lnvaligstion, Soil Da1P 

(All valus in mglkg.) 

Site Sample N o  Lab N o  Date Parameter Rault  Ragging Rewan for Rag 

MW-109D MW.109lJ-4 99R-00027 02/03/99 CHROMIUM (CR)VOT) 59.0 J4 Field duplicate RPD=37% 

MW-109D MW-IWD-5 99R00028 02/03/99 CHROMIUM (CR)CTOT) 138.0 14 Eeld duplicate RPD=37% 

MW-109D MW-1WD6 99R-00029 020309 CHROMIUM (CR)CTOT) 74.0 J4 Field duplicate RPD=37% 

MW-IWD MW-109D6D 99R-00030 02/03/99 CHROMIUM (CR)VOT) 51.0 14 Keld duplicate RPD=37% 

MW-109D MW-109D-7 9911-00031 02/03/99 CHROMIUM(CR)VOT) 56.0 14 Field duplicate RPD=37% 



APPENI~IX 2 

Database 

Note: 

Lab numbers starting with 98R and 99R are for XRF analyses. 
Lab numbers starting with L99 or 294 are for HF-digest wet chemistry analyses. 
Lab numbers starting with L98 are for SPLP wet chemistry analyses. 



-snCI 1 . m  

TnLXSECI 1-"IWL.8 

W S P C I  l-ms 
r n S I C I  1-BOTm 
IPUIDECI 1-MIDUL.8 

r n s m  i-ms 
I W I S E C I  3-BCl7Q4 
I W I J E C I  >-MIDDLE 

m s m  3-m~ 
RIHS.CI 4-80rrm 

W S I C I  4-MlmLB 
TnLXSP" ..mP 

W-158 

W-l6l 

BV-178 
W - 1 8 8  

BY.10B 

BV-2iA 

BV-218 
W.2U 

N - 1 2 B  

BV-138 
Bp-45 

=-.I 

--a7 
RP-4, 

18-11 

16-11 

16-13 
16.1. 



-- ma ' 11rmP. m S 1 r m  -- 
ULSWIC IS1 m 
UDIllULl (WI m 

a(RO11IW 1ERI m 
CDPPPP 1 0 1  m 
LBLD ID61 XTr 

ZINC I 5 1  m 



S I R  WDB 

M P L S  Dllm 

U.WLl TI= 

UB 

Lm VrmBEn 
aaL.aX5 

D B r n  
S W P U  VrmBHR 



WIsS: ul n.ulc.  ia q l / L  IY.L.I-1 or -/kg ( S o i l l  unl... notaa .nd u c  laborarw I L L B I  W... lield IIIDI or olcu1at.d 1-1 

m,mc.l; 016:01..Ol~d; ~ C : T O L . ~  uec-rabl~, a:u.~i-t.d; .;:US. man Detect. s l d :  m-c.r nor c.sr.a 

r p v v p ~ a  rx.o 0 ' 1 ~ 5  wing ng:\.c.rru~\\usvuOl.DB? Page 3 -tries. Ins. os1orl99 



- -  UI(PLB m s :  SOIL - 



lSIW - &.sum. h r e t t  LI SOIL 



R O n S i  Nl " ~ l t s  in q l L  (WareII or -/kg IS0111 uP1.*l mt.d and Y. 1.LDr.LOry IUUl U 1 . m  f i a l d  ( M I  O r  ~ 1 ~ l . t . d  ICIlCl 
m : m i . l ;  ~ x s : ~ i . . o l n a ;  nc:'mt.l i . c o m r ~ 1 . ;  s :s .r i .r td:  -:us. mm mrecr. 1 1 d :  --rrr nor test.d 

a Y~IO.LID~ 11.g.: ~~ -10u . ;  w i :u lu* i  J 2 . w a :  s r w i  J3:llold ~i-: JI .WIIDUP~~UL. .  spike. or s p l i t  ~c.eeanc.i  
n:aj.cr.a. 



Asm - m m .  B".rmtL LI SOIL 

-. *rTm ' MINIIR C O A R I ~ S  - -  
UUEiIC 1-1 505 

cuu~~l Imr 505 

(naam tcnl 505 
mwm IR)J 505 

LPU) IPB, - 
ZINC la) 505 

~ m 6 :  ~ 1 1  nsult. in -11, (watcrl or -/kg 1soi11 un1e.s ~ O L M  Md a n  l.lor.rory I U D )  d... tie18 (MI or ca1~1.r.d ICUC) 

m:h~.l~ DIS~DISSO~V.~; RC:~L.~ ~ec-llbler E:B.L~P.CIOI <:u.. rm mr.cr. Dl-: par-r-r not r..r.d 
Vali8aLirm ?lag.: &:-la*; MlDl.n*; J2.M: S L . i l d . d ;  J3s8018 Tilri JI.W4:UXplic.L.. Spik.. or Split e m d . n c . ;  

11:n.j.cr.a. 

.qmrpt3 a . 0  06/95 u i a g  .:\.r.rout\\lbm03.nD? Page 1 -rric.. ~ n c .  05/06/99 



S O W  - -m. -=.LC LI SOIL 

-- mm ' MINOR W S T l m g K T S  -- 
UYmc I S 1  m 
-m ,-I m 

OaWZYII ICRI m 
mPPn ICDI m 
LPLD I W I  m 
ZINC IZNI rn 

LXmS: A l l  r . N l L .  i. W/L l*.t.rl 0. -/kg I S O i l I  Ynl... n 0 C . d  LM l m n L O W  llA8I Ud... f i e l d  I M I  Or UlN1.t.d I U L C I  
IOl i 'hL.1:  D 1 S : D i s s o l n d ;  T7cC:lor.l il.c-l.Dle; I : I .L i=t .d ,  r iUss  'Than a l . c L .  B l U r  D.mrt.r mot L..L.d 



)i(W - IUPW.  M r m L I  LI  SOIL 

-. OIlPlS m: SOIL -. 



r m  m r  
sMPI.8 UTE 
WIPI.8 TI*P 

LIB 

LIB m E R  

Dsm 
WIPI.8 MUBUR 

- -  UmAU '*rn mmmmm - -  
mm1c IN) TOT 

C W N ~  rm) TOT 

-rm 1-1 m 
RIPPER lml TOT 
LEAD lsel m 
ZINC IW) m 



s m  CCmB 

morn mn 
moLP RIO 

Lm 
Ud m m  

nmAW.6 
DEW 

w r n  m m  

IIDN: A l l  n . u l t s  in .q/L 1rat.rl or - 1 9  (Soil1 unl.. . M L . ~  ard 1.bont01). 1Lm1 d... tie16 I M I  OX ~ 1 c u U r . d  1-1 
TOT:~L.II  D X S : D I ~ S O I ~ :  m c : m ~ . l  ~ ~ ( m m b 1 . 1  x : x . ~ i ~ t . d t  rsh.. - ooc.cr. n1.r.k- p.-r.r not r.sr.d 
v*lld.tlrm .lag.: ~:-lou.i w1r~l.r.k; n.Mi 6-; J3:Wld flp., a , w ~ ~ - l i c . ~ . .  spike, or s p l i t  
n:mj.cte6. 





-- LLILPr.8 3WI: SOIL - -  



-- *BT.LLs i MINOR m m 1 m  .- 
ARSWIC IS) m 
UDlllIlll IW) m 

~ O I I I O I I  1mj m 
mP?m 1m1 m 
LmD lPBl m 
ZlNC IM) m 



- -  LWUS ' IIxWOn r n N S T I r n  -. 
ARSmrlC 1 .Sl  m 
CLD*IUI I ~ I  m 

m w m  ICRI m 
COIPBL IWI mr 
flUI IPBI mr 
ZINC IWI mr 

q u u p r 3  n . 0  06/95 wing * : \ . r . rout \WTWO3.W? p.9. 15  W~=.=.L=IC.. mc. o ~ l o C l ~ 9  



AS- - m C O ,  B n r a L L  LI MIL 

-- hUlPY l-fps: SOIL - -  

wq~n.pL1 "1.0 06195 using .:\.E.LOut\\ASNLSO3.DBI P.9. 16 w&C..LdS.. 1.C. 05/06/99 



UBYLI, . ASAUCO. M~.LL LI SOIL 

-- mu L "IIPOD. -- 
An5BIIC ( A s 1  m 
UDllm 1-1 IDS 

-XI* lcnl m 
mpsm ICDI IDS 

WUID IPS1 m 
ZIAC 12Ul l W I  

- S  "NILS in  O ~ / L  I W ~ L . ~ )  or -/kg 1soi11 ul1a.m -~.d and l . D r a ~ o z y  1 ~ )  un1.s. c i e ld  I-) or s.lca1.r.d ICUCI 
m:mtalz D I S I D ~ . . ~ ~ ~ ;  mC:Tot.l U--1.8 8:UCimc.d; r:LIss T b m  D.LecL. B l u * :  P . M L . r  mot LesL.d 

ValiO.rion nag.:  h : a x o u . i  w1:81.n*i J l . w a i  sr.nO.M; J3:Bold T h i  J ~ . W 4 : m p l i ~ . t . .  spike. or s p l i t  as-.; 
a:il.j.sr.a. 

--=I v1.0 06/93 using .:\~L~rour\\AsNLIo3.DBP ~ag. 17 W r r i c . ,  ms. o s l o r l s ~  



AS= - W C O ,  h ~ t t  LI SOIL 

m s l  u1 ..NIL. in .g/~ iwarerl or -/kg l s o i l l  -1.s. oorM .nd l.Dr.tory IUSl uolle.. f i e l d  (PLDI or ~ 1 c u l . t . O  I~ l l f l  
r n : m ~ l ,  DIS:DIS.L-~~.~; RC:TOL.I n.c-rnbl.t ~ : ~ . c i m a r . d i  s~lr.. m -rest. s1.r.t: pa-=.= nor r..r.d 
v . i i u t i c m  11.g.: . L : ~ D Y . ;  wz:al.r.t; ~ 2 . ~ 2 :  st-d; r~ : l lo ld  rim; ~ a . w ~ ~ m p l i c . r . .  spik.. or s p l i t  h c " a c . i  





Asm - I U P C O ,  hr.r.tr LI SOIL 

- -  mILf ' MINOR mxn1ronrrr -- 
mm1c (As) m 
ucuIU)I 1m1 m 
CHOOIIIW la1 m 

COP?= ICOI m 
Lhlll IPBI m 
ZINC IZNI m 



-- mu ' MIUOR COHSmmxmS -- 
m w c  lA61 TOT 

CLLIIILM ( M I  TOT 

c?mc,!II"4 (CR) m 
mPPm (COI TOT 

LPU) IPS1 TOT 

zmc I W )  m 

-- W L E  m.: SOIL - -  
BP-'7 m-47 

02110193 01/10/99 

1 : O S  08:50 

R O r n  Zhc.sL€ 

9911-00063 L99-4716 

HI DIGEST 
RP-47.5 W.47-5 

m s :  ul -.ulc. i n  q / L  1Iat.rl or -/kg I M i l )  ul1.s. M L . ~  W l 'hrscoy  1-1 ci.16 IMI or ulcu1.r.d l a x 1  
~ : T D L . ~ ;  DIS;DI..O~..~; TUC:IDL.~ m-m1.1 EI=.L~-LC~S *:u.. man mr.cr. aim*: --t.r nor  r..r.d 



-- mu r mma coxsrrnrem -- 
mmc 1,s) TOT 

(3Y*IIa( 1-1 m 
ODLCWlUl l c p l  TOT 

COPPER ICOI m 
LBU) lsel m 
ZlXC IZHI m 

Va1Idntim 11.g.1 A:IIYN1OUs: M i B l u J I i  J2.M: S L Y I - ~ I  J3iBold T h i  J~ .W~IDUP~IC.LC.  Spik.. Or Spl i t  R C l d l D S . ,  
II:P.,.EZ.d. 



AS- - IslllCO. %wIaLI LI SOIL 

S I R  m e  
WL. mn 
WIa TlllB 

Lu 
un m B L  

m e  
D E r n  

SN4m.K m m  



AS- - ASACN. EV.RLI LI SOIL 

'- WUS L "11POll r n t l I r n  -. 
USmc 1ASI mr 
-1ua rmr mr 

PIllDllIYll Itxl 101 

COPPER I N )  101 
LPU) lW1 mr 
Z I X C  larl mr 

.. SUPI.8 m z :  M I L  .- 



A S W U  - I U I C O .  E"er.cr L I  SOIL 

-- mI1S ' *INOR C O H S I ~  -- 
WSDIIC I N )  501 

U D ) ( I ~  1m1 so1 

m m ~ m  l a )  

WPPXU I N )  501 

LUD IPBI 501 
ZX"C 1m1 501 



- -  nrrUS ' *tmn m N s l ' l m  - -  
ULSWIC 1-1 m 
UMIW (rn) m 

mOII1OII ICRI m 
mPPm ICO1 m 

LBID Irnl m 
ZINC lUll l O I  



'- m I :  SOIL -- 

rxms: u l  n s u l r .  in W/L I*.L.~I er ~ / * 8  IBAI un~... notea .nd a n  i m r a t o y  1-1 un1.s. ci.16  ill^^ or a ~ c u l a t m  1-1 
m : l o t . l :  nlSiDi..Olnd; IPC:TeUl UEOlnM1.; I : I s L i w C ~ 8  't1l.s man D.r.cr. BluU: p . M L . r  nor L..r.d 

ValidaLiors Flag.: A:A~-IOU.I w 1 1 B l u U 1  J1.M: S t a r d a d ;  J3:Bold Ti-; Jl .WI:DuPlic*CI. Spik.. or @ l i t  Pcnd.11c.i 

I R:a.j.cr.a. 



- -  MXThU L MINOR W S T I m P m  -- 
UISmIC I N )  XTr 

-1111 I W )  To1 
5LsXwIII (a) m 

mPPm 1 0 )  TVI 
LDID I W I  TVI 
Z I X  I W I  m 

-- -,a TDI: SOIL -. 



Nnnt - w m ,  r n r . L I  LI SOIL 

- -  llPRLLS ' *IMP. a . N P + I ~  -- 
W . S W I C  IN) lG7 

NDM, u 1  r.su1~. i n  wlL Iw.r.rl or wlks Iso i l1  uu.. . n0r.d ad a n  1.Lxrr.cory I m )  U... f i e l d  LM) or ~ 1 ~ 1 . c . d  laLC1 
m:m~.i: DIS:D~. .OIW~ n c : l o c u  i l . C a M 1 e :  .:zscilur.d: -:LIS. man mr-cr. Blank, o u u t e r  nor r..t.d 



LB-l' 

08/11/18 

TSC-SIC 

W(11913-2 

SPLPIDI 
5 - 1 -  

L8-168-Dl 

- -  SMPLB -B: SOIL - -  
16-16 ld-16 

08/27/98 08/27/98 

TSC-SIC mc-su. 

L981916-I L911934-2 

SPLP/PII11 SPLP/rn 
5 - 7 .  5.7. 

LB-168-PII11 16-168-PF3 

LD-16 

01/17/91 

TSC-SIC 

L9llSlS-2 

s m / w s  
5 - 7 ,  

16-168-PUY 



16- . w m ,  m n r r  LI SOIL 

S I R  CODD 

m L E  D3.n 
W 

Lm Nmm- 
TYPS 

D I r n  
m L 8  Nmmsa 



6 m  o m  LB-17 

U Y I P Y  o l n  08/27/98 

IAa nc-PLC 

LLB ULWB01 L911933-7 

nC-AM6 a u s m  
TYPE SPLP/DI 

D P r n  5.7. 

W L E  m P l l  Ig-170-DI--8 

-- 11O1Ns L m m  r n m s x m  - -  
ARSENIC 1-1 m <O.l 

" 6m9I.s m.: SOIL -- 

WnTS: N l  F..Y~LS 1. w / L  Iw.t.11 01 9 / 4 1  1O0ill ule., notd uud .D 1.Dont.w 1-1 YI1... fisld I M I  or ul~1.r.d IOiYCl 

lWT:hCa11 DlS~Di,.olV.dr %C:hL.l R.c-Ml.; 81I.Limt.d; .%la.. maul D.L.cC. Blanks -r.r nor r..r.d 





S I R  CODE 
Il*PLB n A R  

IAn 

IAn m K E  
m 

n . m  
m v L h  m P  

16-18 16-11 

01/27/91 01/17/91 

n c - s u  n c - s u  
L911931-6 L911933-6 

SQLQIDI 
5.7- s-7, 

LB-IIB 16-IOU-DI 

16-11 

01/17/91 

n c - s u  
l.911915-6 

SPLP/W9 

5-1. 

LB-LIB-PII9 
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APPENDIX 3 

Supporting Documentation 

*Calculations 
-% Recoveries 
-Relative Percent Differences (RPDs) 

*Procedures for Calculating Accuracy and Precision 

*XRF QC Outlier & Completeness Information 



Calculations 
-% Recoveries 
-Relative Percent Differences (RPDs) 



Anenic Mean % Recovery: 11990 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809-109 

EVT-9809-176 

EVT-9809-183 

EV-2 1B-4 

HP-47-5 

Samp Date 

08/25/98 

08/28/98 

09/23/98 

09/30/98 

09/30/98 

02/08/99 

02/10/99 

HF Digest 

38 

228 

< 10 

27 

28 

10 

< 10 

Cadmium Mean % Recovery: 100% 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809- 109 

EVT-9809-176 

EVT-9809-183 

EV-21B-4 

HP-47-5 

Samp Date 

08/25/98 

08\28/98 

09/23/98 

09/30/98 

09130198 

02/08/99 

02/10/99 

HF Digest 

< l o  

< l o  

< l o  

< l o  

< l o  

< 10 

< 10 

XRF 

6 1 

266 

< 10 

4 1 

28 

< 10 

< l o  

% Recovery 

161% 

117% 

100% 

152% 

100% 

100% 

100% 

.. - 
Chromium Mean % Recovery: 160% 

XRF % Recovery 

< 10 100% 

'< 10 100% 

< 10 100% 

< 10 100% 

< l o  100% 

< l o  100% 

< l o  100% 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809-109 

EVT-9809-176 

EVT-9809-183 

EV-21B-4 

HP-47-5 

Samp Date 

08/25/98 

08/28/98 

09/23/98 

091'30l98 

09/30/98 

02/08/99 

02/10/99 

HF Digest 

52 

99 

77 

72 

120 

48 

43 

XRF 

88 

150 

137 

139 

145 

76 

63 

% Recovery 

169% 

152% 

178% 

193% 

121% 

158% 

147% 

RPD or 2 Criteria 

1231 > + 20 

15% 

101 < + 20 

1141 < + 20 

101 < * 20 

101 < * 20 

101 < * 20 

RPD or * Criteria 

101 < + 20 

101 < + 20 

101 < + 20 

101 < + 20 

101 < * 20 

101 < * 20 

101 < + 20 

RPD or * Criteria 

51% 

41% 

56% 

64% 

19% 

1281 > * 20 

1201 = i 20 



a Mean % Recovery: 131% 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809-109 

EVT-9809- 176 

EVT-9809-183 

EV-21B-4 

HP-47-5 

Samp Date 

08/25/98 

08/28/98 

09/23/98 

09/30/98 

09/30/98 

02/08/99 

OZJ10199 

HE Digest 

85 

40 

18 

100 

55 

22 

18 

Lead - Mean % Recovery: 111% 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809-109 

EVT-9809-176 

EVT-9809-183 

EV-21B-4 

HP-47-5 

Samp Date 

08/25/98 

08/28/98 

09/23/98 

09/30/98 

09/30/98 

02/08/99 

0211 0199 

HE Digest 

366 

67 

< l o  

293 

12 

39 

< 10 

~ -- 

Zinc - Mean % Recovery: 126% 

Sample No 

EVT-9808-500 

EVT-9808-4MB 

EVT-9809-109 

EVT-9809- 176 

EVT-9809-183 

EV-21B-4 

HP-47-5 

Samp Date 

08/25/98 

08/28/98 

09/23/98 

09/30/98 

09/30/98 

02/08/99 

02/10/99 

HF Digest 

1000 

135 

50 

450 

2 1 

64 

78 

XRE 

129 

5 1 

25 

143 

52 

31 

22 

XRF 

529 

79 

< l o  

358 

< l o  

43 

< lo  

XRE 

1279 

82 

30 

463 

90 

37 

36 

% Recovery 

152% 

128% 

139% 

143% 

95 % 

141% 

122% 

% Recovery 

145% 

118% 

100% 

122% 

83% 

110% 

100% 

% Recovery 

128% 

61% 

60% 

103% 

429% 

58% 

46% 

RPD or + Criteria 

41.% 

1111<*20 

' 171 < t 20 

35% 

6% 

191 < k 20 

l41<*20 

RPD or + Criteria 

-3690 

-16% 

101 < + 20 

20% 

121 < + 20 

141 < + 20 

101 < + 20 

RPD or + Criteria 

24% 

49% 

1201 = * 20 

3% 

1691 < * 20 

1271 < + 20 

1421 < * 20 



Procedures 

for Calculating 

Accuracy and Precision 



PROCEDURES FOR CALCULATING ACCURACY 
HYDROMETRICS. INC. 

0 
1. From the summarized information on the accuracv form. the oercent recoverv of the blind field standard 

I (BFS) and the recovery of each laboratory spiked sample are calculated separately as: 

% Recovery of BFS = (100); or % Recovery 
VK 

of Spike = SSR-SR 
S A 

where: VA = analytical result of BFS; 
VK = known (or certified) value of BFS; 
SSR = spiked sample result; 
SR = sample result; 
SA = spike added. 

Perfect accuracy would be 100 percent recovery. 

I 2. Calculate the sample standard deviation of all recovery data. 

where recoveryi is the individual recoveries, 
recovery.,. is the mean recovery, 
and n is the number of values. 

3. To validate recovery data, the individual recoveries are compared with the average recovery value to identify 
individual values that lie outside the range of reasonableness. Chauvenet's test is used to identify individual 
recovery values that lie outside this range. 

To use Chauvenet's test, a screening variable is computed for recovery values that are suspected of lying 
outside the range of reasonableness. .. -- _ . - 
Screening Variable = (Recoveryi - Recovery,) ISD 

The screening variable is then compared to Chauv&t's criterion. (Table 1) for the given number of rscovery 
determinations. The suspect recovery value is set aside (set aside values are called "outliers") if the 
calculated screening variable equals or exceeds Chauvenet's criterion. 

If outliers are identified using Chauvenet's test, a new mean recovery and a new standard deviation is 
recalculated using the remaining "good" values, Chauvenet's test is then reapplied. This procedure is 
repeated until all surviving recovery values pass Chauvenet's test (Usually one application and one 
recalculation are enough). The final mean recovery and final standard deviation are calculated from the 
"surviving" recovery values. The final mean recovery value is used to estimate any bias in the data. 



TABLE 1. CHAWENET'S CRITERION FOR REJECTING A SUSPECTED VALUE 

Sample Size Chauvenet's Sample Size Chauvenet's 
n Criterion* Criterion 

3 1.901 17 2.424 
4 1.983 18 2.435 
5 2.015 19 2.445 
6 2.111 20 2.454 
7 2.164 21 2.462 
8 2.195 22 2.469 
9 2.214 23 2.475 
10 2.228 24 2.480 
11 2.279 25 2.485 
12 2.3 18 26 2.502 
13 2.348 27 2.517 
14 2.373 28 2.530 
15 2.393 29 2.543 
16 2.409 30 2.555 

40 2.634 

Based on "t" distribution rather than the traditional "normal" distribution 

4. The range of uncertainty in the recovery (R) is then calculated as 90% confidence limits about the mean recovery: 

t R = * ISD/(~)'" 

where: R is the 90% wnfidcnce limit for mean recovery (in percent); 
t is the value of the t distribution for the selected confidence level (90 percent) and 

(n-I) degrcts of freedom Vablc 3); 
n is the number of recovery values (samples): 
SD is the sample standard deviation. 

The range of uncertainty is used in conjunction with the mean recovery to determine if data are biased. 
Adjustments for bias can be made if d m c d  necessary. 

5. Together, the final average recovery value for BFS and laboratory spike and their corresponding uncertainties constitute 
the QA statements of accuracy for a panicular sampling program. 

-. 
\ . 

The wmpleteness of accuracy data is that percentage of the total number of recovuy values that remain after outliers are 
identified and set aside with Chauvenet's test. 

. .. 



PROCEDURES FOR CALCULATING PRECISION 

1. From the summarized information on the precision form, the relative pcmnt difference (RPD) of each replicate pair 
(blind field replicates and laboratory duplicates) are calculated separately as: 

where: RPD = Relative Percent Difference 
s = First sample value (original) 
d = Second sample value (duplicate) 

Perfect precision would result in 0% RPD. 

2. Any RPD value excading the control limits of i 20% for waters, or t 35% for soils, is evaluated as a possible outiicr 
using the Dixon's Q method. 

This procedure has the advantage that an estimate of the standard deviation is not nteded to use it. l l ~ e  procedure is as 
follows: 

a) Rank the RPD data in order of increasing numerical value, i.e., 

b) Decide which RPD value is suspect (always X, for RPD data). 
C) Select the risk for a false rejection (Table 21, usually 10%. 
d) Compute one of the following ratios, known as test smtistics: 

n Ratio if Xc is suspect 
3 5 n  5 7  710 (Xn - X+I) 1 mu - X J  
8 < n  $10 711 (X. - X,I) 1 (X. - X 3  
11511 S 1 3  41 (X. - X,3 1 (X. - X 3  
1 4 5 n  $25 Tn (x. - X,3 1 (X. - X3) 

e) Compare the test statistic calculated with the values in Table 2. If the calculated value is grcaier than the 
tabulated value, rejection may be made with the tabulated risk 

f )  Suspected outliers failing the Dixon test are rejected in an iterative process and are not used in the following 
prkision calculations. 



TABLE 2. VALUES FOR USE IN THE DMON TEST FOR OUTLIERS 

Statistic Number of Risk of False Rejection 
Obsewations, n 0.5% 1 % 5% 10% 

'I.,, 3 ,994 ' ,988 ,941 ,886 
~ ." 

4 .926 ,889 ,765 ,679 
5 ,821 ,780 ,642 557 
6 .740 ,698 ,560 ,482 
7 ,680 ,637 507 ,434 

8 ,725 ,683 ,554 ,479 
9 .677 ,635 ,512 ,441 
10 ,639 .597 .477 .409 

I I ,713 ,679 ,576 ,517 
12 ,675 ,642 ,546 .490 
13 .649 ,615 ,521 ,467 

14 ,674 ,641 ,546 ,492 
15 ,647 ,616 ,525 ,472 
16 ,624 ,595 507 ,454 
17 .SO5 ,577 ,490 .438 
18 ,589 .561 .475 ,424 
19 ,575 ,547 ,462 ,412 
20 .562 .535 .450 ,401 

Original reference: WJ. Dixon, Tmcessing Outliers." Biometries, BIOMA. 9 (No. 1): 74-89 (March 1953). 

3. Calculate the cocfficient of variation (CV) of each duplicate pair (field duplicates and lab duplicates are w e d  
separately). 

SD RPD 
CV.oc+e = - = - 

Mean fi 

4. Calculate the CV for all the pairs (field duplicates and lab duplicates are treated separately) 

5. Calculate precision, in percent, as: 

Precision (%) =( t * CV,,d,)/(kpojm -1)lR 

Where: t is the value for the 90% probability level from Table 3. 

6. The compluencss of precision data is that percentage of the total number of RPD values that remain after outliers are 
identified and set aside with Dixon's Q test. 



TABLE 3. DlSlRlBUnON OF 1. 

Number Degrees 
of of 
Samolc F d o m  50 70 80 
2 1 1.000 1.963 3.078 
3 2 316 1.386 1.886 



XRF 

Quality Control Sample 

Outlier & Completeness Information 



OVnIER AND COEIPLE?ENESS EVALUATIO~ 
OF L4BORATURY CONTROL SAMPLES 

08/31/98 m io/o6/98 

D s t m  Program 

ACNraCy Re8ult8: 
Tot111 Number of m~as~r~rn~nts: 9 Total Number of cutliera: 0 
Number of Valid Measurements l k l :  9 Chawenet's Criterion: 2.214 
901 t value: 1.860 95% t value: 2.306 
Completeness: 100.01 
101 Precision: 5.10 
Mean Recovery: 97.81 

Standard Deviation: 8.23 
5% Precision: 6.33 

WITHIN 
ANALYSIS 3NALYSIS PERCENT CONlROL SmENING 

CODE DAm TIME RECOVERY LIMITS VARIABLBLE OUTLIER CUIMU4T.S 

AS 08/31/98 -999.0% N/A 133.273 N/A Mieaing LCS for this date 
AS 09/01/98 11:14:53 100.01 Yes 0.270 No 
AS 09/03/98 14:53:47 96.11 Yes 0.193 NO 
&5 09/04/98 13:27:05 99.01 Yes 0.154 NO 
&5 09/29/98 08:48:43 86.6% Yes 1.350 NO 
AS 09/30/98 08:25:52 88.5% Ye8 1.119 NO 
RS 10/01/98 09:05:13 110.4% Yes 1.543 NO 
AS 10/02/98 08:12:37 106.6% Yes 1.080 No 
AS 10/05/98 09:29:29 87.61 Yes 1.234 No 
&5 l0/06/98 09:09:03 104.71 Yes 0.849 No 

Page 1 Hydmnetrics, Inc. 04/22/99 



OGTLIBR AND m I F I T H E S S  EVALUATION 
OF LBBORATORY CONTROL M L E S  

02/12/99 TO 02/16/99 

Ac-acy  result^: 
Total Number of Measurements: 2 Total Nwnber of Outliers: 0 
Number of Valid Mcaeuremcnte l k l :  2 Olsuycnet's Criterion: 1.901 
908 t value: 6.314 958 t value: 12.706 
Complctcness: 100.01 
108 Precision: 6.38 
Mean Recovery: 96.78 

Standard Deviation: 1.43 
51 Precision: 12.83 

HIllIIN 
ANALYSIS ANRLYSIS PER- CONTROL SCREENING 

TIME RECOVERY LIMITS VARIABLE OWILIER m S  CODE DATE 

AS 02/12/99 09:16:44 98.01 Yes 1.000 No 
AS 02/16/99 11:04:36 95.28 Yes 1.000 NO 

Hydromctrics, Inc. 02/24/99 



WILIER AND COWIEENESS EVALUATION 
OF IABOPATURY COKIROL SHPLES 

08/31/98 rn lo/os/ss 

DataMn Program 

Accuracy Results: 
Total N m k r  of Measurements: 10 Total Number of Outliers: 0 
Number of Valid Mcasur-nts l k l :  10 Chewenet's Criterion: 2.228 
901 t value: 1.833 951 t value: 2.262 
Completeness: 100.01 Standard Deviation: 4.54 
101 Precision: 2.63 5\. Precision: 3.25 
Mean Recovery: 94.31 

WITHIN 
ANALYSIS ANALYSIS PER- MNTROL SCREEKING 

CODE DATE TIME RECOVERY LIMITS VARIABLE OUnIER CO-S 

W 08/31/98 12:36:36 97.61 Yes 0.734 NO 
W 09/01/98 13:14:34 92.81 Yes 0.314 NO 
W 09/03/98 17:49:28 100.01 Yes 1.258 No 
W 09/04/98 14:51:00 95.2\. Ye8 0.210 NO 
W 09/29/98 08:56:28 97.61 Yes 0.734 NO 
CD 09/30/98 08:32:44 100.01 Ye6 1.258 No 
CD 10/01/98 09:11:53 88.01 Yes 1.363 No 
W 10/02/98 08:19:17 95.2t Yes 0.210 No 
W 10/05/98 10:00:12 88.01 Yes 1.363 NO 
W 10/06/98 09:15:21 88.01 Yes 1.363 No 

Page 2 Hydrometrics, Inc. 04/22/99 



m I E R  Am CUeLETENESS EVALUATION 
OF LhBORATWY W m O L  SMPLES 

02/12/39 m 02/16/99 

~ N T ~ C Y  R ~ s u ~ ~ s :  
Total MMbcr of Measurements: 2 Total Number of Outliers: 0 
Number of Valid Heasuremnta lk): 2 Chauvenetse Criterion: 1.901 
90% t value: 6.314 95% t value: 12.706 

D a t m  Program I 

Completeness: 100.0% 
101 Precision: 15.95 
Hean Recovery: 103.61 

Standard Deviation: 3.57 
51 Precision: 32.09 

WITKIN 
lUVU.YSIS AN4LYSIS P E R m  CONTROL SCREENING 

W O E  D1\TE TIWE RECOVERY LIMITS VARIABLE OWTLIER m S  

Page 2 HydrmtriCS. Inc. 02/24/99 



Dacamn Program 

Accuracy Results: 
Total Number of Measurements: 9 Total Number of Outliers: 0 
Number of Valid Measurements lk1: 9 Olawcnet's Criterion: 2.214 
901 t Mlue: 1.860 
Canpleteness: 100.01 
101 Precision: 2.73 
MCM ReCOveTy: 108.61 

951 t value: 2.306 
Standard Deviation: 4.40 
51 Precision: 3.38 

WITHIN 
ANALYSIS ANALYSIS PERCENT CONTROL SCREENING 

CODE DATE TIME RECOVERY LIMITS VMIABLE OWI,IER KWlUiTS 

CR 08/31/98 -999.01 N/A 251.555 N/A Missing LCS for this date. 
CR 09/01/98 09:00:23 113.31 Yes 1.065 NO 
CR 09/03/98 12:18:45 112.5) Yes 0.897 NO 
CR 09/04/98 11:48:59 105.1) Yes 0.785 No 
CR 09/29/98 09:05:24 108.11 Yes 0.112 NO 
CR 09/30/98 08:18:04 114.0) Yes 1.234 No 
CR 10/01/98 08:57:24 103.7t Yes 1.121 NO 
CR 10/02/98 08:04:58 112.51 Ye6 0.897 NO 
CR 10/05/98 09:21:54 101.4) Yes 1.626 No 
CR 10/06/98 08:52:17 106.6k Yes 0.449 No 

. -- 

Page 3 HydmnctrIc8, Inc. 04/22/99 



ORTLIER AND CMPLEtFHESS EVALUATION 
OF LABORATORY COKIROb W L E S  

02/11/99 TO 02/16/99 

ACNT~CY Re~ults: 
Total Mmter of Measurements: 2 Total Number of Outliers: 0 
Number of Valid Measurements ikl: 2 Chawenet's Criterion: 1.901 
901 t value: 6.314 95% t value: 12.706 
C-lereness: 100.01 standard Deviation: 4.82 
~ ~ ~~ 

~ ~ 

101 Precision: 21.50 
Mean Rtcwery: 115.91 

5\. Precision: 13.26 

WITHIN 
ANALYSIS ANALYSIS PER- -0L S a m I N G  

CODE DATE TIHE RECOVTRY LIMITS VARIABLE OUTLIER m S  

Page 3 Hydrometrice, Inc. 02/24/99 



D V n I E R  ARD CCMPUTENESS EVALUATION 
OF LABORAORY CONIROL SAMPLES 

08/31/98 m io/os/sa 

Dataman Program 

AENI~CY Resultll: 
~ot .1  Number of Measurements: 9 Total Number of cutl icrs:  0 
Number of Valid Measurements l k l :  9 mawenet's Criterion: 2.214 
90% t value: 1.860 95% t value: 2.306 ~~~ . .~  . ---. ~ 

Conmlctentss: 100.0% Standard Deviation: 4.68 
I O ~  Recision: 2.90 
Hean RCCOV~T~:  97.0% 

NIrnIN 
ANALYSIS ANALYSIS PER- CONTROL SCREENING 

CODE DATE TIWE RECUVERY LIMITS VARIABLE OVnIER -S 

N 08/31/98 -999.0% N/A 234.171 N/A Missing LCS for this  date. 
N 09/01/98 11:14:53 97.3% Ye8 0.083 NO 
N 09/03/98 14:53:47 93.8% Yes 0.666 NO 
N 09/04/98 13:27:05 106.1% Yes 1.957 NO 
N 09/29/98 08:48:43 101.7% Yes 1.020 No 
CU 09/30/98 08:25:52 94.7% Yes 0.479 NO 
N 10/01/98 09:05:13 92.9% Yes 0.854 NO 
N 10/02/98 08:12:37 98.2% Yes 0.271 NO 
N 10/05/98 09:29:29 89.4% Yes 1.603 No 
N 10/06/98 09:09:03 98.2% Yes 0.271 No 

Page 4 Hydrmtrice. Inc. 04/22/99 



O V n I W  AND COLPLElENESS EVALSJA7ION 
OF m o m m a y  CONYROL SAMPLES 

02/12/99 m 02/16/99 

Datarum Program 

Accuracy Results: 
Total Nvmber of ncasurements: 2 Total Nvmber of outliers: 0 
Number of Valid Measurements lkl: 2 Qlauvenet's Criterion: 1.901 
901 c value: 6.314 951 t value: 12.706 
completeness: 100.01 Standard kintion: 2.19 
101 Precision: 9.79 51 Precieion: 19.70 

WIWIN 
ANALYSIS AWUlYSIS PER- COKIROL SCREFNING 

CODE DATE TIHE RECOVERY LIMITS VARIABLE O m I E R  m S  

N 02/12/99 09:16:44 93.81 Yes . 1.000 NO 
02/16/99 11:04:36 98.21 Ye8 1.000 NO 

Hydr-trics. Inc. 02/24/99 



OrmIKR IWD W S S  EVALUATION 
OF rn0RATURY CONTROL SAMPLES 

08/31/58 TU 10/06/98 

DataMan Program 

Accuracy Re8~1t8: 
Total Number of neaeurements: 9 Total Nurnber of outliers: 0 
Number of Valid Meaeurcmenta Ik): 9 Olauvenet's Criterion: 2.214 
901 t value: 1.860 951 t value: 2.306 ~ - ~ - ~ -  ~~ ~ ~ ~- 

Cmletcnese: 100.01 Stenda~d Deviation: 0.80 
108 Precision: 0.50 
Hean Recovery: 98.71 

58 Precision: 0.62 

WITHIN 
ANALYSIS ANALYSIS PER(TKP CONTROL SWENING 

CODE DATE TIME RECOVERY LIMITS VARIABLE 0rnIE.R COlOW?l'S 

PB 08/31/98 -999.01 N/A 1366.91 A Missing LCS for this date 
PB 09/01/98 : 4 5 3  97.51 Yes 1.417 NO 
Pa 09/03/90 : 5 : 4 7  98.71 Yes 0.024 NO 
PB 09/04/90 13:27:05 98.58 Yes 0.238 NO 
PB 09/29/98 08:48:43 98.91 Yes 0.297 NO 
PB 09/30/98 08:25:52 100.01 Yes 1.691 NO 
PB 10/01/98 09:05:13 99.41 Yes 0.941 NO 
PB l0/02/98 08:12:37 98.51 yes 0.238 NO 
PB l0/05/98 09:29:29 99.21 Yes 0.619 NO 
PB 10/06/98 09:09:03 97.41 Yes 1.631 No 
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OTmIER AKD CWQLETENESS EVAWATION 
OF LABORATORY CONTROL W J X S  

02/12/99 m 02/16/99 
I I 
I PARRMETER: PB I 
I I 

ACN~CY Results: 
Total Number of Measurements: 2 Total Nvmbcr of Outliers: 0 
Number of Valid Measurements ikl: 2 Chawcnet'e Criterion: 1.901 
90% t value: 6.314 95% t value: 12.706 
Cnnpleteness: 100.01 Standard Deviation: 0.30 
10% Precision: 1.34 5% Precision: 2.70 
Mean Recwery: 98.7% 

WITHIN 
ANRLYSIS ANALYSIS P E R T  COKPROL SCREENING 

CODE DATE TIWE RECOVERY LIMITS VARIABLE ODTLIER -S 

PB 02/12/99 09:16:44 98.91 Yes 1.000 NO 
PB 02/16/99 11:04:36 98.31 Yes 1.000 No 



OUTLIER BND COMPLETENESS WALVATION 
OF ISgORATURY CONR(0L S W L E S  

08/31/90 TU 10/06/98 

Datansn Program 

Accuracy Results: 
Total Munber of Measurements: 9 Total Nunber of Dutliers: 0 
Number of Valid Measurements (kl: 9 OLauvcnetss Criterion: 2 . 2 1 4  
901 t value: 1 . 8 6 0  951 t value: 2 .306  
Completeness: 1 0 0 . 0 \  Standard Deviation: 2 . 5 3  
1 0 t  Precision: 1 . 5 7  51 PIecision: 1 . 9 4  
Hean Recwcry: 8 9 . 9 )  

WITHIN 
ANALYSIS ANALYSIS PERCENT CONTROL SCREENING 

CODE DATE TIME RECOVERY LIMITS VARIAB.BLE OWILIER CO-S 

ZN 08/31/98 -999 .01  NIA 431 .075  NIA Missing U3 for this date. 
ZN 09/01/90 : : 5 3  9 1 . 1 )  Yes 0 . 4 7 8  NO 
ZN 09/03/98 1 : 4 7  8 9 . 1 1  Yes 0.314 NO 
ZN 09/04/98 13:27:0s  9 0 . 5 1  Yes 0 . 2 5 1  NO 
ZN 09/29/98 00:48:43 91 .7% Yes 0.704 No 
ZN 09/30/98 08:25:52 8 6 . 2 t  Yes 1 . 4 4 5  NO 
ZN 10/01/98 09:05:13 9 5 . 1 1  Yes 2 . 0 6 1  No 
ZN 10/02/98 08:12:37 90 .2 )  Yes 0 .138  NO 
223 10/05/98 09:29:29 87 .7 )  Yes 0 . 8 8 0  NO 
ZN 10/06/98 09:09:03 87 .4 )  Yes 0 .993  NO 
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m t m  Program I 

AC-acy Re8ultS: 
Total Number of Measurements: 2 Total Number of Outliers: 0 
Number of Valid Measurements Ikl: 2 Chauvcnet's Criterion: 1.901 
901 t value: 6.314 95t t value: 12.706 
Completuress: 100.0t Standard Deviation: 1.29 
lot Precision: 5.74 5t Precision: 11.55 
mean Recwcry: 9l.Ot 

73 02/12/99 09:16:44 89.7t Ye8 1.000 No 
ZN 02/16/99 11:04:36 92.28 Yee 1.000 No 

Xydrowtrica, Inc. 02/24/99 



OmLIm AND COMPLETENESS EVALUATION 
OF CALIBRATION YERIFIc4TION 

Accuracy Results: 
Total Number of Measurements: 11 Total Nvmber of Outliers: 0 
Nvmber of Valid Measurements l k l :  11 Chauvcnet's Criterion: 2.279 
90% t value: 1.812 95% t value: 2.228 
Canpleteness: 100.0a Standard Deviation: 4.56 
10% Precision: 2.49 5% Precision: 3.07 
Mean Recovery: 94.7% 

HITHIN 
ANALYSIS ANALYSIS PER= COKPROL SCaEENlNG 

CODE DATE TIME RECOVERY LIMITS VARIABLE OGTLIER COMMUUTS 

Datatan Program 

AS oel31/98 14:27:50 96.1a yes 0.322 NO 
AS 09/01/98 11:27:25 87.6% Yes 1.555 No 
AS 09/03/98 15:07:04 7 . 1  Yes 0.531 No 
AS 09/04/98 13:37:21 96.1% Yes 0.322 No ~~ ~ ~ ~- ~ - -  . - 
AS 09/29/98 11:55:33 91.4% yes 0.721 No 
AS 09/30/98 10:31:40 91.1% Yes 0.721 NO 
AS lO/Ol/98 13:03:56 88.5% Yes 1.347 NO 
AS l0/01/98 14:16:37 93.3% Yes 0.304 NO 
AS 10/02/98 14:31:00 100.9% Yes 1.366 NO 
AS 10/05/98 10:57:35 102.8% Yes 1.783 No 
AS 10/06/98 11:12:30 96.1% Yes 0.322 NO 
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OGTLIER AND CuMPLfTENfSS EVALUATION 
OF UU.IBRATION VERIFIO.TION 

02/12/99 TO 02/16/99 

Accuracy Results: 
Total Numter of Measurements: 4 Total Number of Outliers: 0 
NU&= of val id  Measurements lkl: 4 Chawenet's m i t e r i o n :  1.983 
90) t value: 2.353 951 t value: 3.182 
Completeness: 100.01 Standard Devimtim: 6.91 
101 Precision: 8.20 5) Precision: 11.08 
Mean Recovery: 99.01 

WITHIN 
ANALYSIS AN?.LYSIS PERCENT CONTROL SCREENING 

CODE DATE TIME RECUYERY LIMITS VARIABLE OGTLIW C-S 

DataMan Program ! 

AS 02/12/99 13:20:41 100.91 Yes 0.213 No 
AS 02/12/99 18:28:54 109.5) Yes 1.504 NO 
AS 02/16/99 13:46:55 91.4t Ye8 1.094 NO 
AS 02/16/99 17:07:31 94.21 Yes 0.684 NO 

Hydr-tries, Inc. 02/24/99 



OVIZIER AJm COEIPLFENESS EVALWTION 
OF CALIBRATION VERIFIULTION 

08/31/98 m lo /os /se  

Acmracy Results: 
Total Number of neasuramcnrs: 1 0  Total Number of Outliers: 0 
Nunrbtx of V a l i d  Ikasuroments (k): 1 0  C h a w m e t * ~  Qiterion: 2 . 2 2 8  
9 0 1  t value: 1 .833  9 5 1  t value: 2 . 2 6 2  
Canplctencss: 1 0 0 . 0 1  Standard Deviation: 4.52 
1 0 1  Precision: 2 . 6 2  5 1  Precision: 3 .23  
Mean Recovery: 9 5 . 2 1  

WITHIN 
ANALYSIS ANALYSIS P E R m  CONTROL SCREENING 

CODE DATE TIME RECOYERY LIMITS VARIABLE OVnIER COMMENTS 

W 08/31/98 12 :51 :56  9 2 . 8 1  Yes 0 .527  No 
w os/o l /98  14:24:52 9 1 . 6 1  Yes 0 . 5 2 7  No 
w 09 /03 /98  17 :58 :11  30.4% Yes 1 . 0 5 1  NO 
W 09/04/98 14:51:56 1 0 4 . 1 1  Yes 2.108 No 
W 09/29/98 16:40:22 9 2 . 8 1  Yes 0 . 5 2 1  NO 
W 09/30/98 12:31:17 9 5 . 2 1  Yes 0 .000  NO 
w l o / o l / 9 8  15:06:25 1 0 0 . 0 1  yes 1.054 No 
W 10/02/98 11:21:16 8 8 . 0 1  Yee 1 . 5 8 1  NO 
W 10/05 /98  13:03:07 9 5 . 2 1  Yes 0 . 0 0 0  NO 
W 10/06/98 13:05:53 9 5 . 2 1  Yes 0 .000  No 

Hy&mctrics, Inc. 01/22/99 1 



OTmIER AND mWLETENESS BMLm\TIW 
OF C4LIBRPITION VERIFICATION 

02/12/99 m 02/ls/ss 

D a t a ~ n  Program 

AECYTaCy Re8~1t8: 
Total Number of Measuremento: 4 Total Wumber of Outliers: 0 
Nvmber of valid Mcasurcmcnts (k): 4 Chawenet's Criterion: 1.983 
90t t value: 2.353 95t t value: 3.182 
Completeness: 100.0t Standard Deviation: 4.91 
lot Reciaion: 5.77 5t Recision: 7.81 
Mean Reemcry: 103.6% 

WITHIN 
ANALYSIS ANALYSIS PERCENT CONTROL SCREWING 

CODE DATE TIME RECOVERY LIMITS VARIABLE OVPLIER CC+ME-TS 

W 02/12/99 15:06:50 100.Ot Yes 0.728 NO 
W 02/16/99 11:20:59 109.5t Yes 1.213 No 
W 02/16/99 14:33:45 97.6t Yes 1.213 No 
W 02/16/99 18:54:10 107.1t Yes 0.728 NO 



OVnlER AND CMP-SS EVALUATION 
OF (IALIQPATION VERIFlCATION 

08/31/98 TO 10/06/98 

Accuracy RCBU~CS: 
TotaI Number of Measurements: 12 Total mrnber of Outliers: 0 
Nurnber of Valid measurements (kl: 12 Chauvcnet's Criterion: 2.318 
901 t value: 1.796 
Cempleteness: 100.01 
101 Precision: 3.69 
Mean Recovery: 111.21 

951 t "a1ue: 2.201 
Standard Deviation: 7.12 
51 Precision: 4.52 

WIrnIN 
ANALYSIS W Y S I S  PERCENT MNTROL SCREENING 

M D E  DATE TIME REMVERY LIMITS VAUIABLE OVnIER M W L W l S  

DataMan Program 

~ 

CR 08/31/38 
Q( 08/31/98 11 
CR 09/01/98 09:34:06 117.01 Ye8 0.815 NO 
CR 09/03/98 12:31:10 121.4) Ye8 1.440 NO 
CR 09/03/98 14:14:55 116.21 Yea 0.111 NO ~ . ~ - . ~ ~  - ~ - - ~  ~- ~ ~ ~~ -- 

09/04/98 12:01:31 123.1 Yes 1.752 NO 
CR 09/29/98 18:14:22 100.01 Ye8 1.519 NO 
CR 09/30/98 08:43:17 111.11 Yee 0.017 No 
CR 10/01/98 09:56:31 105.11 Yes 0.850 NO 
CR 10/02/98 12:37:16 108.11 Ye8 0.434 NO 
CR lo/os/98 lo:09:~0 102.2t yes 1.266 NO 
CR 10/06/98 09:28:33 106.61 Yes 0.642 NO 
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! OUTLIER PND COllPLETENESS EVALUATION 
OF CALIBRATION VERIFI~TION 

02/12/99 TQ 02/16/99 
I I 
I PAWKCER: CR I 

~ a t m  Program 

Ac~~lilcy Results=: 
Total Nwnber of Measurements: 4 Total Number of Outliers: 0 
Number of Valid Heasvremcnts Ik): 4 (hawenet's miterion: 1.983 
901 t value: 2.353 951 t value: 3.182 
Cnnplcteness: 100.01 Standard Dtviation: 3.01 
101 Precision: 3.61 51 Precision: 4.89 
man Recovery: 115.41 

WITHIN 
ANALYSIS lllUILYSIS PER- CONTROL SCREENING 

CODE DATE TIME RECOYWY LIMITS VARIABLE OUTLIER CO-S 

CX 02/12/99 11:41':08 120.01 Yes 1.508 NO 
CX 02/12/99 16:48:27 112.51 Yes 0.905 N O  
CR 02/16/99 13:01:38 112.51 Yes 0.905 NO 
CR 02/16/99 15:18:29 116.21 Yes 0.301 NO 

Hydmmetrice. Inc. 02/24/99 



OVnIER COUP-S EVNUATION 
OF UU.IBRATION VERIFICATION 

08/31/98 TO 10/06/98 

I PlrWLMETER: N I 
I I 

Datman Program 

a Accuracy Results: 
Total Nwnber of Measurements: 11 Total Number of Outliers: 0 
Number of Valid Measurements l k l :  11 Cnawcnet~s Criterion: 2.279 ~~ . ~ .  -- ..... . 
901 t value: 1.812 951 t value: 2.228 
Cnnpletcnesa: 100.0% 
101 Pr~cision: 1.97 
Mean Recovery: 99.8t 

~-~ - ---- ~ 

Standard Deviation: 3.61 
5% Precision: 2.42 

WITHIN 
ANALYSIS ANALYSIS PER- CORTROL SCREENING 

CODE DATE T I E  RECOVERY LIMITS VAF3ABL.E OU~LIER COm!IzmS 

N 08/31/98 14:27:50 100.81 Yes 0.309 NO 
N 09/01/98 11:27:25 100.81 Yes 0.309 NO 
N 09/03/98 15:07:04 100.01 Yes 0.066 NO 
N 09/04/98 13:37:21 98.2t Ye8 0.420 NO 
N 09/29/98 14:55:33 97.31 Yes 0.663 No 
N 09/30/98 10:34:40 96.41 Yes 0.906 NO 
N 10/01/98 13:03:56 106.11 Yes 1.768 NO 
CV 10/01/98 14:16:37 100.01 Yes 0.066 No 

10/02/98 14:31:00 104.31 Ye8 1.282 No 
N 10/05/98 10:57:35 100.81 Yea 0.309 NO 
N 10/06/98 11:12:30 92.11 Yes 2.121 NO 
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OrnIER AND CQ(PLLTENESS EVrnTION 
OF CALIBRATION VWIPICATIOA 

02/12/99 TO 02/16/99 

A C N I L ~  Results: 
Total Number of Measurements: 4 Total mmber of Outliers: 0 
Nvmber of Valid masurcmenta Oil: 4 QLawurct's Qiterion: 1.983 
901 t value: 2.353 951 t value: 3.182 
Cnnplctenese: 100.01 Standard Deviation: 4.70 
101 ~rccision: 5 .53  51 Precision: 7.48 
Mean Recovery: 95.21 

WITTIIN 
IWI\GYSIS AWLLYSIS PER- CONIROL SCREENING 

CODE DATE TIM3 RE-Y LIMITS VARIABLE OUTLIER m S  

m t a M n  Program ! 
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OVnlER AND CCHPLETENESS EYALUATlON 
OF CALIBRATION VERIFICATION 

08/31/98 TO 10106198 

; f value: 1.812 95% L value: 2.228 

Dstsmn Program 

Cmpleteness: 100.0% 
108 Precision: 0.53 
Mean Recovery: 98.7% 

Scandard Deviation: 0.97 
5% Precision: 0.65 

WITHIN 
ANALYSIS ANALYSIS PERCEPT COhTROL SCREENING 

CODE DATE TIHE RECOVERY LIMITS VARIABLE OGTLIER CCWENTS 

PB 08/31/38 14:27:50 96.5% Yes 2.242 NO 
PB 09/01/98 : 2 7 : 2  98.4% Yes 0.290 NO 
PB 09/03/98 15:07:04 99.3% Yes 0.597 NO 
w 09/04/38 13:37:21 99.1% Yes 0.419 NO 
PB 09/29/98 14:55:33 100.68 Yes 2.016 NO 
PB 09/30/98 10:34:40 99.3% Yes 0.686 No 
PB lO/Ol/98 13:03:56 98.98 Yes 0.242 NO 
PB 0 / 0 / 9 8  : 6 3 7  98.7% Yes 0.024 No 
PB 10/02/98 14:31:00 98.18 Yes 0.556 NO 
PB 10/05/98 10:57:35 98.18 Ye6 0.645 NO 
PB lo/os/98 11:12:30 98.5% ye8 0.202 NO 

Hydrmetrics. Inc. 04/22/99 



OUTLIER AND COEmLEIENESS EVALUATION 
Of CALIBRATION VERIFICATION 

02/12/99 TO 02/16/99 

Acmracy Rt~ulte: 
Total MMber of Measurements: 4 Total NYmber of Outliers: 0 
Number of Valid Measurements Ikl: 4 (hawentt'e Qiterion: 1.983 
901 t value: 2.353 958 t value: 3.182 
Complctencsa: 100.08 Standard Deviation: 0.59 
IOI Precision: 0.70 58 Precision: 0.94 
nean Recovery: 98.01 

WITWIN 
ANALYSIS ANALYSIS PERCENT CUWROL S(REW1NG 

CODE DATE TIME RECOVERY LIMITS VARIABLE OmZlER COlMENTS 

PB 02/12/99 13:20:41 96.98 Yes . 1.673 NO 
PB 02/12/99 18:28:54 98.21 Yes 0.509 NO 
PB 02/16/99 13:46:55 98.58 Yes 0.945 NO 
PB 0 2 / 9 9  1:7:31 98.18 Yes 0.218 NO 
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OUTLIER CMlPLETENESS EVALUATION 
OF ClU.lBPATlON YERIFICATION 

08/31/98 TO 10/06/98 

DataMan Program 

ACNT~CY Results: 
Total Number of Mea~urements: 11 Total  umber of Outliers: 1 
Number of Valid Measurements lk): 10 Chawcnet's Criterion: 2.228 
90t t value: 1.833 95% t value: 2.262 
Completeness: 90.9% Standard Deviation: 1.61 
10% Precision: 0.93 5% Precision: 1.15 - ~ - - - ~ - ~ ~  ~ 

Mean Recovery: 88.9% 

WITHIN 
ANALYSIS ANALYSIS PERCENT CONTROL SWENING 

CODE DATE TIME RECOVERY LIMITS VARIABLE OGTLIER C O W N T S  

90.21 Yes 0.890 
89.1% Ye8 0.178 
86.5t Yes 1.423 
90.2t YC8 0.890 
85.7% Yes 1.957 
88.01 Yes 0.534 
88.21 Yes 0.356 
89.7% Yes 0.533 
83.1% Yes 2.313 

90.8% Yes 1.245 
89.71 Yes 0.533 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Yes Rejected in Chauvenet's Tcst. Screening Variable: 

2.313; cW.~enet'8 Criterion: 2.279; Number of 
samples: 11; Average: 88.3; Standard Deviation: 2.25. 

NO 
NO 

Hydraetrics. Inc. 04/22/99 



Oat- Program I 
k - a c y  Results: 

Total Mlmkr of Measurements: 1 Total Mlmhr o f  Outliers: 0 
Mlmhr of Valid Measurements ik): 4 ~ ~ n e t ~ s  Criterion: 1.983 
90% t value; 2.353 95% t value: 3.182 
Cnnpleteness: 100.0% Standard Deviation: 2.80 
10% Precision: 3.30 5% Precision: 1.46 
Mean Recwery: 88.1% 

WITHIN 
ANALYSIS ANALYSIS PERCENT CONTROL S-ING 

CODE DATE TIK6 RECOVERY LIMITS VARIABLE OUI'LIER CC+MUL"S 
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Completeness: 100.0% Standard Deviation: 27.33 
10% Precision: 46.18 5% Precision: 62.45 
Coefficient of Variation: 34.0% m a n  Percentage RPD: 39.6% 

RELATIVE WITHIN 
LAB SAMFIE SAllPIE P E R m  COKTROL 

CODE NUMBER MTE TIME DIFFERENCE LIMITS ODnIER m S  

AS 988-02343 08/26/98 1715 0.0% Ye8 N/A UDL 
AS 988-02409 08/28/98 0950 2.2% Yes N/A 1 1 1 < 2 0  
AS 98R-02655 09/29/98 1445 3.2% Yes N/A 111 < 20 
AS 988-02331 08/26/98 1305 5.7% Yes N/A 111.20 
AS 98R-02637 09/30/98 0915 10.6% Yes No 10.6% 
AS 988-02643 09/29/98 0850 1 4 9 %  Yea No 14.9). 
AS 988-02398 08/28/98 1110 22.2% Yes N/A 161.20 
AS 98R-02601 09/24/98 1113 59.6% No No *-+ 59.6). 
AS 988-02664 09/29/98 1120 73.3% No NO .rn. 73.3% 
AS 98R-02320 08/25/98 1650 81.1% Yee N/A 1151 < 20 

NOTES: I I denotes the absolute value of the difference between the orginal end duplicate reeults. 
fld-comp v1.O 2/95 Page 1 Hydrmetrics. Inc. 04/22/99 



Precision Remits: 
~otal m r  of ~tssurements: 0 Total Nvmbcr of Outliers: 0 
 umber of Valid EKasuremcnta Ik): 0 Dixon 0's Test Value: 0.679 
901 t value: 0.000 958 t value: 0.000 
c m l c r e n c s s :  N/A Standard Deviation: 0.00 
lot Precision: -999.00 58 Precision: -999.00 
Coefficient of Variation: 0.Ot ban Percentage RPD: 0.01 

REL1LTIVE WITHIN 
LAB W L E  SAMPLE PER- COm'ROL 

CODE NUHBER D1\TE TI- DIFFEREN= LIMITS OIHLIER C3MEWIS 

Datanan Program l 

W 988-02320 08/25/98 1650 0.Ot Yes N/A UDL 
W 988-02331 08/26/98 1305 0.0% Yes N/A ODL 
W 988-02343 08/26/98 1715 0.0t Yea N/A ODL 
W 98R-02398 08/28/98 1110 0.08 Yes N/A M L  
w 9811-02409 08/28/98 0950 0.08 Yes N/A UDL 
W 98R-02643 09/29/98 0850 0.0t Yes N/A UDL 
W 988-02655 09/29/98 1415 0.Ot Yes N/A ODL 
W 988-02661 09/29/98 1120 0.0% Ye8 N/A ODL 
W 988-02637 09/30/98 0915 0.Ot Yes N/A ODL 
W 981-02601 09/24/98 1113 11.88 Yes N/A 1 3 1 ~ 2 0  

NOTES: 1 1  denotes the absolute value of the difference between the orginal and duplicate results. 
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OUI'LIER AND CU@-SS EWULIATIOh 
OF FIELD ODPLICAN 
02/12/99 TO 02/16/99 

Completeness: N/A Standard Deviation: 0 . 0 0  
101 Precision: -999 .00  51 Precision: -999 .00  
Coefficient of Variation: 0 . 0 1  Mean Percentage RPD: 0 . 0 1  

RWdTrYE WITHIN 
WIB SAMPLE SAMPLE PER- CONTROL 

CODE NUMBER mTE TIHE DIFPBRWCB LIMITS OGTLIER -S 

W 998-00029 02/03/99 1555 0 . 0 1  Ye8 N/A UDL 
CD 998-00036 02/04/99 1420 0 . 0 1  Yes N/A UDL 
W 99R-00043 02/08/99 l o 4 5  0 . 0 8  Yes NIA UDL 
CD 99R-00052 02/09/99 0915 0 . 0 1  Yes N/A UDL 
W 9%-00061 02/10/99 0800 0 . 0 1  Yes A UDL 

NOTES: 1 1  denotes the absolute value of the difference between the orgiml and duplicate results. 
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.- 
OUl%IER AND m S  ~AUllTIOII 

OF FIELD oupLIcnTE.5 
08/31/98 r0 10/06/98 
I 1 
I PARAMFPER: CR I 

Precision Results: 
Total Munber of Measurements: 10 Total Number of Outliers: 1 
Number of Valid measurements Ik): 9 Dixon Q's Test Value: 0.409 
90% t value: 1.860 95t t value: 2.306 
~nnplctcness: 90.01 Standard Deviation: 7.33 
10% Precision: 4.60 5t Precision: 5.71 
Coefficient of Variation: 7.01 Hean Percentage RPD: 6.7t 

RELATIVE WITHIN 
LAB SAMPLE SAMPLE PERCENT -0L 

CODE NUMBER DATE TI= DIFFERENCE LIMITS OIllZIER m S  

CR 9BR-02409 08/28/98 0950 0.Ot Yes No 0.Ot 
01 98R-02398 08/28/98 1110 0.7 Yes No 0.7t 
(4 98R-02343 08/26/98 1715 0.8% Yes No 0.8t 
CR 98~-02655 09/29/98 1445 1.5% Yes No 1.5t 
CR 98R-02643 09/29/98 0850 4.8t Yes No 4.8% 
CR 98R-02664 09/29/98 1120 5.4) Yes No 5.4t 
CR 98R-02331 08/26/98 1305 10.1t Ye6 NO 10.1% 
CR 98R-02601 09/24/98 1113 1 . 4  Ye8 NO 13.4t 
CR 98R-02637 09/30/98 0915 23.4% Ye8  NO 23.4t 
a 98~-02320 08/25/98 1650 45.3t NO Yes 'Om- 45.3I; Rejected in Dixon's Q Test. Screening 

Vanable: 0.491; Dlxon's Q Test Value: 0.409; 
Number of eamples: 10 

NUES: 1 1  denotes the absolutc value of the difference between the orginal and duplicate results. 
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m I E R  AUD COXP-S EMI.UATION 
OF FIELD DUPLICATES 
02/12/99 TO 02/16/99 

Preci~ion Results: 
Total Mlmber of Heasurcmurts: 5 Total Number of hrtliers: 0 
Nvmber of Valid Measurements lk): 5 Dixon Q's Test Value: 0.557 
901 t value: 2.132 95t t value: 2.776 
Cnnpletcneas: 10O.Ot Standard Deviation: 10.29 
lot Precision: 16.78 5% Precision: 21.84 
Coefficient of Variation: 15.7% Mean Percentage RPD: 19.88 

RhLATIvE WITHIN 
LAQ SAMPLE SAMPLE PERCENT. CONTROL 

CODE NUMBER DATE TIME DIPFERMCE LIMITS OUnIER -S 

CR 99R-00036 02/04/99 1420 7.38 Yes NO 7.38 
at 9s~-00043 02/08/99 1045 11.18 Y ~ S  NO 11.18 
CR 99R-00061 02/10/99 0800 21.78 Ye8 NO 21.7t 
CR 99R-00052 02/09/99 0915 21.98 Yea NO 21.9t 
CR 998-00029 02/03/99 1555 36.8t NO No .OVT' 36.88 

NOTES: I I  denotes the absolute value of the difference between the orginal and duplicate rcsulte. 
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D a t w  Program 

Precision Remlts: 
Total Munber of Weaaurcmenta: 5 Total Numker of hltliers: 1 
Nwber of Valid Weasurcments lk): 4 Dixon 0's Test Value: 0.557 

Cnaplctcness: 80.01 Standard Deviation: 7.22 
101 Precision: 20.41 51 Precision: 27.60 
Coefficient of Variation: 15.OI Mean Percentage RPD: 20.01 

RELATIE 
SAMPLE SAMPLE PER- 
DATE TIME DIFFERENCE 

oa/26/9a 1715 11.41 
09/29/98 0850 12.91 
08/28/98 0950 16.11 
09/29/98 1445 19.01 
09/29/98 1120 19.21 
08/28/98 rllo 25.21 
09/24/98 1113 31.91 
08/26/98 1305 44.91 
08/25/98 1650 67.91 
09/30/98 0915 73.3e 

UlMIN 
mmOL 
LIMITS 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
NO 
NO 

N/A 1111 < 20 
A ~m. 136 1 . 20 
Ye8 .OUT. 73.31; Rejected in Dixon's Q Test. Screening 

Variable: 0.669; Dixon's P Test Value: 0.557; 
Nunber of samples: $ 

NOTES: 1 1  denote. the absolute value of the difference between the orginal and duplicate results. 

fld-comp "1.0 2/95 Page 4 Hydranetrica, Inc. 04/22/99 



OUnIER AND W L E I E N E S S  EVAUJATIOA 
OF FIELD DLIPLIULTES 
02/12/99 m 02/16/99 

Precision Reeulta: 
Total Number of Measurements: 1 Total Number of Cutliers: 0 
Number of Valid Measurements l k l :  1 Dixon 0's Teet Value: 0.557 
901 t value: 0.000 9 5 t  t value: 0.000 
Cnnplereneas 100 08 Standard Dev1atlon: 0.00 
10, preclslon. .................... 5, prcclslon. .................... 
Ccefficient of var1.tt011. 0.08 Mean Percentage RPD. 0.08 

RELATIVE WITHIN 
LAB SAHPLE SAMPIX PERCENT CONTROL 

CODE NUneER DATE TIHE DIFFERENCE LIMITS OIELIER m S  
- - 

ClJ 998-00052 02/09/99 0915 0 .01  YCB No 0.08 
ClJ 99R-00036 02/04/99 1420 5 .88  Yea N/A 1 3 1 . 2 0  
CO 99R-00061 02/10/99 0800 7 Yes A l 8 l < 2 0  ~ - - -  - .  ~~ 

N 9 9 ~ - 0 0 0 4 3  02/08/99 1.045 1 . 1  Yes NIA i s i . 1 0  
N 9 9 ~ - 0 0 0 2 9  02/03/99 1555  37.01 Yes N/A j l b l r 2 0  

NOTES: 1 1  denotes the absolute value of the difference between the orgi-1 and duplicate results. 
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O V n I E R  AND r m P m S  EVALUATION 
OF FIELD DOPLICATES 
08/31/98 TQ lO/O6/98 

P ~ C E ~ B ~ M  R e m l t ~ :  
~0t.1 NU*= of MeaSYrCmCntS: 5 Total NYmber of Outliers: 0 
Nuhr of Valid Measurements l k l :  5 Dixon a 's  Test Value: 0.557 
901 t, value: 2.132 951 t value: 2.776 
Completeness: 100.01 Standard Dcvistim: 16.48 
101 Precision: 19.29 51 Recision: 25.11 
Coefficient of Variation: 18.11 man Percentage RPD: 19.61 

RELATIVE WITHIN 
IJLB W L E  SAMPLE PER- CONTROL 

CODE NUHBER DATE TIHE DIFFEFGNCE LIMITS OIJTLIER CUbWENTS 

PB 981-02655 09/29/98 1445 0.01 Ye8 N/A UDL 
PB 988-02643 09/29/98 0850 1.41 Yes NO 1.41 
PB 988-02398 08/28/98 1110 6.48 Yes No 6.41 
PB 98R-02409 08/28/98 0950 11.38 Ye8 NO 11.31 
PB 98R-02331 08/26/98 1305 25.68 Yes N/A 1 5 1 < 2 0  
PB 98R-02664 09/29/98 13.20 27.91 Ye8 N/A 1121 r 20 
PB 988-02343 08/26/98 1715 35.31 Yea N/A 161 . 20 
PB 988-02637 09/30/98 0915 39.01 No No *W 39.01 
PB 98R-02601 09/21/98 1113 39.81 NO No *W 39.81 
PB 98R-02320 08/25/98 1650 152.98 No N/A 11041 > 20 

NOTES: 1 )  denotes the absolute value of the difference between the orginal and duplicate results. 
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- 
m 1 E R  AND COHPLPIENESS EVAWATION 

OF FIELD DWLICAmS 
02/12/99 X) 02/16/99 
I 1 
I P A m u m m :  PB I 

Precision Re~ulte: 
Total m c r  ef Meam-ts: 1 Total Numar of Gutliere: 0 
thmbcr of Valid MeaBUrexnts OkI: 1 Dixon Que Teat Value: 0.557 
90% t value: 0.000 951 t value: 0.000 
Coapletencas: 100.01 Standard Deviation: 0.00 
10% Precision: .................... 5% mecision: ...*............... ' 
Coefficient of Variation: 4.6% man Percentage RPD: 6.5t 

m T m  WITKIN 
W SMPLE SAWPLE PERCEUT CONTROL 

CODE &TIMBER DAm TIElE DIFFERMCS LIMITS O m I E R  COmGT3TS 

PB 9%-00029 02/03/99 1555 0.0% Yes N/A UDL 
PB 9911-00036 02/04/99 1420 0.01 Yes N/A UDL 
PB 9911-00052 02/09/99 0915 6.5% Yes NO 6.51 
PB 99R-00061 02/10/99 0800 33.3% Yes A (41 < 20 
PB 99R-00043 02/08/99 1045 53.0% No N/A .OWP 1311 1 20 

NOTES: 1 1   denote^ the abaolute value of the difference between the 0 - i ~ 1  and duplicate results. 
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WILIER PAD C O E I P ~ S  EVALUATION 
OF FIELD DDPLIcnES 
o8/3i/sa m io/os/sa 

Datarun Program 

Precision Reeulte: 
Total Number of Measurements: 1 Total Nvmkr of Cutliere: 0 
Number of Valid nessuremurte i k l :  7 Dixon Q's Test Value: 0.557 
901 t value: 1.943 95% t value: 2.441 
Complcteneea: 100.0% Standard Deviation: 9.12 
101 Precision: 9.29 51 PTrcision: 11.10 
Coefficient of Variation: 11.71 nean Percentage RPD: 13.81 

RETJLTIVE WITXIN 
LPB SAMPLE S W L E  PBI- CONTROL 

CODE NOnsER DATE TIWE DIFFERENCE LIMITS OCTLIER -5 

ZN 98R-02398 08/28/98 1110 1.8% Yes NO 1.81 
ZN 98R-02643 09/29/98 0850 5 %  Ye8 NO 4.5% 
ZN 988-02655 09/29/98 1445 5.11 Yes NO 5.11 
ZN 988-02601 09/24/98 1113 15.01 Yes NO 15.01 
ZN 988-02331 08/26/98 1305 15.11 Yes N/A 111 r 20 
ZN 98R-02409 08/28/98 0950 19.9% Yes No 19.91 
ZN 98R-02343 08/26/98 1715 21.3% Yes N/A 1101 r 20 
ZN 98R-02664 09/29/98 1120 23.61 Ye8 NO 23.6% 
ZN 98R-02637 09/30/98 0915 26.11 Yes No 26.11 
ZN 98R-02320 08/25/98 1650 151.91 No N/A .OW 1278 1 > 20 

NOTES: 1 1  denotes the absolute value of the difference betreen the orgi-1 and duplicate results. 
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OGTLIER AND C O H P W S S  EVALUATION 
OF FIELD DUPLICATES 
02/12/99 m 02/16/99 

Precision Results: 
Total Number of ncasuremcnts: 3 Total Number of hltliers: 0 
Number of Valid Measurements Ik): 3 Dixon 0's Test  Value: 0 .557  
901 t value: 2 . 9 2 0  958 t value: 4 . 3 0 3  
Cnnpletenese: 100 .01  Standard Deviation: 8 . 8 1  
101  Precision: 2 1 . 0 2  5 1  Precision: 30 .98  
Coefficient of Variation: 10 .21  Man Percentage RPD: 1 1 . 4 8  

REWLTIVE WITHIN 
LAB SAMPLE SAMPLE PER- CUNTROL 

CODE m E R  DATE TIUE DIFPERWCE LIMITS OUPLIER m S  

Dataman Program 

ZN 998-00043 02/08/99 1045 0 .08  Yes N/A 101 < 2 0  
ZN 99R-00052 02/09/99 0915 2 . 8 1  Yes N o  2 . 8 1  
ZN 998-00036 02/04/99 1420 7 9  Yea No 7 . 9 1  - -- ~ - ~~ ~ 

ZN 9 9 ~ - 0 0 0 6 1  0 2 j l o i 9 9  0800 2 3 . 5 1  Yea NO 2 3 . 5 t  
ZN 998-00029 02/03/99 1555 2 5 . 0 1  Ye8 N/A l 8 l . 2 0  

NOTES: I I denotes the absolute value of the difference betweem t h e  orgim1 and duplicate results. 
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OmLIER m CMIPLFlZHESS EvALUATIO1 
OF LhBORATORY DUPLICATES 

08/31/98 m 10/06/98 

Recision Resulte: 
Total Numhr of Measurements: 3 Total m&er of Outliers: 0 
m&r of Valid Pleasvrcments lk): 3 Dixor, 0's h e t  Value: N/A 
901; t value: 2.920 95% t value: 4.303 
completmcli~: 100.0t Standard Deviation: 2.33 
101 Recision: 6.67 51 Precision: 9.83 
Coefficient of Variation: 3.21; M a n  Percentage RPD: 3.98 

RWJLTIVE WITHIN 
las ANALYSIS ANALYSIS PERCnrr COmROL 

CODE lWMBER DATE TIKE DIFFERENCE LIMITS OUTLIER CWQGNTS 

AS 988-02332 08/31/98 14:27:50 0.0t Ye8 N/A DDL 
AS 98R-02585 09/29/98 14:55:33 0.01 Yes N/A M L  
AS 98R-02604 10/01/98 13:03:56 0.01 Yes N/A DDL 
AS 98R-02414 09/04/98 13:37:21 1 . 9  Yes NO 1.91; 
AS 98R-02609 10/01/98 14:16:37 2 . 7  Ye8 No 2.78 
AS 988-02405 09/03/98 15:07:04 7.21; Ye8 NO 7.28 
AS 988-02346 09/01/98 11:27:25 9.51; Yes N/A 111 < 20 
AS 98R-02648 10/02/98 14:31:00 17.18 Yes N/A 131.20 
AS 98R-02653 10/05/98 10:57:35 18.91; Yes N/A 151 < 20 
AS 9831-02599 09/30/98 10:34:40 25.61; Yes N/A 1101<20 

NOTES: I I denotes the absolute value of the difference between the original and duplicate results. 
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Precision Results: 
Total ~wnber of Measurements: 1 
Number of Valid Meaeur-ntli fkl: 1 
901 t value: 0.000 
Completeness: 100.01 
101 Precision; .........*.......... 
Coefficient of Variation: 2.1* 

m 1 E R  A m  C M P ~ S  EVALUATION 
OF m0IUXIRy DUPLICILTES 

02/12/99 TU 02/16/99 

W T N e  
rJg ANnLYSIS ANALYSIS PERcmT 

CODE NOMBER DATE TIHB DIFFERWCe 

Total Nu&r of hltlicrs: 0 
Dixon p a s  Test Value: N/A 
951 t value: 0.000 
Standard Deviation: 0.00 
5% Precision; .........*........*. 
Mean Percentage RPD: 2.91 

WIrnIN 
MKPROL 
LIMITS OUTLIER m S  

M t w  Program 

AS 991-00056 02/16/99 13:46:55 . 0.01 Yes N/A DDL 
AS 998-00051 02/12/99 18:28:54 2.91 Yes No 2.91 
AS 9911-00037 02/12/99 13:20:41 34.51 Yes N/A 1 5 1 ~ 2 0  

NOTES: 1 1  denotes the absolute value of the difference between the original and duplicate results. 

dup-comp "1.0 2/95 Page 1 Hydrometrica. Inc. 02/21/99 



OVPLIER AND C(WIElUiESS EVALUATIO. 
OF LABORATORY DUPLICATES 

o8/3i/sa TO lo/os/ss 

DataMan Program 

RELATIVE WITHIN 
LAB r n Y S I S  m Y S I S  PER- m m o L  

CODE -ER DATE TIHE DIFFERMCE LIMITS OUTLIER COQ(QTrS 

W 981-02332 08/31/98 12:51:56 0.01 Yes N/A UDL 
W 988-02346 09/01/98 14:21:52 0.01 Yes N/A UDL 
W 98R-02405 09/03/98 h:58:17 0.01 Yes N/A UDL 
W 98R-02414 09/04/98 14:57:56 0.01 Yea N/A UDL 
W 98R-02585 09/29/98 16:40:22 0.01 Yes N/A UDL 
w 98~-02599 os/ao/sa 12:3i:ii 0.01 Ye8 N/A UDL 
W 98R-02648 10/02/98 17:21:46 0.01 Yes N/A UDL 
CD 988-02653 10/05/98 13:03:07 0.01 Yes N/A RDL 
a 98R-02609 10/01/98 15:06:25 3 . 6  Yes N/A 111 r 20 

NOTES: 1 1  denotes the absolute value of the difference between the original and duplicate results. 
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m 1 E R  A m  c u 4 P ~ S  EVALUATION 
OP LaBOBArnRY DUPLIUTES 

RELATIVE WITHIN 
LaB r n Y S I S  m Y s I S  P E R m  r n 0 L  

1 CODE NUWBW DATE TIWE DIFFERENCE LIMITS -1ER W S  

W 99R-00037 02/12/99 15:06:50  0.OI Ye6 N/A UDL 
CD 99R-00051 02/16/99 11:20:59  0 . 0 t  Yes N/A UDL 
CD 99R-00056 02/16/99 14:33:45  0 . 0 t  Yea N/A UDL 

NUTES: 1 1  denotes the absolutc v a l u e  of the difference between the original and duplicate r e s u l t s .  
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OVnIER AND -SS 6VALUATIW 
OF LhBORATORY DOPLIUTES 
oa1311ss TO 10/06/98 
I 1 
I PARMmzR:CR I 
I I 

Preciaion  result^: 
Total N Y r b x  of Mcasurcmenta: lo Total Nvmkr of hltliers: 0 
Number of Valid Measurementll (k): 10 Dixon Q ' B  Test Value: N/A 
901 t value: 1.833 951 t value: 2.262 
Completeness: 100.01 Standard mistion: 4.68 
104 Precision: 3.54 51 Precision: 4.37 
Coefficient of Variation: 5.81 Mean Percentage RPD: 6.81 

DataMn Program 

RErJLTIYE WITHIN 
LAB ANALYSIS ANALYSIS P E R W T  CONTROL 

CODE lWHBER DATE TIME DIFFERENCE LIMITS OUTLIER m S  

CR 98R-02653 10/05/98 10:09:50 6 Yea NO 1.64 
CR 98R-02402 03/03/98 12:31:10 2 7 t  V-c Un 7 7 s  ~ -~~ ~ - ~ - -  ~ . . ~ - . ~ -  --- -.-. 
CR 98R-02599 09/30/98 O8:43:17 3 . 0  Yee No 3.01 
CR 98R-02609 10/01/98 09:56:31 3.81 Yce No 3 . 8 *  . .. . . . . 
CR 98~-02332 0ai3li98 17:37:26 4.84 Yes No 4.81 ~ - -  ~ - ~~~~ 

CR 98R-02414 09/04/98 12:07:31 5.44 Ye8 NO 5.44 
CR 98R-02585 09/29/98 18:14:22 8.4t Yes No 0.41 
CR 98R-02648 10/02/98 12:37:16 8.84 Yell No 8.81 
CR 98R-02346 09/01/98 09:34 :06 13.04 Ye8 NO 13.01 
CR 98R-02405 09/03/98 14:14:55 16.64 Ye8 NO 16.61 

NOTES: I I  denotes the absolute value of the difference between the original and duplicate results. 
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DatUlan Program 

j PA-: j 
I I 

0 Recision Resulta: 
Total Mlmbcr of ileasuremnts: 2 Total Numkr of Outliers: 0 
Mlmbcr of Valid Measurements lkl : 2 Dixon 0's Test Value: N/A 
901 t value: 6.314 951 t value: 12.706 
Ccmplctcnesa: 100.01 Standard Deviation: 5.65 
101 Precision: 59.89 51 Precision: 120.51 
Coefficient of variation: 9.51 m a n  Percentage RPD: 12.21 

R E Y L T ~  w I m m  
Lm ~ Y S I S  ANRLYSIS PERCENT COwmOL 

CODE MMBER DATE TIHE DIFPERENCE LIMITS O m I E R  m S  

CR 99R-00051 02/12/99 16:48:27 6.51 Yea NO 6.51 
(31 998-00037 02/12/99 11:41:08 17.81 Yea NO 17.81 
CR 9931-00056 02/16/99 13:01:38 31.61 Yes N/A 118 1 < 20 

NOTES: I I denotes the absolute value of the difference between the original and duplicate results. 
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OmZIER AND -SS EVALUATION 
OF rJLB0RAmRY DUPLICLTES 

08/31/98 TO 10/06/98 

Precision Results: 
Total Number of Heasuremcnts: 4 Total Number of Outliers: 0 
Number of Valid Measurements lkl : 4 Dixon P a s  Test Value: N/A 
901 t value: 2.353 951 t value: 3.182 
Cnnpletencss: 100.01 Standard Deviation: 6.01 
lot Precision: 7.81 51 PTecision: 10.56 
Coefficient of Variation: 5.7t Meam Percentage RPD: 5.5% 

RELATIVE UITHXN 
IAB ANALYSIS ANALYSIS PER- COKlROL 

CODE NOMBER DATE TIME DIFFERENCE LIMITS OUTLIER CC+MENTS 

CO 98R-02604 10/01/98 13:03:56 0.OI Yes N/A 101.20 
CU 988-02405 09/03/98 15:07:04 1.41 Ye8 NO 1.4t 
CD 98~-02609 l0/01/98 14:16:37 1 Ye8 No 1.61 
CU 98R-02414 09/04/98 13:37:21 3.01 Yes NO 3.01 
@J 98R-02585 09/29/98 14:55:33 3.91 Yea N/A 111 c 20 
rn sen-o26ra 1o/o2/9a 14:3l:oo 9.21 YCS N/A 131r20 
CO 98R-02653 10/05/98 10:57:35 15.81 Yes NO 15.81 
CO 98R-02346 09/01/98 11:27:25 27.71 Ye8 N A  191 < 20 
CO 98R-02332 08/31/98 14:27:50 31.6t Yes A 191 < 20 
CO 98R-02599 09/30/98 10:34:40 43.81 Yes N/A 114 1 r 20 

NOTES: 1 1  denotes the absolute value of the difference between the o r i g i ~ l  and duplicate resulcs. 

dup-cnnp v1.0 2/95 Page 4 Hydromttrics. Inc. 04/22/99 



OETLIBR AND COMPLFTKXESS EVALUATION 
OF LABOPATURY DUPLICATES 

02/12/99 TO 02/16/99 

DataNan Program 

Precision Results: 
Total Numhr of Mcasurenmrs; 1 Total Nunber of Outliers: 0 
Nwnber of Valid Measurement. Ikl : 1 Dixon 0's Test Value: N/A ~ ~ ~ - -  ~- -~ 

901 t M l ~ e ;  0.000 95% t M1uC; 0.000 
Cnnplctencss: 100.01 Standard Deviation; 0.00 
10% Precision: ...........***"*.** 51 Prrcision: ...... '...*......... 
Cotfficient of Variation; 11.1% Mean Percentage RPD: 15.7% 

RELaTrn WI'InIN 
LLB ANALYSIS ANRLYSIS PER(P6 CuXlROL 

CODE m w  DATE TIME ~ ~ m m n i a  LIMITS OGTLIER w m m m s  

NOTES: I I denotes the abeolute ~ l u c  of the' difference kcreen the original and duplicate results. 
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Recision Results: 
~ o t a l  Numkr of Meaaurcments: 5 ~ot.1  umber of mtliers: 0 
NYmber of Valid Measurements ikl: 5 Dixon 0 ' 6  Test Value: N/A 
901 t value: 2.132 958 t value: 2.776 
cmleteness: 100.01 standard Deviation: 2.38 -- r - 
101 Precision: 3.15 51 Precision: 4.11 
C~fficient of Variation: 3.08 Maan Percentage RPD: 3.4) 

PB 988-02332 08/31/98 14:27:50 0.08 Yes A ODL 
PB 98R-02604 10/01/98 13:03:56 0.0% Yes N/A ODL 
PB 98R-02405 09/03/98 15:07:04 0.3t Ye8 No 0.3t 
PB 9813-02609 10/01/98 14:16:37 0.98 Yes No 0.9t 
PB 9811-02653 10/05/98 10:57:35 6 Ye8 NO 4.6t 
PB 98R-02414 09/04/98 13:37:21 5.08 yell NO 5.0t 
PB 98R-02599 09/30/98 10:34:4O 6.38 Yes No 6.31 
PB 988-02648 10/02/98 14:31:00 8.78 Ye8 N/A 1 1 1 < 2 0  
PB 98R-02585 09/29/98 14:55:33 9.58 Yes N/A 111.20 
PB 988-02346 09/01/98 11:27:25 58.18 yes N/A 1 9 1 ~ 2 0  

NOTES: 1 1  denotes the absolute value of the difference between the origihal and duplicate reaults. 
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Datwan Program 

NOTES: I )  denotes the abaolute value of the difference between the o r i g i ~ l  and duplicate results. 
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OUTLIER AND COneuxuZESS EvALUATlOh' 
OF W O M T O R Y  DUPLICATES 

08/31/98 TO 10/06 /98  

Precieion Results: 
~0t.1  umber of ntasurements: 1 Total Number of Outliers: 0 
mmber of Valid Measurements l k l :  7 Dixon 0's Test Value: N/A 
90% t value: 1.943 95% t value: 2.447 
Completeness: 100.0% Standard wiation: 2 .08  
10% Precision: 1 . 6 1  5 %  Precision: 2 .03  
Coefficient of Variation: 2 .01  Mean Percentage RPD: 2 .0% 

RELATIVE WITMIN 
LAB ANALYSIS ANALYSIS PERCEK7 CUKTFSL 

CODE NOMBER DATE TIHE DIFFERENCE LIMITS OUTLIER -5 

M 988-02346 09/01/98 11:27:25 0 .0% Ye8 NO 0.0% 
M 988-02653 10/05/98 10 :57 :35  0.2% Ye8 No 0.2% 
M 98R-02414 09/04/98 13:31:21 0 1 %  Yes NO 0.7% 
ZN 988-02609 10/01/98 14:16:37 5 %  Ye8 No 1 . 5 %  
M 98R-02604 10/01/98 13:03:56 1 .6% Yea NO 1 . 6 %  
M 98R-02405 09/03/98 15:07:04 4 . 0  Yes NO 4.0% 
M 981-02332 08/31/98 14:27:50 5 . 1  Yes N/A 1 1 1  < 20 
M 98R-02599 09/30/98 10:34:40 6.11 Ye8 NO 6.1% 
M 981-02585 09/29/98 14:55:33 1 8 . 2 1  Ye8 N/A 151 ( 20 
ZN 98R-02648 10/02/98 14:31:00 23.01 Yes A 113 1 < 20 

N m :  1 1  denotes the absolute value of the difference ktreen the original and duplicate results., 
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A9WOl m I E R  AND C O M P L F m W S  EVALUATIOF 
OF LaBORAmRY DUPLICATES 
02/12/99 m oz/ie/ss 

Precision Rcsulca: 
Total Numbex of Measurmmts: 2 ~ot.1  umber of Outliers: 0 
Number of Valid Measurements Or): 2 Dixon 0's Test value: N/A 
901 t value: 6.314 951 t value: 12.706 
Complcteneas: 100.0t Standard Deviation: 1.25 
101 Precision: 22.21 Precisian: a1.69 - - 

Coefficient of Vanation: 3.5t Mean Percentage RPD: 4.9t 

FSIATIVE WITHIN 
LAB ANALYSIS ANALYSIS PERCENT COKPROL 

CODE NGmW DATE TIHE DIFFERENCE LIMITS OGTLIER CUWEKTS 

NOTES: 1 1  denotes the absolute value of the difference between the original and duplicate results. 
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APPENDIX 4 

Linear Regression Graphs and Statistics 
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ARSENIC (AS) COMPARISON STATISTICAL SUMMPU.. 

RegmSsISSIon Slatistics 
Multiple R 0.996949742 
R Square 0.993908788 
Adjusted R Square 0.992690546 
Standard Enor 7.906729437 
Observation6 7 

GmIfidents StanderdEmr tStal P-value Lower 95% Upper 95% 
lntempt 4.547403433 3.580135489 1.270176351 0259918964 4.655812786 13.75041985 
TSCSLC HFDIGEST 1.152538526 0.040350511 28.56317053 9.85338E47 1.048814405 1.256262647 

t-Test! Paired Two Sample lor Means 

TSCSLC HF DIGEST FIUSTON 
Mean 48.85714286 60.85714286 
Valiance 6399.47619 8552.803524 
Observations 
Pearson Conelation 
HypoUmsbed Mean Dierenca 
df 

t ca& o ~ t a i i  1 . ~ 1 8 ~ ~ 1 5  
P(T<=t) W t a i l  0.066401565 
t Critical lw*tail 2.446913641 

Dsscnpbve Smoslm TSCSLC HF DIGEST RUSTON 
Moan 48.85714286 60.85714286 
Slandard Ermr 30.23592043 34.95468398 
Median 27 28 
Mode UNlA 10 
Standard Deviation 79.99672612 92.48140096 
Sample Vafianm 6399.47619 8552.809524 
KunOsis 6.447894592 6.034802919 
Skewness 2509563277 2417545316 
Ranee 224 - -  258 
Minimum 4 10 
Maximum 228 266 
Sum 342 426 
Count 7 7 
Confidena, Level(95.W) 73.98468614 85.531 09303 

REGRESSXLS 
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ARSENIC (AS) RE 9 RESSlON CHART 

0 50 100 150 200 250 300 
TSGSLC HF DIGEST (MGKG) 

I RUSTON ----1:l Ratio - - - - - -L95%CI  ------U95%CI - Linear (RUSTON) I 
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OVnIER .WD COEIPLETENESS EVALUATION BBlWEEN SAMPLE RECEIVED FROH LABS TSC-SU3 (HF DICIEST) AND RUSTON 
08/20/98 TO 02/12/99 

CDDB SAMPLE NUnaBR SAnPLE TSC-SIX RUSTON TSC-SLC RUSTON REWLTIVE WITHIN OUTLIER m S  
DATH (HF DIGESTI ( 1  (HF DIGEST) ( 1  PER- CONTROL 

Ids NO LPB NO RESULTS RESULTS DIFFERENCE LIMITS 

(3) BVT-9808-4PB 08/28/98 294-4140 98R-02394 2.9 < 10' 110.11 yes N/A UDL 
a, WT-9809-176 g9/30/98 294-4142 98R-01636 1.7 < 10 141.91 Yse N/A UDL 
a, WT-9808-500 08/15/98 294-4139 98R-02319 1.2 < 10 157.11 YCB N/A UDL 
a, W-2lB-4 02/08/99 L99-4725 99R-00043 el.0 < 10 163.61 Yes N/A M L  
W BVT-9809-109 09/23/98 294-4141 98R-01585 <l.O < 10 163.61 Yes N/A UDL 
0 BVT-9809-183 09/30/98 294-4143 98R-01673 4 . 0  < 10 163.61 Yes N/A UDL 
CD UP-47-5 02/10/99 L99-1726 99R-00063 4.0 r 10 163.61 Yes N/A UDL 



OUl'LIBR AND CCMPLgTGNESS EVAWATION 8BlWEBN SAUPLB RECEIVED FROn ILWS TSC-SIC IHF DIGBST) AND RUSTON 
08/20/98 TO 02/12/99 

DataMan Program 

Precision Reeultel Total Number of Pairer 58 Total Kurher of Outliere: 08 Number of Valid Paire lkl: 5; Dixon Q'a 
Teat valuc: 0.557, 901 t valuc: 2.1321 951 t value: 2.776; Completeness, 100.011 Standard Deviation: 0.151 101 
Uncertainty: 36.111 51 Uncertainty, 47.801 Mean Percentage RPD: 46.21, Validation Detection Limit IML): 10.0; 
Control limit: 35.01 RPD or for values less than 5 times M L :  the absolute valuc of the difference between resulta 
nccde to be within I times the M L .  

CODE SAUPLB MMBER SMPLE TSC-SIC RUSKIN TSC-SIC RUSTON RELATIVE WITNIN OUl'LIER -8 
DATE IHF DIGEST) 1 I IHP DIGEST) 1 1 PBR- CONTROL 

LAB NO U B  NO RESULTS RESULTS DlFFgRBNCB LIMITS 

Page 3 



rrlROMlUM (CR) COMPARISON STATISTICAL SUMMAnf 

RegmsJMn Slatislics 
Mukiple R 0.871930428 
R Square 0.760262671 
Adjusted R Square 0.712315205 
Standard E m r  19.74810828 
Observations 7 

AN OVA 
dl SS MS F S g n b n c e  F 

Regression 1 6182.456039 6182.456039 15.85615981 0.010509997 
Residual 5 1949.563961 389.9087921 

Coeliidents Standad Envr r Stat P-value Lower 95% Upper 95% 
Intercept 31.73253903 21.96666683 1.444576893 0.208189443 -24.73448203 88.19956099 
TSGSLC HF DIGEST 1.12695152 0.283012899 3.981979358 0.010509997 0.399444893 1.854458148 

I -~est  P a i d  Two Sample for Means 

TSCSLC HF DIGEST RUSTON 
Mean 711 ( la  
Variance 
ObseNBtions 
P e a m  Correlation 
Hypathesized Mean Diereme 
dl 
t Stat 
P ( T d )  onetaU 
t Critical one-Lail - - -  - -  

Prr-1) mil O.WlOU979 
t Critical two-tall 2446913&11 

Descriptive Statis(ia TSCSLC HF DIGEST RUSTON 
Mean 73 114 
Standard Enor 10.76590739 13.91470616 
Medan 72 137 
Mode XWA XWA 
Standard Deviation 28.48391 359 36.81 485208 
Sample V a h  81 1.3333333 1355.333333 
Kuttosk 0.627416448 , -2203852566 
Skewness 0.702405337 0.47165731 . .. 
b n g e  n 87 
Minimum 43 a 
w m u m  120 150 
Sum 51 1 798 
&urn 7 7 
Confidence Lwe1(95.0%) 26.34324564 34.04808432 

REGRESSXLS 
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COPPER (CU) R 'a ESSION CHART 

0 20 40 60 80 100 120 140 160 
TSC-SLC HF DIGEST (MGKG) 

I RUSTON ----1:l Ratio ------L95%CI ------U95%CI - Linear IRUSTON) 1 
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LEAD (PB) COMPARISON STATISTICAL SUMMARI 

ReglsSZiM Statistics 
Muhipie R 0.994811746 

0.98965041 
Adjusted R Square 0.987580492 
Standard Enur 2329563013 
Obsemalions 7 

. - . - . . . 
dl SS MS F Signfficanm F 

Regression 1 2594642824 2594642824 478.1109132 3.71363E.06 
- .  .. . -. . . . . . 

Total 6 262177.7143 

Coefficients Standard Emr  t Stat P-value Lower 05% Upper ~ 5 %  
Intercept 6.63W51877 11.30551569 4.586470539 0583036001 -35.69205766 22.4313539 
TSCSLC HF DIGEST 1.375681 195 0.062914894 21.86574749 3.71363E.06 1213953575 1.537408816 

!-Test: Paired Two Sample for Means 

TSGSLC HFDIGEST RUSTON 
Mean 112.7142857 148.4285714 
Varlanm 22850.2381 4369628571 
Observations 7 7 
Pearson Camlation 0.994811746 
Hypothesized Mean DWerenm 0 
dl fi -. 
I Stat 
PP<=I) one-tall 
I Critical one-tall 

Descriptive Statistics TSGSLC HF DIGEST RUSTON 
Mean 112.7142857 148.6285714 ~ . . . 
Slandard Enur 57.13422554 79.03839532 
Median 
Mode 
Standard Denailon 
Sample V m  
Kunosis 
Skewness 
Rawe 
MMmum 
Maximum 
Sum 

REQRESSXLS 
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~ a t a m n  Program 

Precision Resulta: Total Number of Psirsc 31 Total N u a r  of Outliers: Of Number of Valid Paire Ikl: 31  Dixon Q'e 
h o t  Value: 0.886,  9 0 1  t value, 1.920,  9 5 1  t value: 4.303, Completeness: 1 0 0 . 0 1 ~  Standard Deviation: 0.19,  1 0 1  
Uncertainty: 46.071 5 1  Uncertainty: 67.89: Hean Percentage RPD: 25.11; Validation Detection Limit IVDLI: 10.0;  
Control limit: 3 5 . 0 1  RPD or for values lees than 5 time- VDL: tho abeolute value of the difference between reeults 
neede to be within 2 time- the M L .  

CODE S W L E  NUnsBR SAUPLE TSC-SIL RUSTON TSC-SLC RtLSTON REUTIVB WITHIN OVFLIBR CW94ENIS 
DATB IHP DIGEST) 1 )  IHP DIGKSII 1 1  P B R m  CQmROL 

WLB NO WLB NO RESVLTS RESULTS DIPFKRENCE LIMITS 



. - .  

ZINC (ZN) COMPARISON STATISTICAL SUMMAR\ 

Regression Statistics 
Multiple R 0.9919321 93 
R Square 0.983929475 
Adjusted R Squara 0.880715371 
Standad Emr 64.3264051 8 
Obsemtlons 7 

,-.-... 
dl SS MS F Sisnificanm F 

Regression 1 1266725.425 1266725.425 306.1286129 1.11805E45 
~~ 

Total 6 1287414.857 

Coeffidem StandardErmr t Stat P Lower95% Upper95% 
Intercept -40.87502271 30.73670784 -1.329843871 0241004789 -1 19.8861165 38.13607103 
TSGSLC HF DIGEST 1280937241 0.073210924 17.49653145 1.1 1805E-05 1.092742876 1.469131606 

t-Test: Paired Two Sample for Meens 

TSGSLC HF DIGEST RUSTON 
Mean 256.8571429 288.1428571 
Variance 128669.4762 214569.1429 
Obsemtions 7 7 
Pearson Conelallon 0.991 9321 93 
Hypothesized Mean Dmerenca 0 
dl 6 
t Stat 4.709689899 
P(T4)  one-tall 0252264357 
t Cdlical onetall 1.9431 80905 
P(T4)  two-tall 0.504528714 
t ~ f l i  two-tall 2.44691 3641 

Median 
Mode 
Standard Deviation 
Sample Variance 
Kunosis 
Skewness 
Ranee 
Minimum 
Maximum 
Sum 

REQRESS.XLS 
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Grided Data and Detailed Profiles 

The preliminary or regional data is generally gathered on a north-south1 east-west oriented 

grid with 100 foot spacing. The primary survey is made by taking measurements at the grid 

points and at the center of each grid square, or the five spot. The reduced maximum horizontal 

magnetic field values are contoured to determine general location and orientation of the ground- 

water channel feeding the energized water source. Readings taken over a grid area provide 

general information related to water flow and preferential direction of channels. Grid data does 

not provide detailed information defining channels or the edges of channels. Detailed profiles 

taken perpendicular to the path of the channel or water, as determined by the grid survey, 

provides the data needed for improved accuracy for determining the center of the water chamel 

and the location and type of channel edges. Subsequently detailed readings may be taken along 

selected profiles in locations where the initial data indi ied the existence of groundwater 

chfmels. 

For the best results supplemental readings are taken along selected profiles in locations where 
initial data indicates the existence of groundwater channels. Detailed or supplemental profiles are 

located by using the initial grid. Data collected along profiles running north-south or east-west 

are spaced at 25 foot intervals. Diagonal profiles mnhg  north-west to south-east or north-east 
to south-west are spaced using 21.5 foot intends These spacing was chosen because it was an 
even division, 1/4 or 1/6ih, of the distance between the corners of the square. Thus the comers 

and the five spot are re-occupied to assure that the magnetic values for the profiles can be 

correlate with the regional data. This permits the comparison and verification of data. These 
two spacing intewals provide suflicient information to locate subsurface water related features to 

within about 25 feet. 

If more precise information is required in one location for planning or engineering 

information at 5 foot data spacing can be used. This detailed spacing along a profile will provide 

details that are relative to approximately 5 feet. These types of profile must be chosen to run 

perpendicular to the subsurface channel or groundwater flow to provide the greatest accuracy. 

PO Box 701290 
Salt Lake City, UT 84 170-1290 
(801) 595-8881 $x (801) 595 8885 





AQUA TRACK 
APPENDIXES a This appendii is included to provide the m d e r  with a short overview of the technology behind 
AquaTrack, Patent 5,825,188. It will assist the reader in understanding the methodology of interpretation. 
It is not intended to be all inclusive. It is simply intended as an overview to afford appreciation. 

How does AqaaTraek map solutions in the ground? . Directly energizing the groundwater under investigation. 

This energy provides electrons which move through the water of interest and can be tracked, much 
easier than if chemical tracers are used. . Current following the groundwater generates a primary magnetic field. . Mapping the magnetic field, maps the current flow which, maps groundwater flow and channels. 

Ionovations AquaTraek uses: 
Electrons injected into water can be followed from the surface but chemical tracers or dyes can not, 

HGI increases the energy in the groundwater thus increasing magnetic signal strength. In the past, 
gains in interpretive resolution were accomplished by improving data handling techniques or 
improving filters. 
Older technologies use weak secondary magnetic fields while AquaTrack technology use the strong 
primary magnetic field. 

To c o n h  that water in a monitoring well flows to a specific seep or well AquaTrack acts like a 
tracer based technology without the need to add chemical tracers and without waiting for the chemicals to 
move throughout the system. AquaTrack replaces chemicals with electrons. 

AquaTrack increases signal strength by concentrating energy in tbe aqueous solotion being studied. 
AquaTrack is a hybrid technology that combines the best elements from conventional tracer 
technology with elements from electromagnetic and galvanic technologies. 
The breakthrough came with the concept of direct contact or direct energizing of the groundwater. 

This concentrates the electrical energy in the target which results in a 10 to 100 fold increase in 
effective signal strength with a concomitant improvement in noise to magnetic signal ratios. 
Interference or false signals from other conductors in the same area are reduced or eliminated. 
Intermediary layers that could insulate or interfere, such as clay lenses or conductive formations, 
have little effect on the primary field generated enabling AquaTrack to ''see" through these layers 
when others can't. 

Examples of similar technology: 
Buried pipes and wire are located using Metro Tech Tools. The Metro Tech transmitter is 
connected directly to the metal pipe or wire and to a ground electrode. When a current is applied, 
it will follow the pipe or wire as far as it can, and the pipe or wire is located by measuring the 
magnetic field with a receiving unit. 
A similar approach is used by the phone company to find wires already placed in a wall. An 
alternating electric current is applied to the telephone wire, the magnetic field produced is used to 
locate the wire. 

HGI's technologies are essentially the same. AquaTrack just replaces the pipe or wire with water and 
collects more data than just the high point in the field. 

Hvdro Gnseiences Inc. 
825 Sourn 5. wca 
PO Bm 701290 
Salt Ldke City, UI 84170-1290 



AQUA TRACK 
How does AquaTrack differ from conventional Tracer or Geophysd technologies? 

AqmTrsek verses Chemical tracers or dyes . Requires no chemicals and leaves nothing extra in the water. . Electric tracer arrives instantly while chemical tracers require extended times to arrive. . Provides data on the path of the water, not just connectivity. . A collection point or well is not required to detect the arrival of the tracer. 
AquaTrack verses ConventionaJ EM geophysical surveys . AquaTrack incorporatkthe water of interest into the primary circuit, conventional EM 

uses an antenna to produce secondary effects in the target water. . AquaTrack measures the primary field produced by the target, while conventional EM 
measures both the primary field of the antenna and weaker secondary fields produced by 
the target. . AquaTrack screens secondary fields to eliminate interference. In conventional EM the 
receiver electronically separates all weaker secondary magnetic fields from the stronger 
primary field, providing data on all conductors in the area. . AquaTrack's primary signal is produced only by conductors directly in contact with the 
circuit, while every conductor in the ground produces a signal for conventional EM. 

How does the technology work: 
AquaTrack relies on the creation of a large single electric loop, which includes the water being 

mapped. When this is energized with an AC current, it becomes analogous to a single turn transformer. 
The theory that applies to such a transformer, applies to this AquaTrack circuit. 

To build the AquaTrack circuit, an AC transmitter is connected by wire to two electrodes. The first 
electrode is placed in direct contact with the water to be tracked. The second electrode provides a path for 
the current to return. Since the groundwater is a relatively good conductor, compared to rock or soil, the 
current will follow the water as far as it can to complete the circuit. To track water between two known 
points, such as a between a monitoring well and a seep, both electrodes can be placed in contact with the 
water. When only one electrode is in contact with the water, the current must leave the water at some point 
to find the best path available to the other electrode. For this reason, the second electrode generally 
consists of multiple electrodes placed to allow the current to find an easy path toward it. An all metal fence 
that is known orsuspected of crossing the underground path of the water becomes a perfect second 
electrode. For conventional geophysical approaches, no direct contact is made with the feature being - . .  
studied. The primary circuit is the antennaand the primary field generated produces no informationon the 
study area, just interference that must be corrected for. 

By using the water of interest as part of the primary circuit, the magnetic field produced by the water 
will provide information on the location, depth, and shape of the water channel. For example, a broad flat 
channel of water will carry current in the same way as a large number of wires connected in parallel. A 
narrow chamel, such as water in a plastic pipe, will produce a magnetic field much like a single wire. 

Shallow channels produce sharper drops in field strength than deeper channels. 

Broad channels produce flatter fields than nartow channels, which will tend to produce peaks. 
Multiple channels produce a series of highs, or peaks, in the data. 

Field strength falls off slower with deep channels than with shallower channels. 

Hvdro Gcosciences Ioc. 
825 South 5'WM 
POBOX701290 
saltLnkcCity.m 84170-I290 

(801) 595-8881 6x (80\) 595 8885 2 
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FIRST ROUND OF WELL SAMPLING AND INITIAL FOUR ENDROPUNCB 



DATA VALIDATION REPORT 
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GROUNDWATER DATA 

October 1998 - March 1999 

Prepared by 
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LIST OF APPENDICES 

Appendix 1: Tables 

Table 1. Data Validation Codes and Definitions 
Table 2. Summary of Flagged Data ' I a ~ ~ ~ e n & x  2 Database 



CCB ............... Continuing Calibration Blank 

CCV ............... Continuing Calibration Verification 

................ CLP Contract Laboratory Program 

CRDL ............ Contract Required Detection Limit 

FAA .............. Flame Atomic Absorption 

GFAA ............ Graphite Furnace Atomic Absorption 

HGAA ........... Hydride Generation Atomic Absorption 

ICB ................ Initial Calibration Blank 

................. ICP Inductively Coupled Plasma 

ICP-MS .......... Inductively Coupled Plasma - Mass Spectrometry 

ICV ................ Initial Calibration Verification 

IDL ................ Instrument Detection Limit 

................ LCS Laboratory Control Sample 

.............. MSA Method of Standard Additions 

PB .................. Preparation Blank 

............... PDL Project Detection Limit 

............. QAPP Quality Assurance Project Plan 

QC ................. Q uality Control 

............... RPD Relative Percent Difference 

............... RSD Relative Standard Deviation 

SOW .............. Statement of Work 

TDS ............... Total Dissolved Solids 



Groundwater samples collected for the Everett Lowland Investigation from October 1998 

through March 1999 have been reviewed in accordance with the EPA's data validation guidelines 

@PA. 1994) and the project work plan (Hydrometrics, 1998). It should be noted, however. that 

the CLP requirements for this project have been dropped on Ecology's approval. ~ a t a  validation 

included the evaluation of both laboratory and field quality control samples. Associated sample 

results were flagged for any QC samples that exceeded quality control limits. Data validation 

codes used as flags are defined in Table 1 in Appendix 1. A complete listing of flagged data 

including the reason for each flag is in Table 2 in Appendix 1. The sample database is in 

Appendix 2. 

This repon covers data from the following samples: 

. One hydropunch sample collected on October 1, 1998. This sample was analyzed at 
Sound Analytical Services laboratory in Tacoma, Washington. 

Eight hydropunch samples collected on February 9 and 10, 1999. These samples 
were analyzed at Asarco's Technical Services laboratory in Salt Lake City, Utah. 

Forty-three samples collected at monitoring wells on March 1-5 of 1999. These 
samples were analyzed at Asarco's Technical Services laboratory. 

Associated quality control samples (nine field duplicates, fifteen field blanks, and one 
field standard). 

Quality control violations resulting in the flagging of data are listed below. 
Nine field SC results were considered suspect after comparison with the laboratory 
SC and TDS results. For seven samples, the field SC results were considered -- . . -- 
unusable, and were therefore rejected. For the other two samples, both the field and 
laboratory SC results were flagged to indicate possible uncertainty in the resul~s. . 
This is discussed funher under Interparameter Relationships in Section 10. 

Exceedances on nine of the field duplicate measurements resulted in the flagging of 6 
carbonate, 15 total acidity, 4 total suspended solids, 19 sulfate, and 4 dissolved zinc 
values to indicate the possible lack of reproducibility. 

Detections in ten of the field blanks resulted in the flagging of 4 total suspended 
solids, 22 sulfate, 2 calcium, 17 dissolved zinc, and 7 total zinc values to indicate a 
possible high bias at low concentrations. 

Total zinc was detected in the preparation blank for laboratory batch L990256. Two 
total zinc results were flagged to indicate a possible high bias at low concentrations. 

. The laboratory duplicate for batch L990256 was out of control limits for dissolved 
zinc. Nine dissolved zinc results were flagged to indicate a possible lack of 
reproducibility. 



Laboratory delays in sample analysis resulted in holding rime exceedances for both 
chloride and sulfate. Holding time flags were attached to 58 sulfate and 19 chloride 
values to indicate that they may not be representative of the actual sample 
concentrations. 

It should be noted that not all quality control deficiencies are equally serious, and many may 

have no practical impact on the usefulness of the data. Arsenic, for example, is of particular 

concern for this project, and no arsenic results have been flagged. Overall project data quality 

objectives for precision, accuracy, and completeness have been met for the data covered in this 

report (see discussion in Section 17). 

Taken as a whole, this data set provides useful information for the Everett Lowland Investigation 

providing that the possible lack of reproducibility and possible biases indicated by the flags are 

taken into account. Overall. 99.3% of the data are considered usable; 93% of the data may be 

used without qualification; the rest of the data have been flagged with validation codes t o  assist 

in their interpretation. (Out of 2304 results, 155 were flagged; seven of these were rejected.) 

DATA VALIDATION REPORT 

Prepared by: Clare Bridge 
Reviewed by: Jenny Vanek 



DATA VALIDATION REPORT 

1. INTRODUCTION 

This validation applies to inorganic analytes from 77 groundwater samples collected 
for the Everett Lowland Investigation from October 1998 through March 1999. The 
total number of samples included: 

9 hydropunch samples (groundwater) 
43 groundwater samples from monitoring wells 
15 field blanks (8 DI blanks and 7 rinsate blanks) 
9 field duplicates 
1 field standard. 

Validation procedures used are generally consistent with: 
(Check all that apply) 

- EPA CLP National Functional Guidelines for Inorganics Data Review 
X Work Plan -- 1998 Supplemental Remedial Investigation for the - 

Lowland Area Everett Smelter Site, Everett, Washington. June 1998 
- Other 

Overall level of validation: 
- Contract Laboratory Program (CLP) 

X Standard - 
- Visual 
Notes: Originally the Everett Lowlands Investigation was undertaken as a 
CLP project. Subsequently, the CLP requirement was dropped with Ecology 
approval. The validation consisted of the following: The frequency and values 
were checked for both field and laboratory quality control samples. Results 
were not verified in the raw data. Non-QC sample results were flagged for any 
field or laboratory quality control exceedances. Data quality objectives for 
precision. accuracy, and completeness were evaluated as required by the 
project work plan. 

All laboratory document deliverables were present as specified in the CLP-Statement 
of Work (CLP-SOW), EPA, 1993 andlor the project contract. 

X Yes - 
- No 

All documentation of field procedures was provided as required. 
X Yes - 
- No 
Notes: There were a number of inconsistencies in the field notes A d  in the 
project site codes. These were resolved during the validation process. 



3. FIELD QUALITY C O ~ O L  SAMPLES 

The majority of the samples were collected in March 1999. There were two sampling teams 
on three of the sampling days; these teams submitted separate sets of quality control 
samples. For flagging purposes, field quality control samples were associated as follows: 
March 1. Grouo 1 
EVT-9903- 100 
EVT-9903-102 

March 1, Grouo 2 
EVT-9903-101 

EVT-9903-12 1 EVT-9903- 106 
EVT-9903-122 EVT-9903- 107 
EVT-9903-159 (Dup of 122) EVT-9903- 108 
EVT-9903- 160 (DI) EVT-9903-148 (Dup of 105) 
EVT-9903-161 (Rinsate) EVT-9903-149 (Dl) 

EVT-9903- 150 (Rinsare) 

March 2. G r o u ~  1 
EVT-9903- 103 
EVT-9903- 104 
EVT-9903- 1 16 
EVT-9903- 1 17 
EVT-9903-118 
EVT-9903-123 
EVT-9903-124 
EVT-9903-125 
EVT-9903-128 
EVT-9903-129 
EVT-9903-162 (Dup of 103) 
EVT-9903-163 (DI) 
EVT-9903-164 (Rinsate) 

March 3 
EVT-9903-126 
EVT-9903-127 
EVT-9903-130 
EVT-9903- 13 1 
EVT-9903-165 
EVT-9903-166 (Dup of 130) 
EVT-9903-167 (DI) 
EVT-9903-168 (Rinsate) 

March 2. Grouo 2 
EVT-9903-109 
EVT-9903-110 
EVT-9903-111 
EVT-9903-112 
EVT-9903-113 
EVT-9903-115 
EVT-9903-119 
EVT-9903- 120 
EVT-9903-15 1 (Dup of 1 10) 
EVT-9903-152 Wnsate) 
EVT-9903-153 (DI) 

March 4 
EVT-9903- 172 (Standard) 



March 5 .  Group I 
EVT-9903- 133 
EVT-9903- 136 
EVT-9903-137 
EVT-9903- 138 
EW-9903-139 
EW-9903-140 
EVT-9903- 14 1 
EVT-9903- 142 
EVT-9903-169 (Dup of 139) 
EVT-9903-170 (DI) 
EVT-9903-17 1 (Rinsate) 

March 5 ,  G r o u ~  2 
EVT-9903-135 
EVT-9903- 144 
EVT-9903-145 
EVT-9903-146 
EVT-9903-147 
EVT-9903-154 (Dup of 147) 
EVT-9903-155 (DI) 
EVT-9903-156 (Rinsate) 

Blanks: Please note that the highest blank value associated with any particular analyte is the 
blank value used for the flagging process. 

DI, trip, rinsate, or any other field blanks have been carried out at the proper 
frequency. 

X Yes -For the monitoring well samples. - 
X N o  - For the hydropunch samples. 
Notes: 

No field quality control samples were submitted with the 
hydropunch sample collected on October 1, 1998. 

Only one blank was submitted with the hydropunch samples 
collected on February 9 and 10, 1999. 

Reported results on the field blanks are less than the contract required detection 
limits (CRDL) or the project detection limits (PDL) if these have been 
specified. - .-. 
- Yes 

X No - 
Notes: Blank exceedances and flagging are summarized in the following tabie: 



Notes: When an analyte is detected in a blank, associated results up to 5 times 
the blank level are flagged to indicate that the results may be biased high due to 
contamination. Results "associated with a field blank are generally results for 
samples collected on the same day as the blank. 

Since only one blank was submitted with the February hydropunch samples, 
the blank was applied to samples collected on both days. 

Flagging: UJ, 



Field duplicates 
Field duplicates have been collected at the proper frequency. 

X Yes - The exception is noted below. - 
- No 
Notes: No field quality control was submitted with the hydropunch sample 
collected on October 1, 1998. 

Field duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20% or less for water matrix). If the sample or 
duplicate result is less than 5 times the PDL, the RPD criteria are not used. In 
these cases, the difference between the sample and the duplicate results must 
be within + the PDL for water matrix. 
- Yes 

X No - 

Notes: These flags suggest variability in sample results due to the combined 
effects of variations in field sampling techniques, sample preparation, and 
laboratory analytical procedures. 

MW-107D2 

MW-103D(W) 

Flagging: JmJ, 

03/03/99 

03/05/99 

EVT-9903-148 

EVT-9903- 130 
EVT-9903- 166 
EVT-9903-139 
EVT-9903- 169 

Sulfate 
Sulfate 

Tola1 acidity 

18126 
5.01 7.6 

661 52 

36% RPD 
difference > 2 

I ppm 
24%RPD 

8 
6 

. -  7 



Field standards 
Field standards were sent at the proper frequency 

X Yes - 
- No 

Percent recovery on the field standards was within control limits (80-120% for 
water, within the certified range for soils). 
X Yes - 
- No 

Laboratory procedures followed 
- CLP-SOW 
X SW-846 - 
- Methods for Chemical Analysis of Water and Wastes 
- XRF Standard Operating Procedures 
- Other 

Holding times met 
- Yes 

X No - 
Notes: Holding times were exceeded for 58 sulfate results and 19 chloride 
results. These results were flagged to indicate that they may not be 
representative of the actual sample concentrations. 

Flagging: JflJ ,  

Consistency with project requirements 
Analyses were carried out as requested. 

X Yes - For TSC - -- 
X No - For SAS % _  - - 

Notes: One hydropunch sample (from HP-45D) was analyzed at Sound 
Analytical Services (SAS) in Tacoma, Washington. SAS omitted the analyiis 
of laboratory pH and SC; also, no result for total acidity was reponed, as the 
lab noted that they had obtained a negative result. With some exceptions. SAS 
did not meet the project detection limits. 

Project specified methods were used. 
X Yes -For TSC - 
X No - For SAS - 

Notes: At SAS, all metals were analyzed using the ICP 6010 method; the 
laboratory did not use a more sensitive method where necessary in order to 
achieve project detection limits. 



5. DETECTION LIMITS 

The following table lists the laboratory's reporting level by analytical method and compares 
it to the project detection limit (PDL). 

* The ICP method 200.7 was replaced by the ICP method 6010 when the CLP requirement -- 
. - 

was removed from the project. . . 

** SAS: Sound Analytical Systems laboratory in Tacoma, Washington. 
*** TSC: Asarco's Technical Services ~ente;'laboratory in Salt Lake City, Utah. 

**** In the project work plan, there were two tables listing parameters, methods, and detection 
limits for the project: Table 2-3 on page 2-21 of the work plan, and Table 1-2 on page 1- 
17 in Appendix C of the work plan. These two tables were not consistent with each 
other. According to the project manager, the laboratories were provided with both 
tables. Therefore, where there were inconsistencies. the PDL listed here is the least 
restrictive. 



Reponing detection limits met project detection limits (PDLs). 
- Yes 

X No - 
Notes: As shown in the preceding table, reporting detection limits did not 
meet the project detection limits for sulfate. 

Instrument detection limits (IDLs) were provided by the laboratory. 
- Yes 
- No 

X NA - Not required for the project. - 

Please note that the highest blank value associated with any particular analyte is the blank 
value used for the flagging process. 

Preoaration blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

X Yes - 

All the analytes in the preparation blank were less than the CRDL (or the PDL 
if a project detection limit has been specified). 
- Yes 

X No - 
Notes: Batch L990256 preparation blank measured 0.006 ppm for total zinc. 
Associated total zinc results up to 0.030 ppm were flagged to indicate possible 
high bias due to blank contamination (2 flags). 
Flagging: UJ, 

A matrix spike sample (pre-digestion) h a s  analyzed for each digestion batch andior 
matrix, or as required in the CLP-SOW. 

X Yes - 
- No 

Matrix spike recoveries were within the required control limits (75-125%). 
X Yes - 
- No 



8. LABORATORY DUPLICATES 

Laboratory duplicate samples were analyzed at the proper frequency. 
X Yes - 
- No 

The laboratory duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20% or less for water matrix, 35% or less for soil matrix). For 
low concentration data, that is if the sample or duplicate result is less than 5 times the 
PDL, the RPD criteria c i ~ e  not used. In these cases, the difference between the sample 
and the duplicate results must be within + the PDL for water matrix, and within r 2 
times the PDL for soil matrix. 

- Yes 
X No - 

Notes: For laboratory batch L990256, the laboratory duplicate for dissolved 
zinc was out of control limits with an RPD of 40%. Nine dissolved zinc results 
from the same laboratory batch were flagged to indicate a possible lack of 
reproducibility. 

Flagging: JJ UJ, 

The reference material used was of the correct matrix and concentration. 
X Yes - 
- No 

LCSs were prepared and analyzed at the proper frequency 
X Yes . . - 
- No 

-- -.. . .- LCS recoveries were within the required control limits (80-120% for water, within the 
certified range for soils). 

X Yes . .. - 
- No 



10. INTERPARAMETER RELATIONSHIPS 

The following relationships have been checked: 
X T o m i s  metals. - 

X Lab pH vs field pH - 
X Lab SC vs field SC - 
X T D S  vs SC. 
- Arsenic speciation/dissolved arsenic. 

TotlDis metals: If the dissolved metals result is greater than the total metals, 
the two results are evaluated by the same criteria used for evaluating duplicate 
samples. For samples where the concentrations are greater than 5 times the 
PDL, the relative percent difference (RPD) between the dissolved and the total 
result should be 20% or less; for samples where the concentrations are less 
than 5 times the PDL, the difference between the dissolved and total results 
should be within t the PDL for water matrix. 

This relationship was generally in order. The exceptions are listed in the 
following table (results are in ppm). 

Lab p H  vs field pH: These two parameters are compared by calculating the 
percent difference. This relationship was generally in order. The percent 
differences were distributed as follows: 

Less than 10% difference ................. 32 
From 10 to 15% difference .............. 8 
From 15 to 20% difference .............. 4 
Greater than 20% difference ............ 1 

With one exception, field pH values were less than lab pH values: The 
exception was for EVT-9903-145 collected at MW-108S(W). where the 
field pH was 6.43. the lab pH was 3.4. and the percent difference was 
47%. The increase in the acidity of the sample may be due to iron 
precipitating out; when the lab analyst checked this sample at the end of 
May 1999. the pH was near 3. and the sample contained orange 
particulate matter. 

Site 
EVdA 
EV-22B 

In the reducing environment of groundwater, iron exists as ~ e ' ~ .  When 
the water is pumped out of the well and comes in contact with the air, 
some of the iron is oxidized to ~ e " .  In this form, iron reacts with water 
to form iron hydroxide,which precipitates out as an orange precipitate as 
shown is this reaction: 2 ~ e "  + 6H20 -r 2Fe(OH),I + 6H+. The 
hydrogen ions produced in this reaction will lower the pH in the sample. 

Total I Criteria 
0.039 ( 84% RPD 
0.032 1 186% RPD 

Sample # I Analyte 
Em-9903-101 Arsenic 
EVT-9903-127 I Arsenic 

Dissolved 
0.095 
0.880 



Lab SC vs field SC: These two parameters are compared by calculating the 
percent difference. The percent differences were distributed as follows: 

Less than 10% difference ................. 16 
From 10 to 20% difference .............. 16 
From 20 to 40% difference .............. 4 
Greater than 40% difference ............ 9 
The nine samples with percent differences greater than 40% are listed in 
the following table. Note that for seven of the samples (results shown in 
boldface), there is an approximate factor of ten difference between the 
lab and the field SC readings, indicating a possible error in reading the 
meter. 

* Percent difference, rounded to nearest percent. 

Since the laboratory SC analyses involve measurements of standards as quality 
control. and since the ratios of TDS to laboratory SC were within the expected 
ranges. the laboratory SC readings were accepted as reflecting the actual 
sample values. The field SC results for the seven samples were flagged to 
indicate that these values are considered unusable, and have therefore been 
rejected. -- 

..~ . - 
Flagging: R 

For the samples collected at MW-IOZS(W) and MW-108S(W), the laboratory 
SC result was in line with the TDS value. In these two cases. however, there 
was no clear factor of ten between the field and laboratory SC values; also, 
considering the field and laboratory pH values for these two samples, the 
discrepancy between the field and laboratory SC values may reflect real 
chemical changes occumng in the samples over time. Both the laboratory and 
field SC results were flagged to indicate the high percent difference and the 
possible rime-dependent uncertainty in the values. 
Flagging: 1, 

TDS vs SC: The ratio of TDS to SC should lie between 0.55 and 0.75. In 
natural waters with high sulfate, the ratio may be as high as 0.96. This ratio is 



intended to be a check on the accuracy of the TDS and SC measurements. (It 
should be noted that these measurements are less accurate in dilute waters.) 
This relationship was generally in order. with all TDS to SC ratios between 
0.54 and 0.91. Out of 5 1 samples where both TDS and lab SC were measured, 
eight samples (16%) had ratios greater than 0.75. 

Project data quality objectives (DQO's) m e t  
X Yes - 
- No 

Accuracy 
The target accuracy for this project is for at least 90 percent of the laboratory 
spikes and laboratory control samples to be within control limits. This goal 
was met: one hundred percent of both of these quality control sample types 
were within control limits. 

Precision 
The target precision for this project is for at least 90 percent of the field and 
laboratory duplicates to be within control limits. This goal was met: 95 
percent (222 out of 234) of field duplicate measurements a i d  99 percent (148 
out of 149) laboratory duplicate measurements were within control limits. ~. 

Completeness 
The target completeness for this project is "assessment of at least 90 percent of 
the sample analyses as 'valid'." A 'valid' result is one that has not been 
flagged as rejectkd (R) or anomalous (A). 

Overall, this goal was met: 99.7 percent of the results were considered to be 
valid (2297 out of 2304 results). Considering field SC alone. however, the -- 

-.. . -- 
completeness goal was not met. Of a total of 46 field SC measurements, seven 
were rejected. Completeness for field SC was 85 percent. 
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APPENDIX 1 

TABLES 



TABLE 1. 

DATA VALIDATION CODES AND DEFINITIONS 

J - The associated numerical value is an estimated quantity because quality 
control criteria were not met. 

Subscripts for the "J" qualifier: 

2 - Calibration range exceeded or significant deviation from known value. 
Possible bias. 

3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 

UJ - The material was analyzed for, but was not detected above the associated 
value. 

Subscripts for the "UJ" qualifier: 

1 - Blank contamination. Indicates possible high bias and/or false positive. 
2 - Calibration range exceeded or significant deviation from known value. 

Possible bias. 
3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 

R Quality control indicates that the data are unusable (compound may or may not 
be present). Resampling and/or reanalysis is necessary for verification. 

A Anomalous data. No apparent explanation for discrepancy in data. (Not an 
EPA code.) 



Table 2. S u m m q  orFIngged D m  
Errrrtt  Lowlands lnvatigrtion: Groundwsltr, O m b r r  1998 lhrough March 1999 

HPd6D Em-9902-100 L9902561 02/09/99 TOTAL ACIDITY AS CACO3 23.0 J4 Ficld duplicate. diffexncs >r 0.010 ppm 
0.06 J4 Ficld duplicnte. difference >r 0.020 ppm 
0.06 14 Lab duplicrtc. 40% RPD 

ZINC (W)(DISl 
ZINC (ZN)(DIS) 

HPd6D (Dup) EVT-9902-101 L990256-2 02/09/99 TOTAL ACIDITY AS CACO3 49.0 J4 Field dupiicat~, diffcxncc x 0.010 ppm 
0.007 UJI Ficld blank. 0.009 ppm 
0.007 14 Ficld duplicne. d i f f m c c  x 0.020 ppm 
0.007 I4 Lab duplicate. 40% RPD 

ZINC RN)(DIS) 
ZINC (ZN)(DlS) 
ZINC (ZN)(DlS) 

HPd6S EW-9902-102 L9902563 W09199 TOTAL ACIDITY AS CAC03 
ZINC IZNI(D1SI 

178.0 J4 Ficld duplicate. diffcmncc x 0.010 ppm 
0.031 U11 Field blank. 0.009 ppm 
0.031 J4 Field duplicate. diffcmncc x 0.020 ppm 
0.031 14 Lab dupliutc. 40% RPD 

~. . . ~  . 
ZINC (ZN)(DIS) 
ZINC (W)(DlS) 

HPd7S EW-9901-103 L99025M 02/09/99 TOTAL ACIDITY AS CAC03 180.0 J4 Ficld dupliulc. d i f f m c c  x 0.010 ppm 
5.6 UJ1 Firld blank. 1.6 ppm 
0.1 14 Ficld duplicdte. difference >+ 0.020 pprn 
0.1 14 Lab duplicatc. 40% RPD 

SULFATE (504) 
ZINC (ZNXDIS) 
ZINC (W)(DlS) 

HPd7D EVT-9901.104 L9902565 WIW99 TOTAL ACIDITY AS CAC03 
SULFATE (S04) 
S W A T E  (S04) 
ZINC W)(DIS)  

31.0 J4 Field duplimc. 34% RPD 
6.3 UJI Fisld blank. 1.6 ppm 
6.3 14 Ficld duplicate. difference >+ l ppm 

0.006 UJI Fisld blank, 0.009 ppm 
0 . W  14 Lab duplius. 40% RPD ZINC (W)(DIS) 

HPd8S EW.9902-105 L9W2566 OUlO/99 TOTAL ACIDITY AS CAC03 
SULFATE (Sod) 

120.0 14 Fisldduplicns. 34% RPD 
3.9 UJI Field blank, I d  ppm 
3.9 14 Fisld duplicatc. diffcrcncc >+ 1 ppm 

0.01 1 UJI Ficld blank 0.009 ppm 
0.011 J4 Lab duplicate. 40% RPD 
0.017 UJI Field blank. Zn(D) u 0.009 ppm 
0.017 UJI Lab p p v r u o n  blank, 0.W6 ppm 

SULFATE (SO41 
ZINC (ZNXDIS) 

HPd8S (Dup) EW-9902-106 L9902567 W 1 W  TOTAL ACIDITY AS CACO3 
S W A T E  1504) 

170.0 14 Fidd duplintc. 34% RPD 
2.3 UJI Field blank, 1.6 ppm 
2.3 J4 Field dupliutc. diff-ce x 1 pprn 

0.017 UJI Field b U  0.009 ppm 
0.017 J4 Lab duplicate. 40% RPD -- 
0.013 UJI Field blank Zn(D) n10.009 ppm .. . .- 
0.013 UJI Lab pprcparauon blank. 0.006 ppn 

ZINC (ZN)(DIS) 
ZINC (ZN)(DIS) 
ZINC (ZN)CTOT) 
ZINC (WXTOT) 

HPd8D EW-9902-107 L9902568 OU10199 TOTAL ACIDITY AS CACO3 
S W A T E  (S04) 

12.0 14 Fieldduplicate. 34% RPD 
3.4 UJ1 Fisid b k k .  1.6 ppm 
3.4 J4 Fieldduolicrts. diffcxncs>r l oom S W A T E  (SCd) 

ZINC W)(DIS)  
ZINC (ZN)(DIS) 

. . 
0.0ll UJl ~ i d d  blah.  0.009 ppm 
0.01 1 14 Lab duplicate. 40% RPD 

Dl BLANK EVT-9901-108 L9907.56-9 OUIW99 SULFATE (S04) 
ZINC (W)(DIS) 

1.6 14 Fieldduplicatc. diSfm55 x l ppm 
0.009 14 Lab duplicate. 40% RPD 

EV-3 EW-9903-100 L990355-1 03/01/59 TOTAL SUSPENDED SOLIDS 
SULFATE (Sod) 
SULFATE (SCd) 

120.0 14 Field duplicate. diffcmcc >+ 10 ppm 
29.0 UJI Ficld blank 6.8 ppm 
29.0 13 HoldTimc. 30 dayr 

EVdA EVT-9903-101 L9W355-2 03101/59 CARBONATE AS C03 
SULFATE (SCd) 

I .  UJ4 Ficlddupliwte. U% RPD 
Y.0 13 Hold Timc. 30 days 
54.0 14 Ficldduplicate. 36% RPD SULFATE (SW) 

EVdB EW-9903-102 L990355-3 03/01/99 SULFATE (S04) 70.0 J3 Hold Timc. 30 dayr 

EV4A EW-9903.103 L99035- O3IOM9 TOTAL SUSPENDED SOLIDS 6.2 UJI Firld bl& 2.2 ppm 
57.0 J3 Hold Time. 29 dayr SULFATE (SW) 

EV-6B EW.9903-104 L9W35S.S O3IW99 SULFATE (Sod) 





Tnblr 2. Summsry of flag@ Dam 
Everett Lowl.n& Invertigation: Groundwater, October 1998 through March 1999 

Silr Sample No Lab No Date Pnnmctcr 

EV-228 EW-9903-127 L990355-27 03/03199 SC (FLD)(pmhor per cm) 
SULFATE (SW) 

510 R Ten timer farnor. Comparison lo lab SClndTDS 
33.0 J4 Field duplicnte. 41% RPD 

EV-23A EW-9903.128 L9W355-28 0 3 m 9  SULFATE (SD4) 
SULFATE (SW) 

5 9  UJI Ficld blnk. 2.8 bpm 
5.9 J3 Hold Timc. 29 days 

EV-?.3B En-9903-129 L9W355-29 03/MR9 SWATE(SD4)  
S W A T E  (S04) 

13.0 UJI Fisld blank. 2.8 ppm 
13.0 13 Hold Timc. 29 days 

MW-107D EW-9903.130 L990355-30 03/03/99 SWATE(SD4)  
S W A T E  (S04) 

5.0 UJI Ficld blank. 2.6 ppm 
5.0 14 Fidd duplicate. 41 % RPD 

MW-109D EVT-9903-131 L990355-31 03/03/99 S W A T E  (SO41 24.0 14 Ficld duplica!c. 41% RPD 

MW-5(W) EVT-Wo3-I33 L990390.2 03/05/99 S W A T E  (S04) 
S W A T E  (S04) 
CHLORDE ( a )  
ZINC (PI)(DIS) 

11.0 UJI Field blank.3.2ppm 
11.0 J3 Hold time. 33 dayr 
18.0 J3 Hold tim5 42 days 

0.006 UJI Ficld blank. 0.105 ppm 

MW-'I(W) En-9903-135 L990390.3 O3IM199 S W A T E  (S04) 
CHLORIDE ( a )  
w C  GNXDIS) 

101.0 13 Hold tims. 33 dayr 
3.0 13 Hold timc. 42 days 

0.012 UJI Ficld b M  0 . W  ppm 

W-B(W) EVT-9903-136 ~ 9 9 0 3 ~  03105199 CALCIUM (a) 
S W A T E  lS04l 

6.7 UJI Ficldblnk. l.9ppm 
19.0 13 Hold timc. 33 dayr 
92.0 13 Hold time. 42 days 

O.W UJI Ficld blank. 0.105 ppm 

M W - I M S O  EW-9903-137 L990390.5 03105199 SC FLD)(whos pcr cm) 
SC (LAB)(lrmhos pr 
TOTAL ACIDITY AS CAC03 
warn (CAI 
S W A T E  (SO41 
CHLORIDE (CL) 
w c  W)(DlS)  
mc  W)(TOT) 

Comparison w h b  SC md TDS 
Comparison m lab SC and TDS 
field duplicate. 24% RPD 
Fidd b M  1.9 ppm 
Hold time. 33 dayr 
Hold time. 42 days 
Ficld blank. 0.105 ppm 
F a d  blnnl; W D )  uO.lO5 ppm 

Tm times factor. Compuiron lo lab SC and TDS 
- ,  

Ficldduplicnc. 24% RPD - .  . .- 
Hold lime. 33 days 
Hold timc. 42 days 
Ficld blank. 0.105 ppm 
Fidd blank. Zn(D) .10.105 ppm 

UJI 
J3 
I3 

MW-103S(W) EVT-9903-138 L990390.6 03105199 SC (FlD)(whor pcr cm) 
TOTAL ACIDrrY AS CAC03 
S W A T E  15041 

R 
J4 
13 
J3 

UJI 
UJI 

MW-103D(W) EVT-9903.139 L990390.7 03105199 SC (FLD)(pmhor pcr cm) 
TDTAL ACIDITY AS CACO3 
S W A T E  (S04) 

208 R Tcn timer factor Cornpison to lab SC and TDS 
66.0 J4 Fidd duplicate. 24% RPD 

218.0 J3 Hold lime. 33 days 
388.0 13 Hold urns. 42 days 
0.014 UJI Ficld b M  0.105 ppm 

MW-IMS(W) EW-9903-140 L990390.8 03/05/99 SC (M)(pmhos  pcr cm) 
TOTAL ACIDITY AS CACO3 
S W A T E  (504) 

Tcn timer factor. bmpuison to lab SC md TDS 
Ficld duplicate. 24% RPD 
Hold ems. 33 days 
Hold timc. 42 dayr 
Fidd blank. 0.105 ppm 
Fisld bl& Zn(D)atO.I05 ppm 

CHLORIDE ( a )  
ZINC (W)(DIS) 
mc (PI)(TOT) 

MW-IO5SO EW-9903.141 L990390.9 03105199 TCITAL ACIDITY AS CACO3 
SULFATE (S04) 
CHLORIDE (CL) 

Ficld duplicate. 24% RPD 
Hold timc. 33 dayr 
Hold time. 42 days 

MW-lOSD(W) EW-9903-142 L990390.10 OM5B9 SC(FLD)(pmhor pcrcm) 
TOTAL AClDiTY AS CACO3 
SULFATE (S04) 

Ten timu factor. Comparison 10 lab SC md TDS 
Ficld duplicate. 24% RPD 
Hold tims. 33 dnyr 



T.blc2. Summnry orFIageed Dau 
E v e n 1  Lowlands Invatigation: Groundwater. Octolxr 1998 lhmuph March 1999 

MW-IOSDO E V T - ~ 3 - 1 4 2  ~ ~ 3 ~ 1 0  03105199 CHLORIDE(CL) 
ZINC (ZNWDIS) 

720.0 13 Hold timc. 42 days 
0 . a  UJI Field blank. 0.105 ppm 

MW-I07S2(W) EW-9903-144 L9W39C-11 03105199 SULFATE (Sod) 
CHLORIDE l a )  

96.0 13 Hold timc. 33 d;yr 
9.0 13 Hold timc. 42 davr 

O.M8 UJ1 Ficld b h k .  0 . k  ppm 
0.01 UJ1 RsId blank.0.007 ppm 

Comparison to lab SC m d  TDS 
Comparison to lab SC md TDS 
Hold umc. 33 days 
Hold time. 42 days 

Hold umc. 33 days 
Hold time. 42 dayr 
Ficld blank, 0.007 ppm 

15.0 13 
0.01 UJI 

M W - 1 W S O  E W - ~ 3 . 1 4 7  ~ 9 9 0 3 ~ 1 4  03/05199 SWATE (SW) 
CHLORIDE ( a )  

Hold umc. 33 dayr 
Hold umc. 42 days 

EV-7A (Dup) EW-9903-148 L990355-32 03/01/59 TOTAL SUSFZNDED,SOLID 
CARBONATE AS C03  
S W A T E  (SO41 

6.5 UJI 
30.0 14 
26.0 UJ1 
26.0 13 
26.0 14 

FicIdbblank,3.1 ppm 
Fielddupliuts. 55% RPD 
Ficld blank. 6.7 ppm 
Hold Time. 3Odays 
Ficld duplicate. 36% RPD 

.~ ~ 

SWAE ( s m i  
SULFATE (S04) 

 SATE EW-9903.149 ~990355-33 O ~ ~ I F Y P  SULFATE(SW) 
SULFATE (S04) 

Hold'lims. 30 dayr 
Field duplicate. 36% RF'D 

Dl BLANK EW-9903-150 L990355-34 03101199 S W A T E ( S 0 4 )  
SULFATE (S04) 

Hold Time. 30 days 
Rcld duplicacc. 36% RF'D 

N - 9 B  (Dup) EW.9903-151 L990355-35 03102199 SULFATE (S04) Hold Timc. 29 dayr 

RINSATE EW-9903-152 L990355-36 0310259 S W A T E ( S 0 4 )  

Dl BLANK EW-9903-153 L990355-37 03mM9 S W A T E  (S04) 

HoldTlme. 29 dayr 

Hold Time. 29 days 

MW-lOS(W)mUp) EW-9903-154 L99039C-15 03mV99 SULFATE(S04) 
CHLORIDE ( a )  

Hold umc. 33 dayr 
Hdd umc. 42 drys 

Dl BLANK EW-9903-155 L99039C-1 03105199 S W A T E  (S04) 
CHLORIDE ( a )  

Hold omc. 33 dayr 
Hold lime 42 days 

RINSATE EW-9903-156 L99039C-16 03105199 S W A T E ( S 0 4 )  
CHLORIDE (a) 

Hold time. 33 days 
Hold dme. 42 days 

EW-9903-159 L990355.38 03/01/99 TOTAL SUSPENDED SOLIDS 
S W A T E  (504) 

Field duplicate, diflcmcc x I0  ppm 
Hdd Time. 30 dsyr 

Dl BLANK EW-9903-160 L990355-39 03101199 TOTAL SUSPENDED SOLIDS 
S W A T E  lS04) 

Rsld duplicate. diffmnrr x 10 ppm 
HoldTimc. 30 days 

RINSATE Em-9903-161 L990355-40 03101199 SULFATE(S04) HddTimc. 30dayr 

EV-6A (Dup) EW-9903-162 L990355-41 0 3 m 9  TOTAL SUSPENDED SOLIDS 
SULFATE (504) 

Field b M  2.2 ppm 
Hdd Tim+ 29 dayr 

3.9 UJI 
54.0 J3 

Dl BLANK ~w.9903.163 L99035Sd2 03102199. S W A T E  (504) Hold Timc. 29 days 

RINSATE EW-9903-164 L990355.43 03102199 S W A T E  (SM) HddTimc. 29 dayr 

Reld dupliate. 41% RPD 



IWJOJ YO-n a~u ~~aa nrauu.~ a,.,, 0~a.q ON *ldu.s 011s 



APPENDIX 2 

DATABASE 



Sir. Nanm Sic. Type Il.v.tion *P M.11 D.pLD 



- -  PWSIUUI P I I u I ( . R p I  - -  
D F ~  m unrra -L Iperrr 

OIYCE4 101 ( M I  

PH IFLDI 

PK 

SUINITI IC/KC1 I M I  
SC 1-S/PI &T 25 Cl 

SC ItX-XDS/U &T 1 s  Cl IMI 
mr I- rr 180 cr 
mu IDPPBLmhD SOLIDS 

W l D I T I  IrnI 
YAIEP T m P P P A I W  ICI IPYII 

- -  war( CONsTImBKIS - -  
m 1 m  IUI D1S 

ILLOreSIGU llCil DIS 

SWIVll 1lL41 DlS 
KrTASSIm 1x1 DIS 

mu U n L I H I I I  N m m 3  

m u . ) s m m  u UCOI 
BIClsdOrnlZ IHrnIl 

CmXoHITE u m 3  

SuL?litX ISM1 

-- mX.5 L MINOR COLISTlrrmh - -  
-mIC lNl DIS 

W M I C  Imsl m 
m m  1-1 PIS 

m m  Irnl m 
-rDW lCPI 018 

CI(DCI(I~ 1m1 m 
COPPER IWI DIS 
COPPm IN1 X)5 

LBLD IPBI DII 
LBlD IPBI m 
ZlNC lyll DIS 

ZlNC lyll TOI 

m s :  h11 r.sult. in W/L 1uar.11 or -/kg Isoil1 un1.s. nored and are ~lmr.rory I W I  un1.s. tieid ( M I  or s.1cul.r.d Lml 
~T:TOL.I; OIS:D~.SOI~~: ~C:TOL.I n.~~v=rable; e:~s~iea=.d; . : i r s s  mr.cr. BI-: p.r-r.r nor r..r.d 
ValldlLion slag.: I:Am-lOU.2 W l : n l u U ~  J1.Wl:  Sturdlrd; J3:Hold 7i-; J4.LWl:hlplicaL.. Spike. or Split XXC=.bmc.: 

n.:aejmcc.d. 

rgmrpt3 -1.0 06/95 w i n g  .:\.L.LoYL\\NWO~.DBP P.3. 1 Ilydrrarlric.. mc. 05/21/99 



N e w  - AsAnm. s*.r.rr 1.1 r a r e r  

W - L A  

03/02/11 

15 :10  

TSC-SLC 

L990155.41 

DWLXUTE 

BYI-9901-161 

- -  PKISlCU.  P U U I l e n l l S  - -  
DEPM m ~ ~ r a n  L ~ L  I F E ~  

OXrnSN 101 I r n I  

PW IFLnl 
P" 

SALINITY IC/KCl IPLDI 

SC I W O S / W  kT 25 CI 
SC l W O S / W  AT 1 5  CCI IPYII 

ms ~ n u s U a E l  AT i s o  CI 

mu s u s ~ m m  SOLIDS 

r n I D I r ,  I r n l  
"&BR r n P r n T r m B  ICI I r n I  

- -  w o i l  m w n I N n r n  - -  
W I U I  1 U I  DIS 

IumXPIOII  1Ic.l D l 5  

SODIOII lHLl DIS 

POTISSIOII 1x1 DIS 

'101- U W I N I T I  IS L S O 3  

&CIIIITI IS L S 0 3  

B1ULBONB.n I R ~ I I  

~ O N I n  IS m 3  

PVLNiTE I S M )  

W W I C  iA.51 DIS 
W W I C  (As1 m 
u m r m  1 m 1  DID 

CUIIIUI ( m j  m 
PIPLIIIUI ICPI DI6 

CWWIUI I ~ I  m 
COPPER I N 1  DIO 

mssm INI m 
LUD lPBl D l 0  

LBLD lPBl m 
ZINC IYII DIS 

ZINC IlLNl 

wqrnrp.3 "1.0 06/91 using . : \ s ~ . ~ o u r \ \ ~ m w o l . ~ n r  P.9. a w-rri=s. snc. o5lli/99 



SITE CUDF 

SUIPLE D A I I  

S W P L l  n * P  

IAB 

LLB m h i l  

llBYUUS 
SUlPI.6 -En 

-. P H Y S I U L  PmAPlEmRS .. 
DEPM m * r m  L W ~ L  I ~ I F T I  

OXYGEN 101 1-1 

PH I M I  
PW 

SUINXTY IClV.1 ( M I  
S C  l W O S / U  AT 15 CI 

S C  lUIIROS/U AT 25 Cl 1-1 
ms 1nmsm.m AT 1 8 0  cr 
mU SUSP-ED SOLIDS 

m I D I n  1-1 

Y A m  'IQlPEF9.lImE ICI I M I  

-- - L M I N ~  mr r rnmm - -  
ARSENIC I S 1  D I S  

m E N 1 c  l L I l  m 
cuurm I ~ I  DIS 

UL*IW I m I  m 
CXPOIIIW 1-1 D I 5  

-MIm I r n I  'm-7 

c o P P n  I N )  DIS 

m P P m  I m l  m 
LPUl IPBI D l 5  

LYlD IPBI m 
ZINC I IHI  D I I  

ZINC I W I  XI1 

-5: ~ 1 1  r s s u l c *  i n  w/L I M a r e r l  o r  a l l k g  l s o i l l  uol... no=@ d .re l a r a r o y  1u.s) un1e.s f i . ld  I-) or c.1~1.L.b 1-1 

~ ; T D L . I ;  D~S:DI . .O~VC~;  m.c:m=al R.cw.=.bl.; I:B.LIDIL.~; r : ~ . .  m n  DoLscr. a ~ u * :  p a r u r t e r  nor r..r.d 
V a l i b r i o n  *lag.: a:ln-lm.: Wl:Blur*;  Jl.W1: S ~ U d . r b ;  J1:lold Ti-; J I . W I : D u p l i c . t ~ .  splk., o r  s p l i t  ~xs-s.; 
R:a.j.cred. 



- -  IUJOP -rr-r -- 
U C I U M  1-1 DIS 

M N I O l l  (ffil D l 5  

SODItM lW.1 D I S  

p(rrUEIOll 1x1 DIS 

mu ILKALIXm u urn, 
TGTU A C I D I n  N UCOl 

BlCUIBONLTE lHCO31 

ULBOXLTL N m 3  

SULPIE ISMI 

ARSENIC iA.51 D I I  

ARSMIC lNI m 
C I D * : ~  I ~ I  DIS 
m n m  I ~ I  m 

CWL011IUM ICRI D I S  
EMLDlllM lCR1 m 

COPPER lCOl DIS 

COPPER ICD) m - IPB1 DID 
LIUD lPBl Tm 

ZINC (I", DIP 

Z W C  IWI m 



.- V W S I U Y I  VUUYlh lWI i  - -  
DEPTH 70 Warn LKVKL lPKFI1 

o m w  I 01  I M 1  

PII ( M I  
PB 

S.UINITI ICIKGI IMI 
SC IrrrmOS/OI AT I5 CCI 

SC Irmtlosla AT 2s C l  IMI 
mr t n u r u a m  xr 1110 cr 
TDRL rnSPe-nKD SOLIDS 

m X D X l l  IKIWI 

U I r n  WIPhPLlQEE ICL I M 1  

-- W O E  CONsnTvp ITs  - -  
m x m  1011 D IS  

- S I m  1-1 D IS  

Dm- (,a> 01s 
P O T u l l m  1x1 D IS  

TDRL IWULrnITI As Urn, - A c m m  AS urn, 
BI-n 1 u m 3 1  

-la AS m 3  

SULPhIE I S M I  

- -  IW- ' *INOX C O r n I N B K I I  - -  
ULSBNlC I N 1  D IS  

W W l C  I N )  m 
UU*IILM I W I  D IS  

uO(Ism IWI m 
W X m  lCRl D IS  

C M O I I x m  1W.l m 
CDPPER ICWI D IS  

COsPKR I N 1  m 
LYY) IPBI D IS  

Lzm IDBI m 
ZINC IZNI DIS 

ZXYC IZNI m 

9 . 6  

,.o* 
5 . 1 1  

6.1 

0 . 2  

5'1.0 

605.0 

lll.0 

8 . 4  

3 .0  

I.' 



- -  PIPIPIUU. PUUIlPlPILS -- 
~ a m  m wrm L ~ V ~ L  I F I ~  

mniw 101 I M I  

PB ( M I  

DW 

S L X N I ~  IO/IGI I P W I  

PC ItJW+OS/DI AT 25 CC) 

6C lQK+OS/a( kT 2 5  Cl ( M I  

m s  ( m -  AT 1 8 0  CI 

m s u s p m m  SOLIDS 

r n l D I T I  I m I  

* A m  m m m  ICI l M l  

- -  WDR m ~ m m m m  - -  
C U C m  (CAI D1S 

W S I G W  1-1 DIS 

s m m  IAII D r s  
POMsnm 110 016 

ZOIUI ALuLIHIrf u c a m 3  

mu, ~ c x o m  u urn, 
BIcmEoIUm IRCU31 

cmEoWTB u m 3  

mr*m l S M l  

-LIDS l a ,  

UDllm I W I  m 
caKMIV( 1 0 1  11x1 

Qzc-Irn ICOI x.7 

mPPm I ~ I  DIS 

m w n  I ~ I  m 
LUD IPS1 D I S  

LUD IPS1 nX 

ZINC 1731 D I P  

ZINC IZN) W 

V.Lld.Lim r1.9.: &:An-loYSi W1:Blanki JI ,Wl :  Ieamhrda J3:Wold TIP.:  J I .WI:DuPl iSaL. .  Dpik.. o r  S p l i L  IILS.~~.IIE.I 

n:P.j.EL.d. 

r g a n r p ~ ~  "1.0 0 6 / 9 5  u s i n g  .:\.rarout\\ASnh*02,mr -9. 6 WOX=.L~IC.. I.C. 0 1 / 2 1 / 9 9  



urn - =Urn. Or... t C  LI M.L.. 

- -  PXISICU. Q- - -  
D P ~  m wrm WEL i s ~ = ~  

oxmm 101 IILDI 
PH I ILDI 

PH 
SALIMY? I C / K I  1-1 

SC I W S / a  AT 2 1  61 

SC iR .nos/u  AT 25 CI I ILDI 
ms iau~mz AT 1 8 0  CI 

mL SUSPPmm SOLIDS 
r n l D I T 1  1 m 1  

WATER l h l l P E 7 A m  iC1 1-1 

-: u1 rrsulc. i n  W/L lwacerl or -/kg is0111 u... nerd and .r. 1-r.rory 1-1 u e s s  f i e l d  (MI or s.1cul.t.d 1-1 

-:TOLLl; DXS:DIs.Ol~d; '7RC:TOL.l I.CW.~LD~.I I:E.LI~L.d: .:Us. mYI D.C.CC. Bl-: par-rmr mr restd 
V.lib.Lion )lag.: A : m l O Y . ;  W1:BlYJia J I . W I :  Standard; J1:llold T h :  JI.W.ihlplic.ra. Ipi*.. or s p l i t  Ps.duc.; 
a:a.jecr.a. 0 



- -  P K I S I ~  PRUIPTOU .. 
DL- m r a w  L-I. I F S ~ I  

oxmw 101 rrwl 
PR IF-I 

PH 
SIU.INIT( IC/KG:CI IMI 
SC I m o f / m  AT 15 Cl 

SC IrmROS/Ol &I' 25 CI ( M I  
m S  1- AT l 8 0  CI 

SUIPEWPD SOLIDS 

n n s I D l T I  Irnl 
* A m  W I P - W  ICI 1-1 

mPP= IN1 DIS 

mPPm IN1 nn 
rn IPBI DIS 
rn 1PB) nn 
ZINC (a1 DIP 

ZINC lyll nn 

N m S :  All r.nuLts in q / L  IWaccrl or w/W Isoil1 un1.s. notM ud .r. 1.Drarow lml urr1.m. eield I M I  or s*l~l.r.d luul 
nn:~o1.1; DIS:DI..olmd; TRC:TOL.I P..cw.I&~.; ~:x.rimr~; -:us. m n  mr.cr. slur*. p.r.ar.r nor r..r.d 
Valida~i~n I1.g.i &:m-lOYs; W3181&; Jl.Wl8 sr.nd.d; J1:Xeld 11-r Jl.waiDuplicar.. Spik.. or Split Dlc.nUurs.i 
D:"Cj.Ct.d. 



SITE WDh N - 1 1 B  

SUlPLE DATK 01101199 

SMPLE Tim 11:45 

IAE TSC.SU 

IAE -El L9SOlIS-17 

SU(PLE W P i l  --9901-117 

-- m s r u  P ~ L Z E I I S  - -  
D I ~  m WATER LEVEL IPE~II 

OXXPN 101 IPLDI 

PH lPWl 
P. 

SALINIIY I C I W  Iml 
SC IYIMOSIU AT 15 CI 

6C IUIMOSIPI AT 15 CI I M 1  
¶US I W -  AT 1- CI 

XlTAL SUSPmEC SOLIDS 

ICZBIDIn INntl 

"Am rnPIIIUrnE ICl I M I  

-. mu ' "WOIL CONsTImEurS - -  
mmxc 1151 DXS 
AR5WIC IUI rm 
m I ( M  ( M I  DIS 

-m ( M I  m 
(HRCIII1RI lOLl DIS 
mCIIrIRI 1CP.l m 

COPPER IN1 Dl5 
mPPm IN1 m 
LSID IPBI DIS - IPBI XTr 

ZINC lZNl DIS 

ZILIC IZNI m 

m s :  u l  z..ulr* in q l L  IYacerl or oglkg (soill un1.s. nored d arm 1.Dor.roy Im~ull... fi.16 I?WI or c.lcu1.r.d luul 
m:~ot.1; ~~s:~i..olv.di TUC:TDL.L PCC-.*I.; .SIK.CIIYL.~X .:L..* man D.L.CL. B~M*: P...P.L.= ~ O L  L..L.~ 

vm~id.tion ~1.g.: ~:~o.YIoY.; 0~1:~lar-k~ n . w ~ :  rc-ra, n : u o l d  1-r ~..w~:mplicar., spike, or  split mc..d.nc.; 
R:Rej.sr.d. 

rg-r~ vz.0 06/95 using .:\.~~~~~~\\UNLWDI.DBI p.9. 9 ~y-arartrics. xnc. 0511119s 



-- PUYSZUL PLR.Kn'EP.5 - -  
PW 

SC I U M R O S 1 ~  AT I S  CI 
ms 1nnasW.m rr I80 Cl 
TOTAL SUSPBmeD SOLIDS 

- -  m o l l  CONFRnmrrl - -  
O.LCXUM 1-1 D l S  

ClLClUM ( P I  m 
l U m r a S r m  I L ~ I  D ~ S  

I u M B s r U M  I S 1  m 
SODIUM I m I  D r I  
SODIUM l-I XTr 

- -  mus ' MINOR C O ~ ~ I ~ S  -. 
ARSPllC (As1  D I S  
mm1c I S 1  m 
CUIIIUM l W l  D l 6  

CUIIZUM I W I  m 
CBPC*IU* 1 5 1  D I S  
(RIC*IUM l a 1  TOT 

COPPIP I N 1  D I S  

COPPrn I N 1  m 
LBLD lPDl D U  
LZm IPBI m 
ZINC IUII DXS 

ZINC IZNI IDT 



sxn CODE 
U P L K  Mn 

r 1 m  - 
YIB -=I 

UPLO m r a  

- -  PKlSICLL P- -. 
PR 

SC lmMOSlPl liT 15 C) 
ms ~ ~ v a a o  AT x r o  o 
WAL PUBPBHDPD SOLIDS 

-- mu ' MINOP c o n s  - -  
ULbMXC (AS) DIS 

ULsMIC IASI mr 
-xrm ( m l  DIS 

m x r m  ( m )  rn 
-I(Irm ICRI DIP 

ancmILQ4 1CR1 m 
COP?- lml DIS 

COPPER I U )  mr 
L U D  IPS1 DIS 
LUD (FBI m 
ZINC 1751 DIS 

P O R S :  All r..ulL. in nJ/L (Warer) or W/kg IS0111 un1.m. noted an4 are l.Lor.tor/ (LLBI unless Ii.ld ( M I  or c.~N~.LM I W )  

~ : Z O L . L :  D16:~i~.ol~.d: Tv.c:To~.l n.c-r.ble: .:P.LIraL.d: .:I.... mreci.  sluu: ~ar - re r  nor r=.rM ~ ~~ . 
vmlib.~ion ~1.g.i A:MOLY~DY.; U J ~ : ~ ~ U U :  1 7 2 . ~ 1 :  sr-rdi J3iHold rim.: ~~.w~:hrplicar.. spike, or split ~s.&mc.: 
a:acj.cr.a. 



- *  S U I P L .  N P K :  CIDYNDIAIEIL - -  
S I T S  rnDK 

U P L a  Dirn 
SWPLX TI% 

Y3 

LLB m P I I  

RExwxs 
S W L K  m P I I  

-- P l F l S l U  P m m s ' r m s  .- 
D I ~  rn urn ~ a v a ~  I w m  

OIYGW 101 I M I  

PW I I W I  

P11 

5ALIUIl-i lC/ffil  I M I  

S C  IOIIHOS/P( AT 2 5  CI 
SC I m S I m  AT 25 I 1  I m l  

rns IWmm AS 110 El 

mu SOSPDmW POLlDS 

m m r T I  1-1 

* A m  IPIPWW ICI 1-1 

-- W O Z  C O N S T I r n  -- 
CUKXW 1-1 D l S  

IUCMSIW m l  orr 
S O D m  (IUI DID 

- U b I m  IX>  DZ9 

H F I A U  L HINLIP C O N S n n E h T S  -- 
W Q 1 1 C  I U I  DIS 
U I B I I C  1-1 m 
UP*m l a 1  D I S  

 UP*^ ( a )  m 
~ I R I  l a )  DIS 

CBlMm ICRI m 
~ P P U L  t r n I  DIS 

C0PP.p lc"l m 
w lPB1 D l 5  

LUP IPS)  m 
I Z W C  I W l  DIP 



S I T E  m c  
SUIPLK MTK 

M P L B  n m  
LLB 

LLB m a R  
SAMPLE m a n  

- -  P l F I I l U  Q W S  - -  
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GLOSSARY OF TERMS 

CCB ............... Continuing Calibration Blank 

CCV ............... Continuing Calibration Verification 

CLP ................ Contract Laboratory Program 

CRDL ............ Contract Required Detection Limit 

FAA .............. Flame Atomic Absorption 

GFAA ............ Graphite Fumace Atomic ~ b s o r ~ t i o n  

HGAA ........... Hydride Generation Atomic Absorption 

................ ICB Initial Calibration Blank 

ICP ................. Inductively Coupled Plasma 

.......... ICP-MS Inductively Coupled Plasma - Mass Spectrometry 

ICV ................ Initial Calibration Verification 

................ IDL Instrument Detection Limit 

................ LCS Laboratory Control Sample 

.............. MSA Method of Standard Additions 

.................. PB Preparation Blank 

PDL ............... Project Detection Limit 

............. QAPP Quality Assurance Project Plan 

................. QC Q udity Control 

............... RPD Relative Percent Difference 

............... RSD Relative Standard Deviation 

SOW .............. Statement of Work 

TDS ............... Total Dissolved Solids 



SUMMARY 

Groundwater and supplemental surface water samples collected for the Everett Lowland 

Investigation during June1999 through August 1999 have been reviewed in accordance with the 

EPA's data validation guidelines (EPA, 1994) and the project work plan (Hydrometrics, 1998). 

Note that, with approval from Ecology, the CLP requirements for the project have been dropped. 

Data validation included the evaluation of both laboratory and field quality control samples. 

Associated sample results were flagged for any QC samples that exceeded quality control limits. 

Data validation codes used as flags are defined in Table 1 in Appendix 1. A complete listing of 

flagged data including the reason for each flag is in Table 2 in Appendix 1. The sample database 

is in Appendix 2. 

This repon covers data from the following samples: 

. 54 groundwater samples; 

. 10 surface water samples; 

19 associated quality control samples (six field duplicates, twelve field blanks, and 
one field standard). 

Quality control violations resulting in the flagging of data are listed below. . Detections in the field blanks resulted in the flagging of 13 sulfate, 24 dissolved zinc, 
and 19 total zinc values to indicate a possible high bias at low concentrations. 

Exceedances on the field duplicate measurements resulted in the flagging of 2 
carbonate, 15 bicarbonate, and 9 total suspended solids values to indicate the possible 
lack of reproducibility. . Low recoveries on laboratory matrix spikes for total zinc resulted in a total of 41 flags 
to indicate possible low bias. 

Low recoveries on laboratory matrixspikes for dissolved zinc resulted in a total of.41 
flags to indicate possible low bias. 

A total of 20 dissolved zinc results were flagged due to low recovery on an ICP-MS 
laboratory control standard. These flags indicate a possible low bias. . A total of 20 total zinc results were flagged due to low recovery on an ICP-MS 
laboratory control standard. These flags indicate a possible low bias. 

It should be noted that not all quality control deficiencies are equally serious. and many may 

have no practical impact on the usefulness of the data. Arsenic, for example, is of particular 

concern for this project, and no arsenic results have been flagged Overall project data quality 



objectives for precision, accuracy, and completeness have been met for the data covered in this 

report (see discussion in Section 17). 

Taken as a whole, this data set provides useful information for the Everett Lowland Investigation 

providing that the possible lack of reproducibility and possible biases indicated by the flags are 

taken into account. Overall, 94% of the data may be used without qualification; the rest of the 

data have been flagged with validation codes to assist in their interpretation. (Out of 2715 

results, 169 were flagged.) 

DATA VALIDATION REPORT 

Prepared by: Clare Bridge 
Reviewed by: Linda Tangen 



DATA VALIDATION REPORT 

1. INTRODUC~ON 

This validation applies to inorganic analytes from 83 samples collected for the Everett 
Lowland Investigation from June 10 through August 3, 1999. The total number of 
samples included: 

54 groundwater samples - HP-58 was dry, and there was insufficient 
water for sample collection at MW-104S(W); 
10 surface water samples - SW-19 was dry; 
12 field blanks (6 DI blanks and 6 rinsate blanks); 
5 groundwater field duplicates; 
1 surface water field duplicate; 
1 field standard. 

Validation procedures used are generally consistent with: 
(Check all that apply) 
- EPA CLP National Functional Guidelines for Inorganics Data Review 

X Work Plan - 1998 Supplemental Remedial Investigation for the - 
Lowland Area Everett Smelter Site. Everett. Washington. June 1998 

- Other 

Overall level of validation: 
- Contract Laboratory Program (CLP) 

X Standard - 
- Visual 
Notes: Originally the Everett Lowlands Investigation was undertaken as a 
CLP project. Subsequently, with Ecology's approval, the CLP requirement 
was dropped. The validation consisted of the following: The frequency and 
values were checked for both field and laboratory quality control samples. 
Results were not verified in the raw data. Non-QC sample results were flagged 
for any field or laboratory quality control exceedances. Data quality objectives 
for precision, accuracy, and completeness were evaluated as required by the 
project work plan. 

.. 

All laboratory document deliverables were present as specified in the CLP-Statement 
of Work (CLP-SOW), EPA, 1993 andlor the project contract. 

X Yes - 
- No 

All documentation of field procedures was provided as required. 
X Yes - 
- No 



3. FIELD QUALITY CONTROL SAMPLES 

Blanks: Please note that the highest blank value associated with any particular analyte is the 
blank value used for the flagging process. 

DI, trip, rinsate, or any other field blanks have been carried out at the proper 
frequency. 

X Yes -For the samples collected in June. - 
X No - For the sample collected in August. - 

Notes: No field quality control samples were submitted with the sample 
submitted on August 3, 1999. 

Reported results on the f;eld blanks are less than the contract required detection 
limits (CRDL) or the project detection limits (F'DL) if these have been 
specified. 
- Yes 

X No - 
Notes: Blank exceedances and flagging are summarized in the following table. 
In cases where the same analyte was detected in both the rinsate and the DI 
blank submitted on the same day, only the result used to determine flagging is 
listed.: 

Notes: When an analyte is detected in a blank, associated results up to 5 times 
the blank level are flagged to indicate that the results may be biased high due to 
contamination. Results "associated" with a field blank are generally results for 
samples collected on the same day as the blank. 

Flagging: UJ, 



Field duplicates 
Field duplicates have been collected at the proper frequency. 

X Yes - For the samples collected in June. - 
X No - For the sample collected in August. - 

Notes: No field quality control samples were submitted with the sample 
submitted on August 3, 1999. 

Field duplicate relative percent differences (RPDs) were within the required 
control limits (RF'D of 20% or less for water matrix). If the sample or 
duplicate result is less than 5 times the PDL, the RPD criteria are not used. In 
these cases, the difference between the sample and the duplicate results must 
be within 2 the PDL for water matrix. 
- Yes 

X No - 

Notes: These flags suggest variability in sample results due to the combined 
effects of variations in field sampling techniques, sample preparation, and 
laboratory analytical procedures. 

Flagging: J4/UJ4 
Field standards 

Field standards were sent at the proper frequency 
X Yes - 
- No 

Site 

EV-8A 

Percent recovery on the field standards was within control limits (80-120% for 
water, within the certified range for soils). 

X Yes - 
- No 

Date 

6/15/99 

Laboratory procedures followed 
- CLP-SOW 
X SW-846 - 
- Methods for Chemical Analysis of Water and Wastes 
- XRF Standard Operating Procedures 
- Other 

Sample #/ Dup # 

EVT-9906-235 
EVT-9906-236 

Criteria 

>+ 10ppm 

43% RPD 
>f l ppm 

# of 
Flags 
9 

15 
2 

Analyte 

TSS 

HC03 
co3 

Result/ Duplicate 
( P P ~ )  
571 14 

2441 157 
<I124 



Holding times met 
X Yes - 
- No 

Consistency with project requirements 
Analyses were carried out as requested. 

X Yes - 
- No 

Project specified methods were used. 
X Yes - 
- No 

The following table lists the laboratory's reporting level by analytical method and compares 
it to the project detection limit (PDL). 



* The ICP method 200.7 was replaced by the ICP method 6010 when the CLP requirement 
was removed from the project. 

** TSC: Asarco's Technical Services Center laboratory in Salt Lake City, Utah. 

Reporting detection limits met project detection limits (PDLs). 
X Yes - 
- No 

Instrument detection limits (IDLs) were provided by the laboratory. 
- Yes 
- No 

X NA -- Not required for the project. - 

6. LABORATORY BLANKS 

Please note that the highest blank value associated with any particular analyte is the blank 
value used for the flagging process. 

Preparation blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

X Yes 
- No 

All the analytes in the preparation blank were less than the CRDL (or the PDL 
if a project detection limit has been specified). 
X Yes - 

No - 

A matrix spike sample (pre-digestion) was analyzed for each digestion batch andlor 
matrix, or as required in the CLP-SOW. 

X Yes - 
- No 

.. .. 

Matrix spike recoveries were within the required control limits (75-125%). 
- Yes 

X No - 
Notes: For two laboratory batches, the ICP-MS matrix spike recoveries were 
low for total zinc and for dissolved zinc. The spike recoveries and subsequent 
flagging are listed in the following table. 

Laboratory Batch 
L991041 
L991041 
L991058 
L991058 

Analyte 
Zinc (Dis) 
Zinc (Tot) 
Zinc (Dis) 
Zinc (Tot) 

Spike Recovery 
72% 
67% 
69% 
72% 

# of Flags 
17 
17 
24 
24 



Laboratory duplicate samples were analyzed at the proper frequency. 
X Yes - 
- No 

The laboratory duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20% or less for water matrix, 35% or less for soil matrix). For 
low concentration data, that is if the sample or duplicate result is less than 5 times the 
PDL, the RPD criteria are not used. In these cases, the difference between the sample 
and the duplicate results must be within + the PDL for water matrix, and within + 2 
times the PDL for soil matrix. 

X Yes - 
- No 

The reference material used was of the correct matrix and concentration. 
X Yes - 
- No 

LCSs were prepared and analyzed at the proper frequency 
X Yes - 
- No 

LCS recoveries were within the required control limits (80-120% for water). 
- Yes 

X No - 
Notes: For laboratory batch L991057, the ICP-MS laboratory control standard 
recoveries were low for total and for dissolved zinc. The spike recoveries and 
subsequent flagging are listed in the following table. 

The foilowing relationships have been checked: 
X TotIDis metals. - 
X Lab pH vs field pH - 
X Lab SC vs field SC - 
X TDS vs SC. - 
X Arsenic speciation vs dissolved arsenic. - 

TotlDis metals: If the dissolved metals result is neater than the total metals. 

#of Flags 
20 

20 - 
Laboratory Batch 

L991057 
L991057 

- 
the two results are evaluated by the same criteria used for evaluating duplicate 

8 

Analyte 
Zinc (Dis) 
Zinc (Tot) 

Spike Recovery 
70% 
69% 



samples. For samples where the concentrations are greater than 5 times the 
PDL, the relative percent difference (RPD) between the dissolved and the total 
result should be 20% or less: for samples where the concentrations are less 
than 5 times the PDL, the difference between the dissolved and total results 
should be within -c the PDL for water matrix. 
This relationship was in order. 

Lab pH vs field pH: These two parameters are compared by calculating the 
percent difference. This relationship was generally in order. The percent 
differences ranged from 0.4 to 22.4 percent. Out of 69 measurements, 11 
showed greater than 10 percent difference between the laboratory and field 
measurements. The distribution was as follows: 

Less than 10% difference ................. 58 
From 10 to 15% difference .............. 7 
From 15 to 20% difference .............. 3 
Greater than 20% difference ............ 1 

Lab SC vs field SC: These two parameters are compared by calculating the 
percent difference. This relationship was generally in order. The percent 
differences ranged from 0 to.23.8 percent. For the 69 measurements, the 
percent differences were distributed as follows: 

Less than 10% difference ................. 29 
From 10 to 15% difference .............. 35 
From 16 to 20% difference .............. 4 
From 20 to 25% difference .............. 1 

TDS vs SC: The ratio of TDS to SC should lie between 0.55 and 0.75. In 
natural waters with high sulfate, the ratio may be as high as 0.96. This ratio is 
intended to be a check on the accuracy of the TDS and SC measurements. (It 
should be noted that these measurements are less accurate in dilute waters.) 
This relationship was generally in order, with all TDS to SC ratios between 
0.55 and 0.88. Out of 69 samples where both TDS and lab SC were measured, - .  - . .- 

6 samples (9%) had ratios greater than 0.75. 

Project data quality objectives (DQO's) met. 
X Yes - 
- No 

Accuracy 
The target accuracy for this project is for at least 90 percent of the laboratory 
spikes and laboratory control samples to be within control limits. This goal 
was met: 96 percent of the laboratory spikes (95 out of 99) and 99 percent of 
the laboratory control samples (138 out of 140) were within control limits. 



Precision 
The target 
laboratory 

precision for this project is for at least 90 percent of the field and 
duplicates to be within control limits. This goal was met: 99 

percent (201 out of 204) of field duplicate measurements and 100 percent (153 
out of 153) laboratory duplicate measurements were within control limits. 

Completeness 
The target completeness for this project is "assessment of at least 90 percent of 
the sample analyses as 'valid'." A 'valid' result is one that has not been 
flagged as rejected (R) or anomalous (A). 

1  IS goal was met: there were no A or K tlags. All the data were conndered 
to be useable. 
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APPENDIX 1 

TABLES 



TABLE 1. 

DATA VALIDATION CODES AND DERNITIONS 

cQlB DEFINITION 

J The associated numerical value is an estimated quantity because quality 
control criteria were not met. 

Subscripts for the "1" qualifier: 

2 - Calibration range exceeded or significant deviation from known value. 
Possible bias. 

3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 

UJ - The material was analyzed for, but was not detected above the associated 
value. 

Subscripts for the "UJ" qualifier: 

1 - Blank contamination, Indicates possible high bias and/or false positive. 
2 - Calibration range exceeded or significant deviation from known value. 

Possible bias. 
3 - Holding time not met. Indicates low bias. 
4 - Other QC outside control limits. 

R - Quality control indicates that the data are unusable (compound may or may not 
be present). Resampling and/or reanalysis is necessary for verification. 

A Anomalous data. No apparent explanation for discrepancy in data. (Not an 
EPA code.) 



Table 1. S u m m y  o r r l sgg rd  D ~ u  
E v c n t l  Le r l and  Invstigalion. G r o u n d v ~ t c r  -- June 1999 
IAU rsluerin ppm unl= other.(l.notrd.) 

Sllr Sample No Lab No hie ~aramel t r  Bins Relron for Flag 

Dl BLANK E n - 9 9 0 6 W 8  L991041-9 06/10/99 ZINC (WXDIS) 
ZINC m ) r r o n  

-28% Spikc r econy  72% 
-33% Spikc recovey 67% 

-28% Spikc recovey 72% 
-33% SpiYerccovcy 67% 

DIBLANK EVT.9906229 L991057-13 06/14/99 ZINCIMNDIS) 
ZINC (ZN)TTOT) 

-30% LCS recovery 70% 
-31% LCS recovey 69% 

Dl BLANK EVI-9906237 L991057-20 6JlSIP9 ZINC (ZN)IDIS) 
ZINC m ) r r o n  

-30% LCS recorcy 70% 
-31% LCS r ecovq  69% 

Dl BLANK EW.99062W L991058.21 W1&99 ZINC 1ZN)IDIS) 
ZINC (ZNKTOT) 

-31% Spikc r ecovq  69% 
-28% Spikcrecovq72% 

E V J  EVT-99062U L991057-9 06/14/99 ZINC (WHDIS) 
ZINC RN)(TOT) 

-30% LCS r ecovq  70% 
-31% LCS r e c o r q  69% 

EV4A En-9906224 L991M7-8 06/14/99 ZINC (W)(DIS) 
ZINC mnon 

EV4B EVr.9906223 L991057-7 06/14/99 ZINCGWHDIS) 
ZINC mnon 

-30% LCS r ecovq  70% 
-31% LCS recovcry 69% 

EVdA Em-9906220 L991057-4 06/14/99 ZINC REi)lDIS) 
ZINC (WXTOTI 

-30% LCS recovey 70% 
41% LCSrecovcry 69% 

EV-6B EVT-9906.221 L991057.S 06/14/99 ZINC(ZN)lDIS) 
ZINC (WKFOT) 

-30% LCS m o v q  70% 
-31% LCS m o r q  69% 

EV-68 (Dup) EVT-9906222 L991057.6 06/14/99 ZINC (W)lDIS) -30% LCS recovey 70% 
-31% LCS recovery 69% ZINC muon 

EVOA Em-9906219 L991058-2 06/15/99 BICARBONATE lHC03) 
ZINC GWIDIS) 
ZINC wnon 
ZINC (ZN)POT) 

Rcld duplicate RPD - 43% 
-31% Spike recovery 69% 

Detccuon in blmk IO.008ppm) 
-28% Sp&s recovey 72% 

N - 7 B  Em-9906U8  L991058-1 06/151P9 BICARBONATE lHCD3) 
ZINC IWXDIS) 
ZINC (LN)Cr07) 

Rcld dupl~crte RPD -43% 
. 3 I I  Spkr recorcr) 69% 
-28% Sp,kcreco\rg 72% 

-- 
Rcld duplicate diffumce gcuo bua 10 ppm 

_ . .- 
Fi ld  duplicate W D  - 4 3  - - 
Reld duplicrte diffnrncr purer  rho I ppm 
ktccuon in blank (1 ppm) 

-30% LCS m o v c y  70% 
Detection in blmk (0.008 ppm) 

-31% LCS r eco rq69% 

EV-8A EVT-W06235 L991M7-18 06/1W9 TDTNSUSPLVDEDSOLLDS 
BICARBONATE (HC03, 
CARBONATE AS CD3 
SULFATE rsm .. .. 

57.0 14 
2M.O 14 
4 . 0  UJ4 

5.0 UJI 
0.016 12 
0.022 UJI 
0.022 J2 

-~ 

ZINC RNXDIS) 
ZINC w ) r r o n  
ZINC I W P O T )  

EV-8A IDUP) EVT-9906236 L9910Sl-19 06/15/99 TOTAL SUSPENDED SOLIDS 
BICARBONATE (HC03) 
CARBONATE AS C03 
SULFATE IS041 
ZINC RN)(DIS) 
ZJNC m ) r r o n  
ZINC mnon 

14.0 14 
157.0 14 
24.0 J4 
4.6 UJI 

0.016 12 
0.M UJI 
0.02 12 

Field duplicare diff-c -r rho 10 ppm 
Rcld duplicate W D  - 43% 
Field dupti- differrace wrer rho I ppm 
Dewtion ia blank (I ppm) 

-30% LCS recovery 70% 
Dewion in blmk (0.008 ppm) 

-31% LCS recovery 69% 

EV-86 Em-9906234 L991057-17 06/IV99 BICARBONATE(HC03) 
ZINC IZNKDIS) 
ZINC mnon 
ZINC ~ m n o n  

179.0 14 
4 .005 UJ? 

0 . W  UJI 
0 . W  12 

Reld dupliute RPD -43% 
-30% LCS r e s o w  70% 

tklsstion in blmk (0.008 ppm) 
-31% LCS r ccovq  69% 

EV-9A EVT-9906Y2 L991058-5 06/15/99 TOTAL SUSPENDED SOLlDS 
BICARBONATE (HCO3) 

Field duplicate d i f fmcc  - bua 10 ppm 
fieldduplicate W D  -43% 

EV-9B EW.9906241 LWIO58-4 WlS199 BICARBONATE(HC03) 
ZINC RNXDIS) 
ZINC mnon 

Flrld duplicate RPDr 43% 
-31% Spike recovery 69% 
-28% Spke rccorev 72% 



Table 2. Summary olPlagerd  Dab 
Ercrett Lowland hvaUgaUon, Groundvstcr - June 1999 
(All r a l u a  In ppm unless ochrniw noud.1 

EV-I5A EVT-9906228 L991057-I2 06/14/99 SULFATE(SO*) 
ZINCCLNXDIS) 
ZINC (ZNXTOT) 

6.0 UJI 
0.011 12 
O.M7 12 

&!ation in blmk(l.5 ppm) 
-30% LCS rcsorrry 70% 
-31% LCS recovery 69% 

EV-IS8 EVT-9906227 L991057-11 06/14/99 S W A T E  (SO*) 3.8 UJI 
ZINC~W)(DISI  0 . m  12 
ZINC RNICTOT) 0.01 12 

Dcrscdon in blmk (1.5 ppm) 
-30% LCS recoueq 10% 
-31% LCS movcry 69% 

EV-16A EVT-9906226 L991057-I0 06/14/99 ZINCR1CXDIS) 
ZINC 1ZN)CTOT) 

-30% LCS recovcry 70% 
-31% LCS recovery698 

EV-17A EVT-9906-ZM L99105&7 06/1%99 T O T N  SUSPENDW SOLIDS 63.0 14 
BICARBONATE lHC03) 342.0 I4 

Field duplicau diffucn~c yupr h 10 ppm 
F d d  duplisrcc RPD = 43% 

EV-178 EW--243 L991058-6 WISr99 T O T N  SUSPENDED SOLIDS 22.0 J4 
BICARBONATE (HC03) 195.0 J4 

Fxlddupliwu diffcrcncc gwm dun 10 ppm 
Fx~ld duplicau RPD = 43% 

EV-188 EVT-9906217 L9910S7-I 06/14/99 ZlNCRN)(DIS) 
ZINC RNKIOT) 

-30% LCS recovery 70% 
-31% LCS rccovcry 69% 

EV-198 EVT-9906218 L991057-2 06/14/99 ZINCWXDIS) 
ZINC RN)CTOT) 

-30% LCS r e c o w  70% 
41% LCS recovcry 69% 

.306 LCS rccoveq 7 W  

.31% LCS recovcry 69% 

EW-9906ZS4 L99IOS8-I7 06/16R9 SULFATE (SO*) 
ZINCCNHDIS) 
ZINC (ZNKTOT) 

6.9 UJI 
mms U J ~  
4 . W S  UJ4 

EV-218 EVT-990635 L99105&18 06116/99 S W A T E  (Sod) 
ZINC(ZEI)(DIS) 
ZINC ( m ) c r o n  

-tion in blmk 12.5 ppm) 
-31% Spike recovey 69% 
-28% Spike recovery 72% 

EV-218 IDup) EW-9906256 L99105&19 06/16/99 SULFATE (SO*) 7.3 UJI 
ZINClWUDIS) 4 .005 UJ4 
ZINC m ) r m n  0.01 UJI 
ZINC R N ) ~ O T )  0.01 14 

Duation in b l d  (2.5 ppm) 
-31% Spike recovery 69% 

tkratian in b lak  (0.W8 ppml 
-28% Spike recovery 72% 

EV-2U EVT--263 L991058-26 06/16/99 ZINC RN)(DIS) 
ZINC m ) r r o n  
ZINC (WMTOT) 

4 .005 UJ4 
OW9 UJI 
0 . m  14 

.31% Spike recovery 69% 
tkxssxion in blmk 10.008 ppml -. 

-.. . - 
-28% Spike recovery 72% 

EV-228 EVT-9906262 L991058-25 06/16/99 S W A T E  (Sod) 
ZINC RN)(DIS) 
ZINC (W)(DIS) 
ZINC RNXIOT) 

11.0 UJI 
0 . m  UJI 
0 . m  J4 
0.053 J4 

kca t i on  in blank 12.5 ppm) 
Dnrmon in b l ak  ( 0 . m  ppm) - 

-31% S p h  r c c o r q  69% 
.28% spike recoveq 12% 

Reld duplinu RPD = 43% 
tklcction io bid (1.5 ppm) 

-30% LCS recovcry 70% 
-31% LCS rccovey 69% 

Rdd  duplicate RPD -43% 
-30% LCS recovery 70% 

Man in b l d  (0.008 ppm) 
-31% LCS m o r e r y  69% 

&&on in blrnL (0.008 ppm) 
-28% Spikc r e c o w  72% 
-33% Spike recovery 67% 

-tion in blank (0.008 ppm) 
-28% spike r s c o M y n %  
-33% Spike raovcry 67% 

tklcction in b l a k  (0.008 ppm) 
-28% S p k  recovery 72% 

EV-23A EW-9906233 L991057-16 06/I5r99 BICARBONATE(HC03) 537.0 14 
S W A T E  ISOd) 4.6 UJI 
ZINC (ZN)(DIS) 0.016 12 
ZINC mxron 0.080 12 

EV-238 EW-9906232 L991057-IS 06/15?99 BICARBONATE lHCO3) 135.0 14 
ZINC (WXDIS) 4.W UJ2 
ZINC m ) r o n  0.013 UJI 
ZINC ( a n o n  0.013 JI 

H P J I  Em-9906201 L991Ml-2 06/1009 ZINC RNXDIS) 
ZINC G!N)(DlS) 

HP-51 EW-9906201 L991M1-2 W l W 9  ZINC(W)(TOT) 

0.016 UJI 
0.016 14 
0.016 14 

H P J 2  EW-9906202 L991M1-3 06110199 ZINC(M)(DIS) 
ZINCZNXDIS) 
ZINC GNKTOn 

0.032 UJI 
0.032 J4 
0.014 14 

W J 3  EVT-9906-203 L991M14 06/10199 ZINC RNXDIS) 
ZWC W)(DIS)  

0.005 UII 
0.005 14 





Tablc 2. Summary of Plnggrd Dab 
Evcrctt Lowland Invaligalion, G r o u n d v ~ l r r  - June 1999 
(All value In ppm unl- otherwise noted.) 

Site Sample No Lob No ha Psnmr t r r  

M W - 8 M  EW-9906249 L991058-12 &!I6199 SULFATE(SOI) 
ZINC (WXDIS) 
ZINC WXDIS) 
ZINC (ZN),TOT) 
ZINC ( m m n  

MW-107D EW-9906257 L991058-20 06/1-9 SWATE(SOI) 
ZINC (ZN)(DIS) 
ZINC QNKTOT) 
ZlNC (ZMCTOT) 

MW-107S2WEW-9906251 L991058.14 06/16n9 ZINCQNXDIS) 
ZINC QNmT) 

MW-108SO EVT--252 L991058-I5 06/16)99 ZINC(MXD1S) 
ZINC WXDIS) 
ZlNC QNXTOT) 

MW-109SP) En-9906251 L991058.16 WI6W ZINCKNXDIS) 
ZINC (Wh7OT) 
ZINC (WXTCT) 

OWIFALL EVT.9906281 L99108614 06/17199 ZINCQNXDIS) 

RINSATE EVT-9906210 l.991001-ll 06/10n)9 ZINCWXDISl 
ZINC man 

RINSATE EW-9906215 L991M1-16 06/11/99 ZINC WXDIS) 
ZINC QNXTOT) 

= 
14 

UJI 
U I I  
14 

UJI 
14 

U I I  
UJ4 
U I I  
14 

U14 
U14 

UJI  
14 

UJI 
14 

UJI 
14 

U14 

UJI 
14 

U I  I 
I 4  

UJ4 
UJI 
14 

U I  I 

U I I  

J6 
UJ4 

UJ4 
14 

B l u  Re-n Tor nae 

-28% Spike wavy 72% 

b w t i o o  in blank (2.5 ppm) 
Detection in blrnk (0.006 ppm) 

-31% Spike r c m v y  69% 
Dewtion in blmk (0.008 ppm) 

-28% Spike rccovey 72% 

Delaion in blmk(2.5 ppm) 
-31% Spikc rcsovy 69% 

Delaion in b l d  (O.W8 ppm) 
-28% Spikc recavy 72% 

-31% Spike rccovery69% 
-28% Spikc m v y  72% 

Demtioo in blank (0.006 ppm) 
-11% Spike recovery 69% 

D e m o n  in blmk (OM8 ppm) 
-28% Spikc recovery 72% 

Delectian in blank (0.006ppm) 
3 %  Spike r c s o r y  69% 

D e ~ ~ ~ t i o n  in blmk (OW8 ppm) 
-28% Spike recovery 72% 

-31% Spike morcry 69% 
Detection in blmk (0.008 ppm) 

-28% Spike r e c o w  72% 

Dewdon io blmk (0.016 ppm) 

Dcmtian in blank (0.016 ppm) 

-28% Spikc m o v y  72% 
-33% Spikc rccory67% 

-28% Spikc rccorml72% 
-13% Spike remrcv 67% 

RINSATE EW-9906UO L991057-14 06/14/99 ZINCCWXDIS) 4.005 U12 LCS recorcry 70% 
ZINC QNXTOT) . - 4.005 U12 LCS r c c o ~ ~ y  69% 

RINSATE EW-9906248 L991058.11 06/15/99 LINCQNXDIS) 4.W5 UJ4 -31% Spik=ncovy69% 
. . ZINC (WXTOT) 0.008 14 -28% Spike m c o r y  72% 

RlNSATE EW.9906261 L991058-24 06/16/99 ZINCQNXDIS) 4.005 U14 -31% S p i k e m o r y  69% 
ZINC QNXTDV 0.008 14 48% Spike - v y  72% 

SW-1 M - 9 9 0 6 Z l 4  L9910868 06/11/99 ZINC QNXDiS) 0.077 U I I  DCI-on in blank (0.016 ppm) 

SW-2 EW-9906?73 L991086-6 06/17/99 ZINC (WXDIS) 0.027 U I I  Dewti00 in b l d  10.016 ppm) 

SW-14 EVT-99UbZl5 L9910867 06/17/99 ZINC QNXDIS) 0.011 UJI & m a n  io b h k  (0.016 ppm) 

SW-16 EVT-9906278 L99108611 06/17/99 ZINC QNXDIS) 0 . W  U I I  Dcremioo in b l d  (0.016 ppm) 

SW-18 EW--282 L99108615 06/17/99 ZINCQNXDIS) 0.015 U I I  Dncsdon io b h k  (0.016 ppm) 

W-I EW-9906240 L991058.1 WlY99 TOTAL SUSPENDED SOLIDS I .  14 Rcld dupli-E diffucnss gum h o  10 ppm 
BICARBONATE (HC03) 322.0 14 Field duplicarc RPD - 416 
ZINC WKDIS) 0.01 14 -11% Soikerecovew69% 
ZINC QNKTOT) 
ZINC WXTOTl  

0.011 UJI  &woion in b l d  (0.008 ppm) 
0.011 I 4  .28% Spikcrecory72% 



APPENDIX 2 

DATABASE 



BV-3 

61-41 

N-48 

BY-6A 

BY-68 

BV-711 

BY-78 

BV-8A 

BY-aa 
BY-9* 

BY-98 

W - 1 S A  

BY-1SB 

BV- l6A 

BY-I,* 

BY.17a 

BY-188 

BY-198 

BY-2DB 

B Y - 2 u  

W - 2 1 8  

BY-21A 

BY-2ll 

W - 2 1 A  

BY-238 

HP-51 

t10-51 

HP-13 

RP-54  

llP-55 

HP-56 

HP-57 

RP-51 

HP-59 

HP-61 

UP-61 

UP-63 

111-3 

W - 4 A  

111-5 

W - S I Y I .  "CY..h."..* r e 1 1  

W-'I%!). *ey.rh.u... ".I1 

111-I,UI,  *ey.rh.u..r -11 
m - 1 0 2 S l Y I .  *Cy.r.Y..r r.11 

* Y - 1 0 3 D l V I .  W.y.rhau.er w e l l  

m - 1 D 3 S I Y I .  *CY.rh.Y... 1.11 

~ - X O ~ S I W I .  wey=rb.u.ei r e 1 1  

W - 1 0 5 0 ( 1 1 .  Wn/erh.u..r w e l l  

*1-10SSIWl, Y~Y~rh.u.CT we11 

W - 1 0 7 0  

W - 1 0 7 E 2 I Y I .  WeyerhaYSer r.11 

111-1OI1DlYl. UCyer1UYs.r we11 

W - 1 O I B I Y l .  *eyerh.u..r w e l l  

W - 1 0 9 D  

111-109SIYl. **yer.u..r r e 1 1  

UP-, 



SITE CODE . Y - 3  

SUlPLP DAIS 06/~4/99 

SAMPLE TIWB 15:15 

W TSC-SLC 

YLB HVIlBPR L991051-9 

SlllPLB m m  BYI-9906-125 

- -  W O R  CONSTI-S - -  
U C I W  (CAI DIS 

W H B S l l l l l  DIE 

SODlllll lNIl DIE 

POTISSIVII 1x1 D I S  

mu. L L U L l N l T I  u u r n 3  

mu acrmn u u r n 3  

BI-mzp i s m a l  

UPBomm &s C03 
SULIITE (SO41 

~ M R I D B  ( a ]  

- -  -LS L MImP CONSTI- -- 
ULSWIC (As) DIS 

ULSWIC (As1 m 
ULIWlC -3 
ULSENlC .S 

m r m  I ~ I  nrs 
-ID% lCDl m 

m c l l r m  I ~ I  DIS 

manw 1-1 rn 
COPPER I N 1  DIS 
COPPEP 1-1 m 
LYU) lPBl DIS 

LELD IPBl VX 

ZINC lTNl D IS  

ZINC IZHI IDf 

19.0 

11.0 

15.0 

3 .3  

8 0 . 0  

10 .0  

98.0 

- 2 . 0  

21.0 

I.. 

NOTBS: N l  result. i n  -/I. I Y a i e r I  or -/kg ( S o i l l  un1m.s noted -0 arc laboratory lUlBL un1.s. field ( M I  or c.1cul.ced IUUCI 
rn:m~.l; DIS:D~..O~YC~: ~ C : T D L ~ ~  necwer.9le; E:x.ri.ur.d; .:we. m D.r.ci. ma*: p.r.arer  no^ relr.d 
V.li&~ion Flags: ~ : ~ ~ l - l o u s ;  Wl:Blm*: J2.m: standad; J3:wold Ti-: J4.uJ4:hlPlicare. spika, or s p l i t  8lceed.nca; 
a:Rcjecrea. 



- -  PXfSIUIL PmmCmEILS - -  
DSPM To Y l r n  W L  (?LEI1 

D X r n M  IOI IPLDI 

PH IFLDI 
PX 

SUINXCI IO/KGI IFLDI 

SC 1 m o s / m  AT 225 C1 

sc ~ m o s ~ m  kr 25 CI I U I  
ms ~nusvam AT lao CI 

SVSPnmED SOLIDS 

r n X D X N  IVIVI IFLD) 

"Am m P m m  ICI I M I  

-- w o n  COHrTInImTS - -  
Cllkxm lCAl DXS 

m s x m  11101 DIS 

I O D l i D l  INAI DIS 

WT11551W 1x1 01s 

m A L  &WINICI 15 CACOl 

ACIDITY U CACOI 
BICARBONATE IHCOll 

-IIIITZ u -3 
mI*m ISMI 
I RID^ ICLI 

- -  mus i 1 1 1 ~ ~  COWS TI^ - -  
UlSWfC 11151 DIS 

UlSENIC ,115) m 
UlSENlC 11 

m M I C  .S 

-IM I ~ I  DIS 

-IRI I ~ I  m 
O(RO*Im 1-1 DIS 

m W I m  ICRI m 
mwn IN) DIS 
COPPEP IN) XTr 

LELO IPBl DIS 

LUO IVB) m 
ZINC (IN1 DIS 

ZINC IZNI Tor 

N-61. 

06/14/99 

11:OO 

TSC-SLC 

L991017-4 

FY-6B N - L B  

06/14/99 06/14/99 

1 2 ~ 3 0  11:15 

mC-BLC TSC-SLC 

L991DS7-5 L991051-6 

DmLrura 

BYT-9905-121 M-9906-121 

NORS: a11 r..ults in n g / ~  luarerl or nglkg 1soi11 ds*. nored and mr. laboratory 1-1 un1.s. ficld 1-1 or ca1mlar.d IULCI , 

~ : T o L . ~ ;  ~ x s : ~ i s s ~ l n d ;  TRC:TDL.~ x.c-rable; BiQsLi~~t.d; .:LSSS mr.cr. ~lur*: par-car nor r-srmd 
v.lid.~i~. e1.g.: A:~YI-~OYI; w1:sluu; s2,un: snnarrc; ~ l : s o ~ a  r i w i  J4.~4;bpli~a~., spike, or Split axc=.d.nc.; 
a:asjecr.d. 



SITE m s  
SAnPLE u4Te 
SAMPLE T1118 

UB 
LUI MRIQPR 

m K . 9  

SUIPLS m m  

- -  PHYSlCIL PARMElTRS - -  
DO- m u ~ m  L-L IFOFTI 

OXYCBN (01 (QWI 

PW IFLDI 

PH 

SALINIPI IGIVII IFID1 

SC IYHWOS/CII AT 25 C) 

SC IUIIHOSICII AT 25 CI IFWI 

ms w zao CI 
m I L  SUSPBIDED SOLIDS 

r n I O X P I  1-1 lFwl 
WABR mP6P.A- It1 lFWl 

- -  llLlALS L MINOR CONmrmPm - -  
U L Z m c  (As1 DIS 

UISBNIC (A51 XIS 
m m 1 c  .I 

ULZWIC -5  

m s m  Irn) ors 
m s m  IrnI XIS 

G€CMIuII (011 DIP 
mWIm ,a, XIS 

COPPER lCUl DIS 

COP?= ICUI XIS - iPB1 Dl5 
1UD {PBI XIS 

ZINC (IN1 Dl5 

ZINC IWI XIS 

BV-a* BV.l* 

06/15/99 06/15/99 

U:30 lL:45 

TSC-SLC TSC-SLC 

L991057-11 L991OS7-19 

DUPLICATE 

SVI-9906-235 S.T-9906-136 

N m s :  A11 r..ult. in w / L  Iuarerl or w/kg (Soil1 tanlens noted aria are 1.bararoz-y IUBI urt..~ cia18 ( M I  or salculared ICILCI 
m : ~ o ~ a l :  DIS:D~S.O~V~~: ~ C : T O L . ~  P L C D M R ~ ~ ~ ;  .:B.LIP.L~~; <:MS. man ocrecr. el-: par-rer nor rcsced 
valiaa~ion ~1.9.: II:IYI-~OUS; wl;~lu*; ~ 2 . ~ 2 :  sr-rdi n : u o ~ d  ~ i a :  JI.W~:DY~~IC.LI. spite, or splic F X C - ~ C I ;  

a:n.j,cced. 



- -  W O P  COHSTX-S - -  
CALCIUM lULl DIS 

W W I W  ,m(il 0:s 
SODlrm 11UI DIS 

m1\50rm 1x1 DIS 

TDTU -1NITI hS UCO3 

TOTS LCIOITI hS L S m 3  

B~UULBOXIR I v m 3 )  

UULBONIT. 15 m 3  

SIILPATC I S M )  

CK~MLIDO I ~ I  

A S E N I C  11\51 DIS 

U\PrnIC lilpl m 
m W I C  r 3  

ARSENIC +I 

UYIIIIUM lml DIS 
WIVM 1-1 m 

m O I I 1 U M  loll D l S  

m0111UM 1m.l m 
COPPm I I N I  DIh 

COPPER lINl TOT 

L W  fPBI Dl5 

LEm fPB1 m 
ZINC IZNI DIB 

ZINC IZN1 XTr 

N m s :  All r e s u l t s  in W/L I u a r e r l  or -/kg Isoil) ull... nored and are 1lbor.rory 1-1 un1.s. riaid lml or ca1~1.ced ICLLCI 

~ : T o L . ~ ;  DXS;D~~.OIVC~; TEC;TOL.I ileconrable; s:~srinrt.d; .:I.=.. rnm Dresr .  Blank: wr-rrr nor re.r.d 
vali8ation ?lags: ~:lli-l~us; W 1 : ~ l - k ;  ~ 2 . w ~ :  SC&.-; n : n o l d  TI-; J..WI:DYP~~C~C.. S ~ i k . ,  or S D ~ ~ L  mce.danc.: 



SITE CODE 

SMPLP D I r P  

-PU TIME 

ua 
Lm m e n  

S W * K  m e n  

- -  P l P l B l U U .  P U W I A F P I  - -  
D S P M  TO WATER LEVEL lILC7I 

OXYCrn I01 IFLDI 

PH IKDi 
P" 

SULLIHITI IC/IICl 1KDI 

SC IlKilOS/[I AT 25 Cl 

SC I W O S / U  AT 25 Cl IPLDI 

ms insum AT loo CI 
W A C  SUSPmED SOLIDS 

TIRBIDITY 1-1 IFID1 

W&ER m P P A T L T 3  ICI lPLDl 

-. -OD CO"STINBKIS -- 
UYICIW IUI DIE 

WCXBSIW 1%) DIS 
SODIW (HI1 DIS 

POZIESIW 1x1 OIS 
W A L  lWULiNlTY AS UCO3 
W U  ICIDITI A9 Urn, 

BIULPBOIUITE (WMII 

UYIBOIUITE u m3 

SVLFATE ISM1 
-ZIDB In, 

-- HmAI,s L MINOR rnSTINEITrS - -  
kRSBNIC [AS) DIS 

AR3mIC (AS1 m T  

UlSKNIC r3  

IYLSWIC .S 

UOIlIVll 1191 DIS 

UOIlIVll 1191 m 
L3LRMlW la1 DIS 

C H E O I I I ~  I n )  mr 
COPPER IN1 DIS 

mPPeR IN) m 
LglD IPBI DIS 
LUID IPBI TOT 

ZINC IWI DIE 

ZINC 1731 7.n 

SUIPLI TYPE: CIIOYXDYATEP. - -  

m s :  ~ 1 1  result. in n g / ~  (~arrr) or -/kg (soill un1e.a noted and are Iaborarory lml unless field IPIDI or calculated I-I 
XX:TOC~I; DIS;D~~.O~VCO; TXC:TD~~I x=L.cw.~I.; E:ISZ~.YZ~~; =:LC.. m a n  a r s s r .  elm*: parararer nor rnsreo 





- -  PWYSlUL P m m  - -  
D E P M  TO HATER lgVhL IFKKTl 

OXYGEN (01 (FLU1 

PH ICWI 
PW 

SlYIIHITT (C/ffil  1Fl.D) 

SC I m O S / M  AT I 5  Ci 

SC ImWDS/P( AT 25 CI ( M I  

ms I- rr 180 CI 

XIIU. SUEP-$D SOLXDS 

m l D x T Y  I r n l  (FLU1 

W I m  m P B P A I U R E  ICI IPLDl 

- -  IYJOR ~ N S T X ~  - -  
U L C x l m  (CAI DIS 

MGNE51D)I 1%) DIS 

sooxrm lNIl  0 1 s  

QVrISSlUIl IKl DIS 

TOTAL lLUUlXWlTY IS Uml 
TOTAL I1CIDITY IS Uml 

BICmEaNIIIE 1.m11 

C m E a N I I E  IS m3 

SITLFII6 I S M I  
(RUIRXOE l a 1  

- -  l lEZl.5 L MIHOP CUNSIXIUENIS - -  
ULSWXC 11\51 D l 5  

ULSENIC 11\51 TOT 

ULSENIC -1 

ULSENIC rS 

m x w  l r n l  0 1 s  

ULP(l"M ( W I  TOT 

m 0 M I " M  ICRI DIS 
CMIO(l"M ICIII m 

m P P m  INI DIS 

mssm  mi m 
LBLD I W 1  D I P  

L W  IPBi TOT 

ZINC I W I  DIS 

ZINC l l N l  701 

- -  S U P U  TYPE: CIOG%UWAIEQ - -  

11-11 11.30 

TSC-SLC TSC-SLC 

L 9 9 1 0 5 8 - 1 1  L 9 9 l O 5 8 - 1 9  

D"PLIC1ITE 

BYT-9906-255 m - 9 9 0 6 - 2 5 6  

m: a1 r..ult. i n  ng/L l u a r c r l  or -/kg I s o i l )  unl... n o r e d  uld ar. Ilborato~y I m l  un1.s. fi.16 (?ID1 or c a l m l a r e d  IUILCI 

m : ~ o r . a l :  D x s : D i s m o l n d ;  m c ; T o r = l  i .conr.ble; z:~.rilured; -:~e.. man wrsct .  n l d :  mr-rer nor rested 
V a l l d . r i o n  F l a g s :  I : lv l - lous ;  Wl:Bl.n*; R . W l :  S t a n d a d ;  J 3 : H o l d  Tim; J4.WI:DYpllC.Le. S p i k e .  or S p l i L  PIC..dUIcC; 

P:nC].SCCO. 



SI7S CODE W - 2 2 A  

SWPLE D&lT 06/16/99 

SUDLE nm 14:oo 

UQ ISC.SLC 

LLB m E P  L9'11051-26 

UYIPLS W E P  kVI-9906-263 

- -  PHYSIC&& PAUKETEPS - -  
DKP1H XI Ilim LEVEL IFEETl 

o x m m  (01 IPYII 

PH 1FY)I 

PI 

SALINIT, iC/ffil IPLDl 

5C IOIMOS/CI( a7 25 CI 

rc  urno or la AT 2 1  CI IPLDI 

ms IIIYLSMED AT l a o  cr 
SUSPEhDW SOLIDS 

' N W I D X I  IKNI  IPY)) 
*im -emAnna 1cr I n n 1  

- -  W O i l  CONSTIIWTrS - -  
cucxm ~ C A I  ~ I S  

wNEsrw l l l j l  DIS 

BOOIW OVA1 016 

FGTASSIW lK1 DIS 

ma m L w i n  AS C A ~ ,  

mu ACIDIT, AS Urn, 
BICUL80WATE IHC031 

W O W A T %  AS C03 

IULPlTK I S M )  

W RIDE In] 

- -  mu L MINOR C O H S ~ ~ N B L ~  - -  

a AVSENIC (AS) DIS ~ 0 . 0 0 5  

M S M I C  IASI 0.011 

ULSrnIC ., 0 .005  

AVSSNIC -5 <O.005 

urrrrw i m )  o x  <o.oo*  
UDlllW 1 m 1  m .0.002 

LWPDlllDI ICILI DIS 0.011 

C m C n I W  (OLI m 0.022 

COPPPP 1 m 1  D I P  <O.OL 

COPPER I N 1  TOT '0.01 

L E U  IPBI DIS -0.005 

LEUl lPBl m ' O . D D 5  

ZINC 1ZNI DIS '0.005 "34 

Nms:  U 1  renrlrs in w / L  lu.rsr) or -/kg ( S o i l 1  - l a s s  aored and arc 1.Dracory i w l  un1.s. ci.ld 1-1 or c.lcu1ac.d ICILC) 

~:ToL.l; D1S:Dissolv~d; 'TRC:TOLal ReCW.rab1~; I:LsCimL.d; c:Le.s m a n  mcecr. Blank :  par-rcr nor tesred 

-q'~cpcl ul.0 06/95 using s ~ \ s t ~ c ~ r \ \ l S m r o 6 . D $ .  Pas. I H Y ~ L T I C S .  m c .  11 /31 /97  



S I R  CODE BV-238 

BIllPLE DIR 06/15/99 

S W L B  TIM6 09:OO 

un tsc-SLC 

ULB WWBm L991057-X5 

W P L B  -ER EM-$906-232 

.- lUTOR C O U S T I ~  - -  
U L C I m  ICAI DIS 

-SIU?4 1%) DIS 

SODIUM INN DIS 

m ~ s s z m  I K I  DIS 
mAL LLUU.I,,I'm As UCOl 

mAL ICIDIII AS -3 

BICARBDXIR IHCOI) 

m o m t e  As m 3  

SULrAIZ ISMI 
-RIDE la] 

-- METALS L MIWOR CONStIIUEhTS -- 
ULZLllIC IASI DIS 
U(SBNIC rrs, m 

U(SBNIC r3 

m W I C  .S 

U L D * I ~  1co1 ora 
C M I ~  lm, m 

WOlllm ICRI D I S  

LWIIOIIIU?4 Icn) X1Z 

COPPm IN1 DIS 

COPPER I m )  m 

LZAD IPS1 DIS 
LPLD IPB) m7 

ZlNC 17.W DII 

validation P1.9.: A:m-lous; W1:BlUU; J1.UJl: Standad; J1:Hold Ti-; JI.Wl:hrplicaLe. Spa.. or Epli= OI~.m&anca; 
a : R ~ j e c r d .  

r q u v p t 3  v1.0 06/95 using .:\srarout\\lSWWOC.DBI p.9- 9 W-LZ~SS.  1.c. ~ 1 1 1 ~ 1 ~ 1  



-- P X I S I U L  PIIUIIBZWS - -  
DBPM X) WITSR LHYeL I r S h l I  

OXYGm 101 IMI 
P11 I N )  

PH 

S U . I N I T I  lC/I(CI 1PLI)I 

SC IUIMOS/DI 1LT 25 CI 

SC lUllXOS/PI AT 1 5  CI 111O1 

ms i w a m ~ . ~ ~  AT =so cr 
mrU. S U S P m B D  SOLIDS 

7 t R B I D I T i  IUNI IFLDI 

IUm C B I I P K P A m  IC I  ( M I  

- - W O P  mNS7I-s - -  
U L C l V I l  lULl  DIS 

mRmsm lffil DIS 
UlDlUl (LUI DIP 

W T 1 5 B l m  IIII DIS  

mu ILULINITI AS urn, 
mu, ~CIDITI as urn, 

BXUIIBONATB I W W I I  

U l l S O l U r s  15 m1 
SULFA= I S M )  

naaarns 1-1 

- -  * E I U  L MINOll COIISTI1WITS - -  
AeSrnIC IISI DIS  

LPSFNIC ( u I  m 
.uISWIC -1 

m W I C  -5 

UDllIm lml DIS  

UDllIUl 1-1 T O I  

LimmIm 1-1 I I I S  

rnOWIYI (  loll m 
COPPER I N 1  D IS  

COPPEP I N 1  T O I  

LYLD I W I  D IS  

LSAD IPBI T O I  

21°C <Mi D l 5  

N m S :  nl r e s u l t .  i n  q / L  I l r ~ a r l  or -/kg l s o i l l  unless mLca a n d  .ra lahorarorf lm1 un1.s. f i e l d  lrw1 or c a l c u l a t e d  lml 
TOI:TOL.I; D I S : D ~ . S O ~ ~ ~ :  TRC:TOL.~ P I C W ~ ~ U Q ~ ;  B : I I . L ~ ~ L . ~ ;  <:LC.. man a r e s r .  a l u u :  mr-rsr nor cc.r.d 

. w q ~ l r p ~ 3  "1.0 06/95 u s i n g  . : \ S C . ~ ~ ~ C \ \ U W L W O L . D ~ ~  P.9. 10 Ih /d-Lr i~s.  1°C.  11/11/97 



SITE m o n  
SUIOLE MTE 
PUlPLB TIME 

IILB 
La3 mYI 

P- 

SUIPLE W E E  

- -  P A I S X U  P- - -  
DB- m r r m  ~ B W L  I R ~ I  

OX%W 101 IPLDI 

PR [ M I  
PW 

UU.INIII IC/XCI IPLDI 
SC lWOS/OI AT 25 Cl 

SC IOM(OS/DI AT 25 CI I?LDl 

ms I-- rr 180 cr 
101- SUSPmBD SOLIDS 
m m 1 T Y  lrrml Irml 

Y A I I  raPBPIrrmB ICI ( M I  

.- W D I  CUNSTIlUXUIS -- 
UUCIGU [CAI DIE 

WL?4KSIIM lffil DIS 
SODIU* INII DIS 

mLISItZ4 1x1 DIL 
ALlUllllry As Urn, 

m A L  &CXDIII u u m 3  
BIULPBONITE IRmll 

c&PaON*TE as m, 
mrrm [so,, 
-BIDE gar 

-- n e r u  L MINOR m m r m  - -  
ULSanC 14.51 DXS 

W W I C  1-1 m 
ULSWIC - 3  
ULSWIC -5 

UD*XIM ICDI DIS 

~ I I M  ICDI TJI 
c"RC11xIM ICXI PIS 
(gilC.lrm ILpl m 
mwn IN) DIS 

m P P m  IN1 m 
LM D  lPBl Dl5 
LUD rPsl m 
ZINC lZNl DIS 

ZINC IZNl 

m s :  &XI realt. in W/L (water1 or -/kg lsoill ur.1e.s norad .nd .is 1-rarory 1-1 ul1t.s cield ( M I  or calcu1ar.d IULCL 
~ : T O L ~ I ;  OxS:Di~s~lved; mc:total ~ e ~ ~ ~ r a b l e ;  I:IsLi=a~ed; ':less man mcecr. slnn*: pr-rcr nor r e s r d  
validation r1ag.1 ~:ulaulou.; w1:81.n*: JZ.WI: SrandaM; JI:HOM TI-; ~~.~~~:hrplic.re. spike. or split Wc.=danca; 
a:asjecr.d. 



-- PYYSIUU. P,xwmzRs  - -  
D S ~  m WATER LEVEL I P S ~ )  

oxmm 10) ( M I  
PI ( M I  

PW 

SUINITY IOIXCI trml 
SC l W D S / M  AT 25 CI 

sc IOIU(OS/~ I.= 2s CI I P ~ I  
m s  i ~ ~ l s u ~ n ,  AT xao CI 
TWTAL NSP-BD SOLIDS 

.NILBIDIT? IXRJl IFLO1 

W I I Z B l l  TmPmm ICI ( M I  

- -  mu ' M1Nc.E C O I I ~ m s  - -  
ULSMIC IS1 DIS 

ULSmrc I S 1  m 
W W l C  .l 

m m 1 c  r 5  

UDIIIUI( ImI DIS 
UDllIvn ICDI m 

CNROMIVI( 1011 D I I  

CnnrnIuII lLRl m 
COPPm I N )  DIZ 

mPPm IN1 m 
ldlO IPBI DIS 

LBLO lPBl 7VT 

Z l H C  (IN1 DIS 

ZINC ( M I  I W I  

N-; U l  casulr. in a ~ l L  (Y.=.rl or -/kg (Soill un1.S. n0t.d ulb ire l.box.L~ry 1118) Un1.n. tield I-) 01. ca1~1 .C .O IC1LLCl 

~m:roral; ~ ~ s : ~ i s s o ~ v e d ;  ~C:TOC.~ ~ e c m r a 8 l s ;  s:~nciwced; <:u.s mm Der.ci. mm*: 'kra-c.r nor r.sr.d 
Y a l I d a ~ i ~ n  P1.g.: I:--lous; W>:Bl.nX; Jl.Wl: Srnndsrd; J1:Wold T i m ;  J4,WI:hrplic.rl. Opik.. or Split -c..d.nca; 
I:I.j.CLcd. 

. vquupt1 "1.0 06/95 using s : \ . r a r o u r \ \ ~ ~ ~ 0 6 . ~ ~ 1  ~.gr 12 Hydrmu~rics. ~ n c .  121311)r 



.- PRYSICU. P-m - -  
D L ~  m *A- L ~ L  1-1 

OXYGEN 10) IFID1 

PH IFLDI 
PH 

SALINITY IG/KGI IFLD) 

sc I ~ O S I P I  AT 2s c )  
SC IO*WOE/m &T 25 CI IFY11 

mr IMW.SUPD rr zao c )  

SUSPENDED SOLIDS 

n n s r o r n  1-1 I-, 
" A m  m m m  ICL IFLDI 

-- W O R  WNSTITUZXIS - -  
u c 1 m  1-1 DIS 

IUOXBSIm 1%) DIS 

S O D I m  IN*) DIB 

POIIIEIItW 1x1 DIS 

ms ~ I X I T Y  N Urn, 
T O T U  ACIDITY N L S I  

BIULPBONATK l B m 3 l  
-0K.m )rS CO, 

s V L r Z E  1SO.l 

OWRIDS i n )  

- -  ME-XUS i MINOR m N n ~ m  - -  
ULSENIC 11151 C I S  

-WIG 1115) SOT 

m W I C  -3 
ULSWlC .S 

w r m  ( r n )  DIS 

UYI*Irm ICD) m 
C4ROIIIc*I ICRI DIS 

-Ot(xm ICR) m 
CQPPSP I N 1  0 1 5  
m e P m  I N )  m 
LUD IPBI DIS 

IPBI SOT 

ZINC IZNI DXS 

-6: N1 r e s u l t s  i n  w / L  1uac.r) or w l k g  l s ~ i l l  un1.s. n o t e d  and are 1 a I m r a t o r y  1-1 u n l e s s  c i a i d  1-1 o r  ~ 1 ~ 1 a t t d  I U L C )  , 
T0T:TOL.l: D I S : D i . s o l ~ . d ;  T'XC:TOL.l P e C W C l l b l e ;  I : E s t i t m L W ;  c:L.=s ThlO Detect. Blul*: p.ra-L~r not LemLed 

v a l i a a r i o n  l1.g.: ~ : u - l o u s ;  w 1 : B l W ;  J 2 . W :  S t . n d . r c ;  n : ~ o l d  T i e ;  J l . w I : D u p l i c . r a .  spik.,  or s p l i t  ~xc..d..rc.; 
a : a s j s c t . d .  

. wqanrpr3 vz.0 0 6 / 9 5  u s i n g  s: \ .rarour\\UmUo6.DB? p.9. 13 nyd-rric.. xnc. L ~ / ~ I / s ,  



- -  "NOR C D N s T I ~ b  - -  
U U 1 m  l a )  OIS 

WmIKsIW lffil 01s  

SODIW INII 015 

mrrs1VII lr.1 DIS 

101- IU.U.IHITI IS a m 3  

mu ICIOl,-, IS a m 3  

BICARBONI.TII , 8 0 3 1  

ULBOHITII IS m3 

SYLPATB ( Y U I  

CMRIDE la, 

.- l5rJ.I.s ' MINOR m s n m  - -  
U L S ~ I C  r r r r  ~ I S  
m m 1 c  (As1 m 

UVj.NIC r, 

lUlSWlC -5 
UMIW ( m 1  DIS 

UYI(IW ( m )  m 
CRIL011lW l a 1  DII 

oolrnlrn ,mm T G  

W P P W  I W I  D I E  

W P P W  I N 1  - 
I.= IPBI  DIS 

LYLD IPBI  101 

ZIliC <,."I 01s 

ZINC IZNI 101 

N m S :  a11 r..ulZs in q / L  (*.rerl or -/kg 1Soil1 ul1.s. nored .nd arc llbor.con/ 1-1 am.. riald 1-1 or ca1N1ared 1-1 

m ; T o ~ a l :  DIS:Di..olr~d; IUC:Tot.l L!.cmrLDlel B:B.L~IIL.~;  ass Than r*r.cr. Blank: -re. nor r s s r d  
Validation *lag.: A:hx-lou.; W l : B l a ;  J 2 . M :  S~Md.fl; m:lold Ti-; JI.w~:Duplica~e. SpIU. or split mc..burc.; 
a:a.j.crca. 

. wq-tl v1.0 0 6 / 9 5  using .:\.c.c~~~\\UB~LMO~.DBP p.9. 1 4  



SllB CODE 

SAMPLE DATE 

S m P L B  Tl l lh  

UB 

UB m S R  

SAMPLE mBII 

- -  PHYSICIL PmAnFtEIIS - -  
n e m  m u r m  LBVDL (WETI 

OXYGEN 101 l S Y l l  

P. llml 
P" 

U L L I N m  l G / C l  1-1 

SC IYIMOS/OI AT I S  C l  

SC I W O S / O I  AT 1 s  CI I M )  

ms 1-mm AT I80 CI 

TOTAL SUSP%VDED SOLID6 

W I D I m  IUNI IMI 

"Irn Z E I I P B I U r n  IC I  I ~ l  

- -  MAJOR CONSTI-S - -  
WCIIM ICAl DIS 

lYLCHESlW lbG! DIS 

SODICIM IN&) DIS 

P D l U S l f l l l  1x1 D I S  

I w n L  ALKN.IN1I-i As U r n 3  

ma rc1on-i AS a m 3  

BICARBONATE I I ICOII 

-=IS 15 m, 
5DVIIS IS0.1 

c m n i l x ~ h  la, 

- -  i MINOR CDHSTImBNIS -- 
U S W I C  1151 DIS 

mm1c I151 m 
U L I W I C  -3 

m s W I C  rs 

-1W 1-1 DIS 

UDlllW 1 m 1  m 
owmxm ICPI DIS 
PIIIO(II"M 1 m  m 

COSPhil ICUI DID 

CUPPER INI XIZ 

LEUl lPB1 D15 

LEUl IPBI TOT 

ZINC ILNI  D IS  

m s :  ~ 1 1  rcsulr. in  q l L  l w a r s r l  or -/kg Isoil1 un1c.s noted ud are Ilborarory lwl un1.s. f i e l d  1-1 or c a 1 ~ l a r . d  lUCl 
m : T o L a l ;  I)IB:DissOlrcd; TRC:TOLal Iscoverable; I:B.LiML.d: .:L.sm - k L e C L .  Blank: m l e r  DOL L c s L . ~  

Y a l i e r i r m  ?lag.: k:hnmulous; UJl:Blank; J 2 . w :  St-rat J3:HOld T im;  JI.WI:DYPliCaL., Spike. or SpliC KxC.danC.;  

a:aejacr.d. 

. rplniprl "1.0 0619s w i n g  s:\sratour\\158vLWD6.DBI D.9. I S  MY-rricn. lns. 12/31/97 



S I R  mDh 

W P L B  Lum 
S W L E  TIM6 

rn 
ULB m K R  

m F . 5  
W P L B  m h R  

- -  P K I E l U  PUUYIPTBRS .. 
osm m u r m  L ~ M L  I-I 

0xn;m (01 l M ,  

PH ( M I  

PW 

SAL182lY IG/nor <FLU1 

sc i m s / a  AT 2s CI 
OC IrmWOS/U IT 25 CI I M I  

IDS IllEIZURBl IIT 1 8 0  CI 

m A L  SVSPBNDLD SOLIDS 

m I D I T I  IKNI I-) 

"Am TmPBRIIVPE ICI IPLDl 

- -  mus L HINOR rnNslrmBKI5 -- 
lRZBl1C I N 1  D I P  

U U W I C  ,AS1 m 
ULZWXC -3 

ULZWlC -5 

cuum Im) DIP 

09nIVll ICDI m 
mO11IW lLR1 DIS 

c+RLOIIxY* ICRI To1 

COPPKR 1 N I  DIB 

COPPm I N )  m 
LBUl lPBl DIS 

LBID lPBl XIT 

ZINC 17.") DIS 

ZINC 17.") m 

*Y-1O,SIYl 

06/17/99 

1 0 : 1 5  

TSC-SLC 

L991086-3 

*Y-l05DIYl 

06/17/99 

>1:00 

TSC-SLC 

L991086-4 

m s :  U1 r.sulcm i n  v / L  lwarerl  or -/kg I S o i l l  u&.ss n o t e  md m laborarory l m l  un1.s. C i e l d  ( m I  or c a l c u l a t e d  1-1 

m:IDL.l: Dls:Di..Ol".d; mc:ToL.l n.c-nb1.; 8:B.LiceaL.d; .:la.. Thur m f . C L .  B l w :  pa-t.r nOL L..L.d 

V a l i d a t i o n  ?lag.: A:--lous; Wl:Blu.*;  J2,Wl:  sr.nb.d; J):uold T i m ;  J..W~:mplis.c.. spike, o r  s p l i t  ~xc..dulc.; 

R:noj'cred. 

w.nrptl v1.0 06/95 u s i n g  . : \ . C ~ ~ O U ~ \ \ U I V W O L . ~ Q I  page 1 6  ~ Y a r y a r t r i c . ,  m c .  11/31/97 



SITE WDB 

U.IIPLE DATE 

S W P L e  TIMS 

m 
m mhx 

S W P L E  HUIlsBR 

- -  PHYSICAL PUUllERPS - - 
DSPM m warn LML 

OXYGDN 101 IFWl 
PW IPLDI 

PH 

SALIWITl  lG/KGl IPLDl 

S C  I W O S / P I  &T 25 Cl 

PC lm(HOS/Dl  AT 25 CC) IPLDI 

m S  I-- &T 180 Cl 
W A L  S O S P E M l m  SOLlDS 

rrmaXD1TI I r n l  1 m 1  

Y a m  r n P Q I U T W  ICI IPLDI 

ZINC I W I  m 



S I T E  CDDE 
SAMPLE DATE 

S W P L E  T I I I B  

UB 

Lm NYnsER 
S U I P L E  NYnsEP. 

- -  PMSlCAL P A L w m m s  - -  
D e m  m u r m  ~aver. I r s m  

oxmw 1 0 1  I F ~ I  

PLI I P W 1  

P" 

S I L I N I ~  . I G / ~ I  I W I  
SC I U b W O I / M  AT 15 CI 

sc I U I M O S I ~  AT 22 CCI IPWI 

ms I-- AT 110 CI 

m*L N S P m W  S O L I D S  

m I D I T Y  i U N 1  lP-l 

YATSR m P B I U l t m B  ICI  I I W I  

- -  -OR C D H S T I T m m S  .- 
ULCIUl lCAl D I E  

MAmmSIUl 1%) D I S  

S O D I U l  IIRLI D I P  

S O N S I W  l r l  DIS 

TOTAL l W U L l N l r Y  AS U C O 3  

mu A C I D I m  As U r n 3  

BI-HIZD lWC[)Il 

0 9 8 0 N A T E  AS CD3 
smmm ISOII 

OUQRlDB I U l  

- -  -us G ~ m *  mmmxTmms - -  
ARSENIC IASI D I S  
U S M I C  I L S I  X T r  

ARSENIC r, 

ARSENIC - 5  
-lW lCD1 DIB 

uonxw C a r l  m 
rnO*IVI( C m 1  DI* 

a ( R m 4 l U l  I m I  m 
COPPER I N 1  DII 

m P P m  INI  m 
LBU1 IPBl  D I S  

LBID l P B l  ZDT 

ZINC IWII  D I S  

-9: A l l  rrsu1r.1 i n  o g / L  I n a r e r l  or w / k g  l s o i l l  ulless n o t e d  .nO a n  llborarow I L m l  un1e.s f lc ld  1-1 or c.lcu1.r.d IULLCI 

'KT:Tor. l ;  ~ ~ s : ~ i s s o l n d :  TEC;TDL.I Rat-=able; E : B S L I ~ ~ L . ~ ;  r : ~ 1 s .  man D.~.cr. nl&: pararer  nor r..r.d 
Y . l i d . L l o n  I1.g.: A:.ui-lOU.i U J 1 : 8 1 & :  J 2 . W I :  IrYld.fl; J31W01d  Ti-; JI.WI:DIP~IC.L~. S p i k e ,  O r  S p l i t  Bxce.d.nc.i 



S I T E  CODE 
mPlre DATE 
SIYlSLB +I= 

Ug 

UIB m m  
UIIPL. m m  

.. P H I S I U  PUUIlRBRS -- 
D B P M  X) WATER LEVEL l W E T l  

OXYCm I01 I F W I  

P. I P W 1  

PLL 

SALM15.I IC/KCI I P W l  

I C  l W O S / P I  11 25 CI 

SC I W O S / P I  a7 25 CC) I I W I  
TDS I-- IT 110 Cl  

COT- 5 Y S P r n E D  SOLIDS 

r n I D I T I  I U N I  I M I  

UITER W I P S D A m  ICI I M I  

- -  M O P  m N S ' I l I W S I 5  - -  
-1"M Ic .1  P I S  

~ S 1 " M  1110) D I S  

WIOll 1-1 D I S  

m T A S S I r n  1x1 D I S  

XmL W I N I T I  15 a m 1  
ACIDITI N u m l  

BICULBOrnTE 1.m11 

CULBOrnTE IJ m1 
PYLQITE I S M I  

C1(00EiDE ICLI 

- -  lWlLZ ' "INOR C O H S ' I I r n  - -  
U L S W I C  1A51 D1S 

ULSWXC I N )  mr 
U L S m c  -3 
U L S m c  .s 

UDllZU ICDI DIS 

U D I I I r n  I W I  COT 

c.xIv*IIIRI ICXI DIS 
-CIIrm ,-I COT 

m P P e n  ICDI DIS 

COPPER ICDI m - IPBI DIB 

ISAD IPBI COT 

IIIX. IZNI DIS 

ZINC IZNI TVT 



- -  W O R  COWSTI-S - -  
U I L C f W  I U I  D I S  

l4aCNSSIW I W I  D I S  

S O D I W  I X I I  D I S  

WTASSIVII 1K1 D I P  

lwru l L l U L I N l l l  AS Urn3 
lwru A C I D I l l  AS U c o 3  

B l O r l l s O l U Z B  1.rnII 

U I Y I O l U R  AS CD1 

S Y L P A R  I S M I  
CUORIDB 1m.l 

- -  -US ' "INOI C O N S I I ~  - -  
ULSPlllC I S 1  DIS 

U~SBNIC IIYI mr 
mMIc .I 
=BIT= +I 

LWMIVll lLDl D i E  

CAmIUn 1 m 1  m 
a(Pm1rm ICZI D I E  

a(Pe4rw 1W.l m 
COPPER I N 1  D I S  
W P P -  I N )  'Rn 

LZ&D IPBI DIB 

lam IPB1 m 
ZiNC 17241 DIS 
ZINC ILYI m 

U)(PLB N P B :  O " U 1 N  CONlROL - -  
B P S  

06/16/99 

R ~ S :  111 r e s u l t .  i n  W/L i w a r e r l  or ~ / k g  ( s o i l l  unless noted w arc l b r a r o r y  1 m 1  u.l..s t i- ld 1-1 o r  ulcu1.cd ICUCI 
~ I : T D C . ~ ;  ~ r s : ~ i s . o l v e d ;  TRC:TOL.I ~ e c o n r a l . ;  I:B.rinut.d; =:Less Than D ~ C - C L .  B l a n k :  paruo.r.r not test-d 
U . l l b . c i o n  P1.9.: )I:An-lou.> aT1:01-; J1.aT1: It-*; J3:BOld T i e ;  J I . W I : D Y P ~ ~ C . L . .  S p i L . .  Or S p l i t  %C"d&nc.i 

a:asj.cred. 



DI n- 
06/15/99 

ll:oD 

TSC-SLC 

L991057-20 

B u m  

BVT-9906-217 

DI BUUR. DI BUNU 

06/16/99 06/37/99 

13:15 15:10 

TSC-SIC TSC-SLC 

L991051-23 19910e6-16 

BYUIX BLANK 

bVT-9906-260 BYI-9906-283 

RINUTB 

06/lO/99 

19:45 

TSC-SLC 

L991O.l-li 

u m  
BYI-9906-210 

-S: &I1 ~ ~ N I L .  in -/L (Water) or -/kg (50111 unless noted md arc l * o r . C O l y  IYIBI un1e.S field IlLDl or c.lN1aL.d lUUCl 

lUT:TOt.l; DIs:Dissolved: RC:TOLal IcFWernb1.; 8:BztinaLCd; <:US. llllD DeCcCL. Blur*: par-L.r nor t.sLed 
Validation P1ag.r &:-lous; UJ)171:81m; J2.IU2; standaid: J3:Hold T i m ;  J~.WLTI:DYP~IC.LC. Spike. or Split Uc..dulce; 



.- P W S I U  PARMmExS - -  
PH 

EC IUIMOS/C4 ZaT 22 CCI 

m S  I m L X K D  1T 110 CI 

TOTAL S Y S P m B )  SOLIDS 

- -  m o i l  CONS TI^' - - 
CLVlm lULl DIS 

l Y U i W S X v I l  1-1 DIP 

SODIUM INII DIS 
W I N S I m  1x1 01s 

TOT= lrWULXNIII AS ULml 

XI?U ACIDIII 1LS ULCOl 

uxcaP2oNIm IWCOll 

caP2oNIm 15 CO1 

s"LPhm IS041 

WPIDB in1 

-- KCTALE L MINOR COHSTI1WTn - -  
UlSBLIIC <=I DXS 

UlSKNlC (IS1 TOT 

ULSWIC .I 

ULSBHIC r 5  
UDWlm ICDI DIB 

um1m I r n I  mr 
CMLOllIUW (cn1 Dl5 

mw1m 1m1 mr 
COPPER 1Nl DIS 

COPPER IN1 TOT 
LBLD IPS1 DIO 

LBLD IPBI TOT 
ZINC IWI DIS 
ZINC IWI TOT 

IINSIIm 

06/14/99 

17:lO 

TSC-SLC 

L991057-14 

BLWI( 
BYT-9906-210 

RINSATS PIHSAB 

06/>5/99 OL/16/99 

1 1 : O O  11:10 

TSC-SLC TSC-SLC 

L9910S.-11 L9910511-24 

BYYII: BYYIT 

BYT-9906-248 BYI-9906-261 

NOZOS: u 1  rssul~s in -IL ~water~ or -/kg (soil~ d e . s  noted and ere lahratory 1-1 unless field Iml or s.lcul.c.6 ICUCI 
TOT:TDL.~~ DIS:l)iSs~l~.di T I C : ~ L ~ I  ~ec-r.blm; B:E.IIML.~~ -:~e.. man mrccc. IIW;S p.ranrr.r not r.sr.6 
YalidaLiOn Flags: I:An-lou.; W1:81W;; J2.W1: 3nnd.d; J3:llold T i m ;  J4,Wl:hlDlicaia. Ppika, or SDliL BCaeOIOC.; 



- -  PWSXCIL PUUllPrallS - -  
M Y  19.l/mir.l 

0Xx.W I 01  IPIDI 

OW I ~ I  
PH 

ULXNXTI ICIKGI IPIDI 

sc rmmorla ar 15 cl 
PC IWOS/OI AT IS CI I P W I  

ms 1MmS"Q.m AT 180 CI 

10111. SUSPENDED SOLIDS 
luRnsD1m 1-1 1-1 

WATER m P Z D A m  IC I  1-1 

-- IWm ' MINOR COI1STIms  - -  
ARSWIC 1 1 5 1  01s 
U.SWIC I N 1  TOT 

ULSWIC +I 
lYLSENlC .S 

u m x r n  ern) DIS 

CLDI(Irn ICDl m 
O(ILC*IVII (-I DIS 

-1m (mil) X)? 

COPPER IUJ) DIS 

COPPER I N 1  TOT 

LBLD IQBL 01s 
LEI0 IPBI X)? 

ZINC IMI 01s 
irXC IZHI x)? 

Valid.r.ion Flags: I:IUI-lous; W 1 : B l a ;  J l . W l :  SLuldard; J3:HOld T i x i  JI.WI:CUPlICaL.. Spike. or s p l i r  Elce.dmc.; 
P.:Rcj.cc.d. 

wqmrpL1 "1.0 06/95 using s ; \ s n r o u r \ \ N P n w o 6 . D e l  Page 13 H m c r t c . .  u. 11/31/91 



- -  PINSIOJ. P m A w m P . 5  - -  
FU)* Ig.l/lulll 

OXYCW 101 IFLOI 
PH lPLDl 

PW 

S~~LXSXTI ICI~GI I?WI 

SC ImOSfC* AT 25 CI 
SC lUIMOS/PI AT 25 CCI ISWl 

ms I-- AT Lao CI 
IVTAL SVSPrnBD SOLlDS 

r n 1 D I T I  1-1 lrnl 
U I r n  m P m W  ICI Irn1 
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SUMMARY 

Grab samples collected for the Everett Storm Water Investigation during January of 1999 were 

analyzed for total and dissolved arsenic, cadmium, and lead at Asarco's Technical Services 

Laboratory in Salt Lake City, Utah. These data have been reviewed in accordance with the 

EPA's data validation guidelines (EPA, 1994) and the project work plan (Hydrometrics, 1998). 

Deviations from prescribed quality control procedures andlor exceedances of quality control 

limits have been noted, and results have been flagged in the database. All tables are in 

Appendix 1. Data validation flags are defined in Table 1. A complete listing of flagged data 

including the reason for each flag is in Table 2. The sample database is in Appendix 2. Samples 

specified in the work plan were collected during two main January storm water events. Six 

additional samples were collected including two on February 5, two on February 22, and two on 

March 19 to funher address three areas. These six samples were not specified in the work plan, 

and therefore, no field quality control samples were collected. The following summarizes data: 

Data quality objectives for precision, accuracy, and completeness have been met for the 
data covered in this repon; these are discussed in Section 11. 

Twenty-five flow measurements were recorded during the two sampling events in 
January. All of these were flagged 'E' for estimated. Since these flags are not due to 
quality control violations, the estimated flows are not counted as 'flagged data' in 
completeness calculations. 

The following quality control violation resulted in the flagging of data: 

The field duplicate collected on January 18 was out of control limits for total lead; the 
founeen total lead results from samples collected on that day were flagged to indicate 
the possible lack of reproducibility. 

Overall numerical frequency requirements for field and laboratory quality control 
samples were met for the two major storm water sampling events in January. However 
due to sampling conditions for the January 18/19 sampling event. field procedures 
specified in the work plan were modified for collecting field blanks and for measuring 
field parameters. (See Section 3.) 

Two additional grab samples were collected from sites SEEP1 and SEEP;! on February 
5, and were submitted to CCI Analytical Laboratories, Inc. in Everett, Washington for 
the analysis of total arsenic (EVT-9902-SEEP1 &-SEEP;!). This sampling was not 
specified in the project work plan and therefore, no field quality control samples were 
collected. 

Two additional grab samples were collected on February 22 from two manholes and 
were analyzed for total arsenic, cadmium, and lead at Asarco's Technical Services 
Laboratory (EVT-9902-900 & -901). This sampling was not specified in the project 
work plan and therefore, no field quality control samples were collected. 



Two additional grab samples were collected on March 19 from SW-18 and the 
Snohomish River outfall. These samples were submitted to CCI Analytical 
Laboratories. Inc. in Everett. Washington for the analysis of total and dissolved arsenic. 
cadmium, and lead (EVT-9903-500 & -501). This sampling was not specified in the 
project work plan and therefore, no field quality control samples were collected. 

Taken as a whole, this data set provides useful information for the Everett Storm Water 
Investigation providing that the possible lack of reproducibility indicated by the flags is taken 
into account. Overall, 96 percent of the laboratory data may be used without qualification; the 
rest of the data have been flagged with validation codes to assist in their interpretation. 

DATA VALIDATION REPORT 

Prepared by: Clare Bridge 
Reviewed by: Linda Tangen 



DATA VALIDATION REPORT 

This validation applies to data from storm water grab samples collected for the Everett 
Storm Water Investigation during two main sampling events in January and additional 
sampling in February and March, 1999: twenty-eight samples were submitted from 
January 18 and 19; thirty-two samples were submitted from January 28 and 29, two 
samples were submitted on February 5, two samples on February 22, and two samples 
on March 19. The total number of samples for the two main events in January included 
four field blanks, four field duplicates, and two blind field standards. 

The six additional samples collected in February and March had no associated field 
quality control samples. These samples are listed below. 

EVT-9902-SEEP1, collected at the intersection of East Marine Drive and the 
offramp. 

EVT-9902-SEER, collected at the seep 30 feet upgradient from SEEP1. 
EVT-9902-900, collected at MH-7. 
EVT-9902-90 1, collected at MH- I .  
EVT-9903-500. collected at SW-18. 
EVT-9903-501. collected at the Snohomish River outfall. 

Validation procedures used are generally consistent with (check all that apply): 
X EPA CLP National Functional Guidelines for Inorganics Data Review - 
X Work Plan (Hydromeuics. 1998) - 
- Other 

Overall level of validation: 
- Contract Laboratory Program (CLP) 

X Standard - 
- Visual 
Notes: Field quality control samples were evaluated according to work plan 
requirements, and associated data were flagged for any exceedances. Blanks 
and duplicates were considered to be associated with samples collected the 
same day. Standards were considered to be associated with the same analytical 
Nn. 

Laboratory digestion quality control samples (laboratory duplicates, laboratory 
matrix spikes, laboratoly control samples, and laboratory preparation blanks) 
were all within control limits. 

No field QC samples were collected with the February and March samples, and 
no lab QC results were included with the laboratory data for the samples 
collected at SEEP1 and SEER.  No validation was performed for these two 
results; they were simply entered into the database. 

Verification of values in the raw data was not required for this project. 



2. DELIVERABLES 

All laboratory document deliverables were present as specified in the project contract. 
X Yes 
- No 

All documentation of field procedures was provided as required. 
X Yes - 

No - 

Blanks: Please note that the highest blank value associated with any particular analyte 
is the blank value used for the flagging process. 

DI, trip, rinsate, or any other field blanks have been carried out at the proper 
frequency. 
X Yes - For the second sampling event. - 
X No -For the first and last sampling events. - 

Notes: Concerning blanks, the project work plan requirements are as follows: 

"Cross-contamination blanks (equipment blanks) will consist of aqueous 
rinsate blanks collected from the filter apparatus from water sampling 
equipment prior to collection of a sample. Equipment blanks will be 
collected at a frequency of 5 percent or 1 per day." 

For  the first sampling event, all natural samples were collected on January 18 
and January 19. No blanks were submitted for these two days; the two rinsate 
blanks for the event (EVT-9901-125 and 126) were dated January 20. Typical 
field procedures were not followed because the rain event was not generating 
sufficient runoff to allow sample collection, field parameter measurements, and 
sample filtration to occur at the time of the event. Field parameters were 
measured, samples were filtered, and filtration blanks were collected in the 
office on the following day. 

F o r  the sampling event on February 5, no field blank was submitted. The 
purpose of this sampling event was simply to determine if two locations 
(SEEP1 and SEEP2) had similar arsenic concentrations. As this effon was not 
originally pan of the work plan and consisted of only two samples, quality 
control requirements were not followed for the collection of these two samples. 

For  the sampling event on February 22, no field blank was submitted. The 
purpose of this sampling event was simply to determine if an earlier detected 
concentration at MH-1 came from upgradient MH-7. As this effon was not 
originally part of the work plan and consisted of only two samples, quality 
control requirements were not followed for the collection of these two samples. 



For  the sampling event on klarch 19, no field blank was submitted. The 
purpose of this ;ampling event was simply to determine if an earlier detected 
concentration at MH-I came from upgradient MH-7. As this effort was not 
originally part of the work plan and consisted of only two samples, quality 
control requirements were not followed for the collection of these two samples. 

Reported results on the field blanks are less than the contract required detection 
limits (CRDL) or the project-required detection limits (PRDL) if project 
detection limits have been specified. 

X Yes - 
- No 

Notes: When an analyte is detected in a blank. associated results up to 5 times 
the blank level are flagged to indicate that the results may be biased high due to 
contamination. Results "associated" with a field blank are generally results for 
samples collected on the same day as the blank. 

Field duplicates 
Field duplicates have been collected at the proper frequency. 
X Yes - for the 60 samples submitted in January. - 
- No 
Notes: No duplicate was submitted with the February or March samples (see 
explanation above under Blanks). 

Field duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20 percent or less for water matrix, 35 percent or less 
for soil matrix). If the sample or duplicate result is less than 5 times the PRDL. 
the RPD criteria are not used. In these cases. the difference between the 
sample and the duplicate results must be within + the PRDL for water matrix, 
within -c 2 times the PRDL for soil matrix. 
- Yes 

X No - 
Notes: The samplelfield duplicate pair collected at SW-14 on January 18 
(EVT-9901-105 & -106) had a difference greater than the PRDL of 0.005 ppm 
for total lead (0.023 and 0.029 ppm). All total lead results from samples 
collected January 18 had similar concentrations, and were therefore flagged to 
indicate a possible lack of reproducibility. In all, 14 total lead results were 
flagged. 

Rags for field duplicate exceedances indicate possible variability in sample 
results due to the combined effects of variations in field sampling techniques, 
sample preparation, and laboratory analytical procedures. In this case, it 
should b e  pointed out !)that the laboratory duplicates were within control 
limits, 2)that field duplicates were created by splitting the original sample. and 
3)that the turbidity measured in the original sample was relatively high 
(150 NTU), and the sample may not have been thoroughly mixed when it was 
split. 

Flagging: J4/UJ4 



Field standards 
Field standards have been collected at the proper frequency. 

X Yes - 
- No 
Notes: One blind field standard was submitted with each major shipment of 
samples. 

Recoveries on the field standards were within control limits (80 to 120 percent 
recovery for water). 

X Yes - 
- No 

Laboratory procedures followed 
- CLP-SOW 

X SW-846 - 
- Methods for Chemical Analysis of Water and Wastes 
- XRF Standard Operating Procedures 
- Other 

Holding times met 
X Yes - 
- No 

Consistency with project requirements 
Analyses were carried out as requested. 

X Yes - 
- No 

Project specified methods were used. 
X Yes - 
- No 

5. DETECTION LMITS 

The following table lists the laboratory's reporting level by analytical method and compares 
it to the project detection limit (PRDL). 



Reporting detection limits met project required detection limits (PRDLs). 
X Yes - 

Instrument detection limits (IDLs) were provided by the laboratory 
- Yes 
- No 
X NA - This was not required for the project. 

Please note that the highest blank value associated with any particular analyte is the blank 
value used for the flagging process. 

Preparation blanks 
Preparation blank; were prepared and analyzed at the required frequency. 

X Yes - 
- No 

All the analytes in the preparation blank were less than the CRDL (or the 
PRDL.if a project detection limit has been specified). 

X Yes - 
- No 

A matrix spike sample (pre-digestion) was analyzed for each digestion batch andlor 
matrix, or as required by the laboratory method. 

X Yes - 
- No 

Matrix spike recoveries were within the required control limits (75-125 percent). 
X Yes - 
- No 

Laboratory duplicate samples were analyzed at the proper frequency. 
X Yes - 
- No 



The laboratory duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20 percent or less for water matrix. 35 percent or less for soil 
matrix). For low concentration data, that is if the sample or duplicate result is less than 
5 times the PRDL, the RPD criteria are not used. In these cases, the difference between 
the sample and the duplicate results must be within 2 the PRDL for water matrix. 
within -+ 2 times the PRDL for soil matrix. 

X Yes - 
- No 

9. LABORATORY CONTROL STANDARDS 

The reference material used was of the correct matrix and concentration. 
X Yes - 
- No 

LCSs were prepared and analyzed at the proper frequency 
X Yes - 

LCS recoveries were within the required control limits (80-120 percent for water, 
within the certified range for soils). 

X Yes - 
- No 

10. INTERPARAMETER RELATIONSHIPS 

The followine relationshios have been checked: .~~ 
X - ~ o t / ~ i s  metals. - 

- TDS vs SC. 
- Lab SC vs field SC 
- Arsenic speciation/dissolved arsenic. 

TotlDis metals: This relationship was in order with the exception of the 
measurements of total and dissolved arsenic at site CB-46 as shown in the 
following table. 

In both cases, the analyst confirmed the results by repeat analyses of both total 
and dissolved samples. Also, the analyst noted that the presence of undissolved 
residue in the Totals bottle, thus eliminating the possibility that the bottles had 
been inadvertently switched in the field. 



Project data quality objectives (DQO's) met. 
X Yes - 

Accuracv 
Accuracy for this project is assessed using blind field standards, laboratory- 
spiked samples, and laboratory reference standards. Target accuracy for this 
project is acceptance of 90 percent of these QC sample results as valid and 
within control limits (80 to 120 percent recovery for standards, 75 to 125 
percent recovery for spikes). 

Target accuracy was met. All field standard results and all laboratory QC 
sample results were within control limits. 

Precision 
Precision for this project is assessed using field duplicates and laboratory 
duplicates. ~arget-precision for this project is acceptance of 90 percent i f  
these QC sample results as valid and within control limits (a relative percent 
difference of 20 percent or less). 

Target precision was met. All of the laboratory duplicate results and 96 
percent of the field duplicate results were within control limits. 

Cornvleteness 
The target completeness for this project is assessment of at least 90 percent of 
the sample results as "valid". 

Target completeness was met; no data were rejected. Ninety-six percent of the 
laboratory data may be used without qualification (360 out of 374 laboratory 
results). The remaining four percent may be used with caution, taking into 
account the possible lack of reproducibility indicated by the flags on 22 percent 
of the total lead results (14 out of 64 results were flagged). 
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TABLE 1. 

DATA VALIDATION CODES AND DEFINITIONS 

J The associated numerical value is an estimated quantity because quality 
control criteria were not met. 

Subscripts for the "J" qualifier: 

2 - Calibration range exceeded or significant deviation From known value. 
Possible bias. 

3 - Holding time not met. Indicates possible bias. 
4 - Other QC outside control limits. 

The material was analyzed for, but was not detected above the associated 
value. 

Subscripts for the "UJ" qualifier: 

1 - Blank contamination. Indicates possible high bias andlor false positive. 
2 - Calibration range exceeded or significant deviation from known value. 

Possible bias. 
3 - Holding time not met. Indicates possible bias. 
4 - Other QC outside control limits. 

R - Quality control indicates that the data are unusable (compound may or may not 
be present). Resampling andlor reanalysis is necessary for verification. 

A - Anomalous data. No apparent explanation for discrepancy in data. (Not an 
EPA code.) 



site Code 

BLIND IXBWI ITIVD*PD 

RINSkTK 

OuLfal1 Lrm 4 4 0  Pllchuck 

~nhol. by ~urlerlalley inrcr.rcrion tm-1) 
BYLler ;lor InLD W-1 

CB-9 

CB-10 

CB-I4 

CB-ll 

CB-10 

CB-19 

CB-12 

LB-42 

CB-4, 

CB-44 

CB-46 

CB.83 

=lor f r o m  P ~ I L  line into m-2 

91%~ ~ r i n r  vier  rive 11or into m-1 
btanA.71. In Bus1.r Crm alley 
m-I 
m-1 
m.6 
~unhol. In allay by Taylo 
SBBPl .C Bast Marine V i e r  DrIm L O C C r n p  

SPPP2, 10 .  upgT.dI.nF C m  SEEP1 

s n o h d s h  i1v.r Ourcall 

SY-l 

SY-2 

SY-14 

S Y - X ~ ,  mr.. upJradi.nr wannolea C i a a  ourfall 
OW-18 

D Y - 1 9  

SEOrn *.car 
s t a n  *.car 
ELO" 

stom W.L.. 

SLOrn !..ter 

scorn w.ter 

scorn Wac<= 
scorn Y.L*T 

scorn water 

scorn water 

storm Y.L.T 

SFOm *.tar 
scorn U.t*T 

SCO- Y*EeT 

scorn O.Y.L.r 

scorn !..ter 

storm V.LIr 

Storm Water 

scorn Y.LCT 

Scorn Y.L..- 

scorn "I.LCT 

scorn Y.C*T 

SCO"" Y.L.T 

scorn ".iCr 

SCOrn WY.LCZ 

SCOrn Y.L.C 

SLDrn *.cer 
s t o m  Y.L.. 

SLOrn Wac=. 

SFOrV Y.LeC 

scorn *.cer 



ISEVSU - ASARCO. EVDT.LL FYI 

SITE CODE 

SWPI.0 DATE 

SUIPL6 TIHE 

UQ 

LIQ HUI(BBP. 

LPlULIE 

SUIPLB W B P  

- -  W E T A U  L MINOR CONSTITUENTS - -  
ARSENIC (AS1 DIO 

ARSENIC (AS1 

w n r m  (CDI DIS 
ULOP~IU~  lml mr 

LEAD lPBl DIB 

LEAD lPBl XIT 

ram varm 

NOTES: 111 resulis in W/L 1wai.rl or w l k g  lsoil) unless nored md are l.boraror/ 1-1 unless field l~wl or calculated l a c )  

7OT;TOL.l; D1S:DiSlolved; TRC:TOF.I P e C O l n r ~ l s ;  I:ESrimarsd; ':US* man Dermct. Blank: paraolrer not E e S C . d  

Ya116aLiOn F l a g s :  I:IYLIYL1OU.; W 1 : B I d ;  J1.Wl: SLL0d.d; J1:UOld Ti-: J4.WI:OUPliCaLe. Spika. or SpliL Kxc.sdance; 

a:aej.crsd. 

wanxpL1 vl.0 06/95 Using s:\sL~LouC\\UBVSY~~.OBP Pag. 1 



- -  I(S7AI.S L MINOR CONSTI-5 - -  
ARSBNIC I S )  DIS 

.uLsWIC 1151 m 
W I W  lWl DIS 

U W I W  lWl m 
I.= lPBl DIE 

L e M  IPB) TOT 

m s :  lill results in -11. l~acer) or ng/*g (soill nocad and .re ~lborazory 1r.m) un1.s. field llml of c.I~la=ad IW.LCI 

~ : T O L = ~ ;  DIS:DIS=OIV~~; ~ C : T O L ~ ~  neconrai.; e : ~ ~ ~ i n u c e a ;  <:~crs thin Dersci. 81azxk: par.=rsr nor restad 
validation ~1.91: ~:uonulars; YJI:BI.~*; J I . W ~ X  JI:YOI~ ~ i e :  J4.W4;Duplisare. spike. or split exc..d*nc.: ' 



HOTBS: 111 results in W/L lwacerl or  q / k g  1soi11 unless noted md arc 1-ratory ImI unless cield 1-1 or calcula~ed 1-1 
T0T:TOL.l; DIS:D~S.OIM; TnC:TOLnl ilecoverablc; ~:~scinaccd; r : ~ a s s  man Derscc. nlank: paramcrer nor resred 
valida~lon 1119s: .L:~-~OUS: UJX:B~UL*; J 2 . ~ 2 :  sca-rd; J1:~old rim.; JI.(IJI:DYPIIC~LC. Spike. O X  split ~xcredancc; 

?.:asjscred. 

rganrpcl vl.0 06/95 using s:\scacouC\\rZBvSW1DDDBI Pag. 1 



IlglU5 L HINOP CONBTITJEWIE - -  
UlSEllIC 11151 DIS 

ULSWIC Ills1 m 
OYIIILm IWI 01s 

CXMIIRI lWl mr 
" LEAD IPBI DIS 

LEAD IPBI TOT 

BVnEII-m-IIHI 

01 /28 /99  

1 2 : 5 0  

TSC-SLC 

L990108.10 

CB-9 CB-9 

01 /18 /99  01/18/99 

1 6 : 1 1  13:10 

TSC-SLC TSC-SLC 

L39Ol.2-ll L 9 9 0 l O l l . l l  

Cray-bl.c* 

m - 9 9 0 1 - l l ~  rn.99Ol.216 

NOTES: ~ 1 1  rcsulcs in q / L  Iwarer! or q / k g  1soi11 unless nocad and are laboratory lml unless field IPWI or c a l ~ l - c c d  1 W I  
~ : T O L ~ I ;  DIS:D~SSOIYC~; ~ C : T O L ~ I  aecov.nble; ~ : ~ s r i m r a d ;  < : ~ e s s  man Decacr. slm*: plrameccr nor rested 

V11idaLion slag.: ~ : l l n 0 ~ 1 0 u s ;  UJI:BIYU; ~ 2 . ~ 2 :  scad&ard; J):H~I~ ~ i m ;  ~ ~ . ~ ~ : h l p l i c a ~ c .  spike, or split Bxccedance: 



- -  PWSICUI PIUUIImRS - -  
smw 19.l/.i"l 

OXYCXA 101 IPWI DXS 

PH IFWI 
sc IWOSICI &T 2s CI IFWI 

msrnm IKNI 
UI\TER TEMPZPANaB ICI lFWl 

- -  *rnA'S ' IIIN(II1 C O N S ? r m  - -  
ULSBNIC I S 1  DIS 
ULSBlllC 1-1 m 
a n r u n  tml orr 
-rm t m l  m 

LKAD IPB1 DIS 

LUID IPS)  mr 

NOTES: A11 resulLs  i n  ng/L I Y ~ L C I I  or  m / k g  ( S o i l l  ulia$s noted a d  are 1.lxrraCory 1-1 un1.s. f i e l d  IFWI or c a l m l a t d  1 C u L I  

XIT:TDL.~; ~ r s : ~ i s s ~ l v e a ;  TRC:TOC.~ P ~ C - C ~ D I . ;  ~ ; e s c i o m i e d ;  < : ~ e s s  man oerecr. s lan*:  par-rat nor cesced 
ValidaLion Flags: *:An-1OUa: UJI:BlIIU: Z2.UJ2: SL&rd: JliROld T i m :  J I . W I : h l p l i ~ a t a .  Spika. or S p l i t  Bxcecdancc; 

a : a e j e c r e d .  

nydrmrrrics. mc. 04/L6/99 @ 



- -  R E T U S  L MlSOP CONE'IITIIBMS - -  
ULSWIC (151 DIP 

ULBWIC 115) TOT 

U\OIIIUn IWI DIS 
-1w IWI m 

LBUl IPBl DIB 

m lPBl m 

CB-1% CB-l5 

01/19/99 01/28/99 

1 6 : 4 1  12:17 

TSC-SLC TSC-SLC 

L9901.2-16 L99020Q-21 

cray yella-gr 

B W - 9 9 0 1 - l l 5  EYT-9901-222 

NOTES: A11 resulLI in w/L lW.Cer1 or  -/kg IEoil) unless noted md are l a r a c o q  I U g l  un1e.S Cield 1-1 or c.lCUI.tad ICILCl 

m ; m c a 1 ;  ~rs:oisso~ved; ~ C : T O L ~ I  ilecoverab~~; ~ ; ~ ~ c i n a ~ s d ;  . : ~ e s s  mm Derecr. al&: prramrer nor issr.d 

YalldaLiOn Vl.9.: II:III-lous; UJl:Blui*; J2.W2: Irandard: J1:llold T i m :  JI.VJ4;DUpliEaLe. Spike, or Splii E X C B e d a C e :  



- -  PrnSICu. P.Xmm'mPS - -  
PLOY lg.l/runl 

oxnw IOI IPWI DIS 
PB 1-1 

sc I W O S / ~  AT 15 CI IFWI 
TwTBIDITY IKNI 

YAmR TZMPBIUWW ICI IPLDI 

CB-19 

01/19/9s 

15:17 

TSC-SLC 

L990112-14 

Dark gray 
KVI-WOI-LII 

CB-29 

01/28/99 

11:12 

TSC-SLC 

L9901011-21 

Gray 

EVC-9901-220 

CB-32 CB-12 

Ol/L9/99 OL11~199 

16:OO L0;09 

TSC-SLC TSC-SLC 

Lss(ll.2-15 LP90201-LO 

Dark gray Dark gray 

6YT-9301-ll4 SYI-9901-209 

HOTES: ~ 1 1  r.sults in W/L Iwatarl or -/kg I S O ~ I I  unless noccd md arm lamratow I U U ~ I  unless field IFWI or  c a 1 ~ 1 . r ~  1-1 
r01:ro~al; DIS:DissOlVCd; W.C:TOL.I ~scoverabie; s;zs~ima~ed; <:L.SI m a n  Darecr. 81.~: p r a t e r  nor cssred 

a:acjecrea. 

r g ~ r p c l  "1.0 06/91 using . : \ s r a i o u r \ \ s m u x o . ~ g p  ~.ge 7 



- -  PHYSXUL PIRUIPIERS - -  
rwu ~gal/nin~ 

O X l C Y l  101 IPWI DIE 
PW lPWl 

SC lIBMOS/Ln hT 15 CI IPWl 

nmBIDITI IKNI 
YA+ER IEMPErU7lW.h ICI IPLDl 

- -  L llINOll CONSTlNhKlE - -  
IRSEHIC IS, DIE 

W E N I C  1-1 TX 

C U V I I ~  i m )  0x5 

W M X m  ([Dl mi. 
LBID lPBl DIS 

L E U  IPBl m 

CB-42 

01/19/99 

1 1 : 1 4  

TSC-SLC 

L3SOl.1.l' 

Blow-gray 

6YT-9901-116 

CB-41 

01/,8/99 

16;LO 

TSC-SLC 

L990142- l l  

Grayish 

m-99OL.107 

CB-41 

01/28/99 

09:s. 

TSC-SLC 

L.990108-19 

Light gray 

hYT-9901-218 

m s :  AII rssulm in i r g ~ ~  I Y ~ L ~ T I  or  irg/kg 1~0111 U D ~ C S S  D O L . ~  and are l&ntoly ( M I  unless field IIWI or calculated 1-1 
TOT:TOE~I; ~ r s 1 ~ i s . 0 1 ~ ;  I P C : T O L ~ ~  I L ~ C O ~ ~ ~ ~ ~ ~ ;  E : E s = ~ ~ M L ~ ~ :  <:US. man oerecr. slan*: paramrcr nor rcrced 

valida~ion 11.g.: n : ~ m u l o u s ;  WL:Bl.n*; ~ 2 . ~ 2 1 :  sianaard;  mid ~ i m :  JI.LIJ.:DY~~~C.L~. spike, or split ~xcaedancei 



IiTE COD= 

SAMPLE DATE 

SAMPLE TIHE 

m 
LLB -PI1 

r n B R  INFO 

SUIPLK m P I I  

- -  P r n S I U  P U U I I r n R S  - -  
PLOY 19.l/rnl", 

OXYGEN (01 (PY)l DIS  

en 1m1 
S C  IWOSIM AT 25 CI IlLDl 

r n B I D I T 1  lKNl 
WATER T D I P B m W  ICl (ILDI 

- -  MrrALS ' MlNOR CONITImmS - -  
ULSENIC (AS) DIB 

ULSUIIC 1-1 mr 
U\MIVII IWI 01s 

m r m  IWI mr 
LBU) lPBl 01s 

LBUl lPBl XT 

~ T E S :  ~ 1 1  resul~s i n  . q / ~  (waierl or m91~9 ( s o i l l  u n l c ~ ~  norcd and arc iamrarory  l m l  unless  f i e l d  I P U ) I  or calo l larcd 1-1 
X T : T O L ~ ~ ;  DIS:Diss01ve0; IXC:TOLa1 I I ~ C W ~ C & I C ;  E : E S C ~ ~ L . ~ ;  ~ : L C S S  man ~ e i c c t .  81ank: pararoarer nor resred 

ValidaLion Plays: I : b n M U I O U a ;  iiJ1:Lllank; J2.UJ2: Scandar.: l i 1 : K O l d  T i e :  J 4 . W l : h l p l i c a L e .  Spike. Or S p l i t  Bxceedancc; 

I:le,.ELed. 



SIT8  CODE 

SWPLE 01m 

SMPLB TIME 
UB 

LIB MnreEll  

OTHER INFO 

IMP!A W B O P  

- PIPISICAL PUUIIrnIIS - -  
FLOW (g.l/min, 

OXYGEN I01 t M 1  DIS 

PW l F W l  

5C IYIUIOS/PI AT 25 Cl lPLDl 

r n B I D I r i  1-1 

LA- 'ImPhlUrnS ICI I P W )  

.- METALS L MINOll  C(INITIFJEKTS - -  
ARSENIC I S 1  D I S  

ULSBNIC I N )  rn 
CID*xUI1 ICDI DIB 

CIDlllVn I r n I  m T  
LhU) IPBI O I B  

LPLD IPBI m 

DaLaWao Program 

~ B S :  results i n  VIL Iwarcr l  or q / k g  1soi11 noted and are  laborarory t u n 1  untess cield IPWI or sa1cular.d ICILCI 

~ T : T ~ L ~ I ;  D I S : D ~ S S O ~ V = ~ ;  TEC:TOLII ilecorcrlbl.; ~:e.~imted; . : ~ e s s  m a n  Decccc. 81ank: parunarer nor LcsLed 
YalldaLIDn Pllgs: I:MLIONlOUI: UJ1:01an*i J2.YJ2: Scandad; J3:Wold Tim: S4,UJl:CWplluLl. spike, or Split Br-*dmC*: 

s,s.iccred. 



- -  P W S I U L  P U U n R P P S  - -  
OXYCBH 101 lsWl DIE 

PII IPWI 

BC lVIMOS/P( AT 25 51 IPWI 

m e r n r n  I W I  
WATER W I P B U ~ K  ICI IFWI 

I U I - I  

01/18/99 

16:40 

TSC-SLC 

L990l<l-l1 

m-I 
O,/III/PS 

1s;;o 

mc-SLC 

L990208-16 

Light gray 

BVT-9901-215 

HOTBS: ~ l l  results in W/L lvarerl or w / k g  1soi11 unless nored .nd are laboratow 1-1 un1.r~ field IFWI or calcularld I ~ C I  
T0T:ToE.l; DrS:Di%sOlvCd: T2C:ToL.l Psc-..hie; B : h s ~ i m ~ r c d ;  -:Lass man D.t.cr. Blank: paruncrcr nor rssrnd 

Validation P1.g.: A:&-lous: U l : B I a n * ;  JZ.Wl: Stan&am: J1:Hold Time; JI.UJI:D~~~IC'L~. Spike, or Split Ucledance; 

I I : R . i e C L e .  



- -  P W S I U L  PrnBZLRS - -  
OXYGEN (01 IPUI DIS 

PH lPLOl 

SC (rnOS/En AT i s  Cl ( M I  

TJRBIDI7Y IKNI 
wrm m P e a r m n  icr IPLDI 

ANALYSES I-I REPORT 

N m s :  A11 resu1~1 in v / L  Iwararl or -/kg lsoill un1a.r nored and ars laboratory ( w l  u01=., field Ism) or calculated IWI 
mt:rocal; ~ ~ s ; ~ i s r o ~ v r d ;  mc:~otal itecovcrabls; B : K S L ~ ~ C C ~ ;  .:~ess m a n  ~ e c e c ~ .  m a :  p.r-isr nor resrsd 
YalidlLiOn ll.gI: *:A"-lous; UIl:Blan*; J1 .U.72:  Standard; JI:Bold Tir: JI.WI:hlplicaca, Spike, Or SpliC UlC.e&nc.; 



ST= moa 
SUIPLB DATE 

SIVIPLS T I M E  

r*8 

UQ W K R  

OTHER IHlO 

SIVIPLB W K R  

- -  P W S I U L  P U U I I r n % S  - -  
PLOY 19lll/rm") 

OXYGW I01 lPWl DIS 

PH l?mI 
SC l W O S / O I  AT 15 Cl IPWI 

r n l D I T Y  1 m 1  

YkTEK r n P B P I \ r n K  ICI IPWI 

IM-7 

02/22/99 

11:45 

TSC-SLC 

L99018P-1 

SEEPl SBBPl SEEP1 

OL/L~/SS o~/za/ee 0210sl99 

I6:40 ,2925 12:41 

TPC-SLC TIC-SLC CCI 

L990142-24 L990208-18 901033-1 

~ i g h ~  brown ~ i g h c  yellow-br 
BYT-9901-'23 Em-9901-217 KW-9902~SS8Pl 

-I; &II ~CIYILS in rg /~  luacer~ or ~ l k s  isoil) unless notea ana are laboratory I L ~ B )  f i e ~ d  iml or calculated ~ W C I  
m : + o ~ a l i  DIS:D~.ID~Y~; TRC:mcal Pecovarab1e; B:Bstima~ed: .:Less D1.n Darecr. 81anN: paramermr noc tested 
valibcion nags; A:IYI-IOYS; w1:~1an*; ~ 2 . ~ 2 :  sca-rd; JI:WOM ~ i n a ;  JI.UJI:DUP~~C~CC. spike. or split xxccedansc; 

I:ll.iecr.d. 

r q ~ l r p c 3  ~ 1 . 0  0619s using S : \ S L ~ L O Y L \ \ . L S ~ S Y I O . D B ~  page 13 



S m P U  T Y P E :  Smilll V l T E l l  - -  

SITE COO6 SEEP2 

SUIPLB DATE 01/05/99 

S m P L B  TIM= 1 2 : 4 5  

rn ccr 
UQ NGWBZR 902011-1 

r n h R  rwm 
SWPLK NVIIBGIL m-9902-SEEP* 

- -  P"YSIC.u. P*IWIFTPIS - -  
OXYGEN 101 I F W I  DIP 

PH I F W I  

sc I ~ M I O S / ~  AT 21 CI IFWI 

NILBID1IT IKNl 
WATER TMPErUWRE I C I  IFLDl 

- -  I IPIALS L MINOR CONSTINENIB - -  
IULSQilC IliSI DIP 

A?.SMIC 11\51 m~ 1 5 . 0  

cxmIUI( ICDI DIS 
U D P I I ~  ICDI mr 

LEbD lPBl  DIS 
LEbD IPBI  XTr 

su-l su-l 
0 1 / 1 B / 9 9  OX128199 

L,:L4 ,1:10 

T X - S L C  TPC-SLC 

L990l42-l L990208-I 

Light yellow-br Light yellow-br 

BYT-9901-100 Sn-9903-104 

NOTES: 1111 rasulra in V/L I ~ a c e r l  or n31xg (soill unless norad and are laborarory IYLBI unless field t r w l  or c a 1 ~ 1 a c . d  ICILC) 

Tm:To=al; D I s : D ~ * s ~ l ~ e d ;  T P C : T D C ~ ~  R ~ E O V C T ~ ~ ~ C ;  B:Es~im.a~ed; <:Less mm ~ e r c c c .  ~ l m n k :  parararer nor ccrred 
YalidaLion Flags: A:M-lous; UJl:BIan*; J2.UJI: Standard; Jl:Hold Tine; J~.uJ~;Dupli~ac.. Opik., or LpliL Llso.dnnce; 

O:Rl]eELed. 

q a n r p c 3  "1.0 06/91 using s : \ s r a t o u r \ \ l ~ w ~ ~ x o . ~ ~ ~  s.ge ir 



SITE CDDB IY-I SY-2 

SI l lPLB DATE 01/18/99 01/211/99 

SMPLK TiHh 17:2B 12:20 

UIB TOC-SLC iSC-ILC 

UIB NVMBER L990142-2 L9902011-1 

x w r s  
m E P  INFO Light y=llow-br Light yellow-br 

SIllQLE NUMBER 6YT-9901-101 6YT-9901-200 

- -  Q W S I W  PUUIIPTIILS - -  
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SUMMARY 

Composite storm water samples collected from autosamplers for the Everett Storm Water 

Investigation during January and February of 1999 at four sites (CB-9, MH-2, SW-17, and SW- 

18) were analyzed for total arsenic, cadmium. and lead at Asarco's Technical Services 

Laboratory in Salt Lake City, Utah. These data have been reviewed in accordance with the 

EPA's data validation guidelines (EPA, 1994) and the project work plan (Hydrometrics, 1998). 

Deviations from prescribed quality control procedures and/or exceedances of quality control 

limits have been noted, and results have been flagged in the database. All tables are in 

Appendix 1. Data validation flags are defined in Table 1. A complete listing of flagged data 

including the reason for each flag is in Table 2. 

Data quality objectives for precision, accuracy, and completeness have been met for the 
data covered in this report; these are discussed in Section 11. 

Laboratory quality control sample requirements were met, both for frequency and 
values. 

The following quality control violations resulted in the flagging of data: 

Two field duplicates were out of control limits for total lead; the four associated total 
lead results were flagged to indicate the possible lack of reproducibility. 

Taken as a whole, this data set provides useful information for the Everett Storm Water 

Investigation providing that the possible lack of reproducibility indicated by the flags is taken 

into account. Overall, 99.5 percent of the laboratory data may be used without qualification (827 

out of 831 results); the rest of the data have been flagged with validation codes to assist in their 

interpretation 

DATA VALIDATION REPORT 

Prepared by: Clare Bridge 
Reviewed by: Jenny Vanek 



DATA VALIDATION REPORT 

This validation applies to data from instrumented monitoring sites as part of the Everett 
Storm Water Investigation. Samples were collected from the automated samplers from 
1/28/99 to 2/21/99. In all, 22 quality control samples and 255 non-quality control 
samples were submitted to the laboratory. The quality control samples included eight 
field blanks, twelve field duplicates, and two blind field standards. 

There were four instrumented sampling sites: CB-9, MH-2, SW-17, and SW-18. The 
number of samples submitted to the laboratory is summarized in the following table: 

* The bottle leaked during shipment for sample EVT-9902-213 collected at CB-9 at 3:30 on 
2/7/99. No laboratory analyses could be performed for this sample. 

Validation procedures used are generally consistent with (check all that apply): 
X EPA CLP National Functional Guidelines for Inorganics Data Review - 
X Work Plan (Hydrometrics, 1998) - 

Other 



Overall level of validation: 
- Contract Laboratory Program (CLP) 

X Standard - 
- Visual 
Notes: Both field and laboratory quality control samples were evaluated. 

Laboratory digestion quality control samples (laboratory duplicates, laboratory 
matrix spikes, laboratory control samples, and laboratory preparation blanks) 
were evaluated according to the EPA's validation guidelines; all were found to 
be within control limits. 

Verification of values in the raw data was not required for this project. 

The requirements for the field quality control samples referenced in the work 
plan were established for typical sample collection by field personnel to verify 
proper sampling techniques. Composite samples collected from autosamplers 
do not follow typical field collection procedures, and the work plan 
requirements are not appropriate. However, several field quality control 
samples were submitted to provide some level of quality assurance. Evaluation 
of individual field quality control samples is further discussed in Section 3. 

All laboratory document deliverables were present as specified in the project contract. 
X Yes - 
- No 

All documentation of field procedures was provided as required 
X Yes - 
- No 

3. F n L o  QUALITY CONTROL SAMPLES 

Samples from the autosamplers were submitted in four shipments. The sample delivery 
groups and numbers of associated field quality control are summarized in the following 
table: 



Blanks: Please note that the highest blank value associated with any particular analyte 
is the blank value used for the flagging process. 

DI, trip, rinsate, or any other field blanks have been carried out at the proper 
frequency. 
- Yes 

Notes: The project work plan required equipment blanks to be collected from 
filter apparatus prior to the collection of a sample. Equipment blanks are used 
as controls for possible contamination in the field during the sampling process. 

Because the composite storm water samples were not collected and filtered by 
field personnel, the equipment blank requirement does not apply. However, 
field personnel submitted DI blanks as quality control. As shown is the table at 
the beginning of this section, blanks were submitted with all but the second 
shipment of samples. 

Reported results on the field blanks are less than the contract required detection 
limits (CRDL) or the project required detection limits (PRDL) if project 
detection limits have been specified. 

X Yes - 
- No 

Notes: When an analyte is detected in a blank. associated results up to 5 times 
the blank level are flagged to indicate that the results may be biased high due to 
contamination. Results "associated with a field blank are generally results for 
samples collected on the same day as the blank. 

Field duplicates 
Field duplicates have been collected at the proper frequency. 
- Yes 
- No 

X NA - 
Notes: The project work plan sets field duplicate frequency at "5 percent or 1 
per day, whichever is greater" (work plan, p. C-23). However, as stated in 
Section 1, these requirements are not applicable to the autosamplers. However, 
twelve field duplicates were submitted over the four sample shipments. 

Field duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20 percent or less for water matrix. 35 percent or less 
for soil matrix). If the sample or duplicate result is less than 5 times the PRDL, 
the RPD criteria are not used. In these cases, the difference between the 
sample and the duplicate results must be within t the PRDL for water matrix, 
within r 2 times the PRDL for soil matrix. 

Yes - 
X No - 



Notes: The samplelfield duplicate pair collected at SW-17 on February I 
(EVT-9901-328 & -329) had a difference greater than the PRDL of 0.005 ppm 
for total lead (0.035 and ~ 0 . 0 0 5  ppm). The total lead results for the sample and 
the duplicate were flagged to indicate a possible lack of reproducibility. 

Similarly, the samplelfield duplicate pair collected at MH-2 on February 20 
(EVT-9902-407 & -408) had a difference greater than the PRDL of 0.005 ppm 
for total lead (0.033 and 0.015 ppm). The total lead results for the sample and 
the duplicate were flagged to indicate a possible lack of reproducibility. 

Flags for field duplicate exceedances indicate possible variability in sample 
results due to the combined effects of variations in field sampling techniques, 
sample preparation, and laboratory analytical procedures. 

Flagging: JJNJJ 

Field standards 
Field standards have been collected at the proper frequency. 

X Yes 
- No 

Notes: The work plan required one blind field standard to be submitted with 
each major shipment of samples based on availability. In this case, standards 
were submitted for all but the first shipment of samples. The ERA standards 
were sent to the laboratory for the specified dilution. 

Recoveries on the field standards were within control limits (80 to 120 percent 
recovery for water). 

X Yes - 
- No 

Laboratory procedures followed 
- CLP-SOW 

X SW-846 - 
- Methods for Chemical Analysis of Water and Wastes 
- XRF Standard Operating Procedures 
- Other 

Holding times met 
X Yes - 

No 



Consistency with project requirements 
Analyses were carried out as requested. 

X Yes - 
- No 

Project specified methods were used. 
X Yes - 
- No 

The following table lists the laboratory's reporting level by analytical method and compares 
it to the project detection limit (PRDL). 

Reporting detection limits met project required detection limits (PRDLs). 
X Yes - 
- No 

The laboratory provided instrument detection limits (IDLs). 
- Yes 
- No 

X NA - This was not required for the project. - 

Please note that the highest blank value associated with any particular analyte is the blank 
value used for the flagging process. 

Preparation blanks 
Preparation blanks were prepared and analyzed at the required frequency. 

X Yes - 
- No 

All the 'analytes in the preparation blank were less than the CRDL (or the 
PRDL if a project detection limit has been specified). 

X Yes - 
- No 



A matrix spike sample (pre-digestion) was analyzed for each digestion batch and/or 
matrix, or as required by the laboratory method. 

X Yes - 
- No 

Matrix spike recoveries were within the required control limits (75-125 percent). 
X Yes - 
- No 

Laboratory duplicate samples were analyzed at the proper frequency. 
X Yes - 

The laboratory duplicate relative percent differences (RPDs) were within the required 
control limits (RPD of 20 percent or less for water matrix, 35 percent or less for soil 
matrix). For low concentration data, that is if the sample or duplicate result is less than 
5 times the PRDL, the RPD criteria are not used. In these cases, the difference between 
the sample and the duplicate results must be within ? the PRDL for water matrix, 
within + 2 times the PRDL for soil matrix. 

X Yes - 

The reference material used was of the correct matrix and concentration. 
X Yes - 
- No 

LCSs were prepared and analyzed at the proper frequency 
X Yes - 
- No 

LCS recoveries were within the required control limits (80-120 percent for water, 
within the certified range for soils). 

X Yes - 
- No 



Project data quality objectives (DQO's) met. 
X Yes - 
- No 

Accuracy 
Accuracy for this project is assessed using blind field standards, laboratory- 
spiked samples, and laboratory reference standards. Target accuracy for this 
project is acceptance of 90 percent of these QC sample results as valid and 
within control limits (80 to 120 percent recovery for standards. 75 to 125 
percent recovery for spikes). 

Target accuracy was met. All field standard results and all laboratory QC 
sample results were within control limits. 

Precision 
Precision for this project is assessed using field duplicates and laboratory 
duplicates. Target precision for this project is acceptance of 90 percent of 
these QC sample results as valid and within control limits (a relative percent 
difference of 20 percent or less). 

Target precision was met. All of the laboratory duplicate results and 94 
percent of the field duplicate results were within control limits. 

Completeness 
The target completeness for this project is assessment of at least 90 percent of 
the sample results as "valid". 

Target completeness was met; no data were rejected. Ninety-nine point five 
percent of the laboratory data may be used without qualification (827 out of 
831 laboratory, results). The remaining results may be used with caution, 
taking into account the possible lack of reproducibility indicated by the flags 
on these four low-concentration total lead results. 
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TABLE 1. 

DATA VALIDATION CODES AND DEFINITIONS 

J - The associated numerical value is an estimated quantity because quality 
control criteria were not met. 

Subscripts for the "J" qualifier: 

2 - Calibration range exceeded or significant deviation from known value. 
Possible bias. 

3 - Holding time not met. Indicates possible bias. 
4 - Other QC outside control limits. 

US - The material was analyzed for, but was not detected above the associated 
value. 

Subscripts for the "UJ" qualifier: 

1 - Blank contamination. Indicates possible high bias and/or false positive. 
2 - Calibration range exceeded or significant deviation from known value. 

Possible bias. 
3 - Holding time not met. Indicates possible bias. 
4 - Other QC outside control limits. 

R Quality control indicates that the data are unusable (compound may or may not 
be present). Resampling and/or reanalysis are necessary for verification. 

A Anomalous data. No apparent explanation for discrepancy in data. (Not an 
EPA code.) 



Table 2. Summary of Flagged Data 
Everett Stormwater Investigation 

Autosampler Data. January -February 1999 

Slte Sample No Lab No Dale Parameter Result Flag Reason for Flap: 

MH-2 EVT-990247 L990339-47 02/20/99 LEAD (PB)(TOT) 0.033 14 Field duplicate diffemnce >z 0.005 ppm 

MH-2 EVT-990248 L990339-48 OU2W99 LEAD (PB)(TOTI 0.015 J4 Field duplicate difference >r 0.005 ppm 

SW-17 EVT-9901-328 L990217-28 02/01/99 LEAD(PB)(TOT) 0.035 14 Field duplicate difference >r 0.005 ppm 

SW-17 EVT-9901-329 L9902 17-29 OUOl/99 LEAD (PB)(TOT) 4 .005  UJ4 Field duplicate difference >+ 0 . W  ppm 
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X)T;TOT~I; ~ ~ s : ~ i s s o l v e d ;  TRC:TOL~I Recoverele; B : B s ~ i w ~ e d ;  C:LCSS man DCLCCC. 81ank: parametor noc cesred 
Validation ?lags: I:iVICnVilous; WI:BlUI*; J2.WZ: SL*ndard; J3:Hold T i e ;  J4,WI:DYplICaLC. Spike. Or Split SxEeedmCe; 



&SKVSY - I\SULCO. BvereLL SYI 

NOTBE: A11 ICSU~LS in W/L lwaccrl or q / k g  lsoil) unlssr norcd and are 1 a b o r a ~ 0 ~  ,-I unless field ~ W I I  or calculated ~ULLCI 

TVT:TOLa1; DIS:DiSSolved: mC:ToLal Recoverable; B:ESrimared; .:Less Than Detect.  Blank: parameter nor tested 
YalldaLiOn PlagS: A : l l n U N l O U I ;  UJ1:Blank; J 2 . W 2 :  Standard; Jl:llold Ti-; J4,UJI:DupliCare. Spike. or Split BxcsMance; 

R : r t e ] C C L d .  

r q ~ r p L l  "1.0 06/95 using e:\sLaLmL\\ISBYBU11.DBP Page 4 



- -  MFTILS L MINOR CDNETlNBXTB - -  
msmrc (&.$I TOT 
W I W  I'm) 10T 

LBID IPBI TCrT 

NOTES; AIL results in m g / ~  lwararl or -/kg (soill unle.8 nored and are la~oracor/ 1-1 unless field IPWI o r  crlsulaLed IUCI 

W : T O L a 1 ;  ~fs:~issolvad; ~ C : T O L ~ I  R C C ~ V C I ~ ~ I ~ ;  B : E ~ L i m ~ e d ;  . : L ~ S S  Than osteci. slank: paramerer not reaced 
validation nags: A:IVID(M~OYS; U J I : S I I ~ ~  J 2 . ~ 2 :  standard; J ~ : H O I ~  ~ i m ;  ~1.~4:hiplicare. sp ike ,  or split Exceedance; 



- -  MZTUS L MINOR CONSTI?WIIS - -  
IUISBNIC 11\51 m 
UYYIIW ( m 1  mr 

LBID (PBI TCT 

- -  SAMPLE TYPE: $mill( WATER - -  
CB-9 CB-9 CB-9 0 - 9  

02/03/99 02/03/99 02/01/99 02/01/93 02/04/99 

1 8 : O O  24:OO 0b:OD 16:20 22:20 

TSC-SLC TSC-BLC TSC-SLC TSC-SLC 

"' . 
TBC-SLC 

L990289-1 L.990289-2 L990289-3 Z.9902119-4 L990289-S 

KVI-9902-200 KVI-9902-201 KVI-9902-202 BvI-9902-201 KVI-9902-204 

- 5 :  h11 rr.ulrs in a ~ l L  IYarer> or allkg 1Soill unless nored and ars  IabraLorf CUB1 unless field 1m1 or Calculated IVLLCl 
m ; ~ ~ t a l ;  ~rs:~lr=olved; mc:~ocai ~ecov.rabls: ~;zsri.-atcd; <:us. mm Derccc. man*: paramerer not ~ e s c . d  

Yalrdarion Flags: A:Anmlous; UJ1:BlaN;; 52,1152; Standard; 53:Hold Tim; J4.UJ4:DYpli~a~e. Spike. or Split BXSCC&~CC;  
a;acjecred. 

rqanrp~3 "1.0 06/95 using s:\atatout\\ASBYSW11.DBF Page 6 



- -  M n L S  L MINOR C O N S T I W S  - -  
m S B N I C  1-1 TCTr 

-I",, lCDl  m 
L E m  IPS1 m 

CB-9 CB-9 

01/05/99 02 /05 /99  

10;20 15 :30  

TSC-SLC TSC-SLC 

L990289-1 L990289-8 

BYT-9901-106 B V T - 9 9 0 2 - 1 0 7  

w e s ;  n i  casulrs in VIL (water) or q l k 9  (soil) unless not- and arc 111l)ora~m-y IN) unless riem I ~ I  or calcu11Lad IULM) 

 TOW^; DiO:Diss~lv~d; 1RC:Tocal Pecoverabl.; B;BatirmLcd; <:Less man Derscr.  Bla*: parlmcccr nor cesred 
YalidaLion Flags: &:lul-lou~; UJ1:BlarL; J2.U.72: Standard; J1:Hold Time; JI.UJI:DupliC.re. Spika. or Split Bxccsdance; 

a:aejacrea. 

rq.nm~1 v1.0  06/91 using ~ : \ s r a ~ o u r \ \ ~ ~ v s w ~ ~ . o e ~  ~ n g e  7 Hydr-iiics, Inc. 05/05/99 



l lAU L MINOII CONSTI-S - -  
ULSBNIC 1-1 TOT 

w n I m  ICD, rn 
LEm lPB1 m 

CB-9 

02/06/99 

15:30 

TSC-SLC 

L990289-12 

CB-9 CB-9 

02/06/99 02/01/99 

21:30 03:IO 

TSC-SLC TSC-SLC 

L 9 9 - 3  L990289-14 

NO SAMPLE 

BOLLla Leaked 

BVT-9901-212 M-9902.213 

CB-9 

Ol/07/39 

09:10 

TSC-SLC 

L9902LIP-15 

NOTES: 811 results in V/L l~arorl or  kg (soill unless noted  and are lamratow I-) unless ticld 1m1 or calculated (-I 
XI?.:TOC~I; D1S:DiSllOlued; mc:~otal sscovera8le; B:BSLIMLM: r:~ess m a n  Datccr.  man*: wramtsr not cesrcd 
validatim ~1.g.: ~ : ~ l o r ~ l o u ~ ;  w ~ : ~ l a n * ;  J ~ , u J ~ :  Standard; ~ 1 : ~ o l d  ~ i n c ;  JI.UJl:hplica~e. spike, or splic ~xcaedance; 
a:aejocred. 



SITE CODB 

SUlPLB DATE 

S W P L K  TIME 

LLB 

LLB r n 8 R  

SAMPLE M B R  

CB-9 

02/08/99 

01:30 

TSC-SLC 

L990289-18 

BVT-9902-217 

Cn-9 CB-9 

02/08/99 02/08/99 

09:IO 16:15 

TSC-SLC TSC-ELC 

LP90289-19 L990289-20 

BVI-9902-218 BYT-9902-219 

CB-9 

02/10/99 

01:15 

TSC-SLC 

L990289-21 

BVT-9902-221 

NOTES: k11 rrsul~s in V/L (water) or m/kg (soil) unless n o c ~  and are 1 1 ~ r a 1 0 q  1-1 unless field IPWI or calculsred lmcl 
ZUI:TOE~I; D I Q : D ~ ~ S O ~ Y ~ ~ ;  RC:TOC~I xecwerale; h;~s~imaced; . : L ~ L S  man ~ e c e s c .  ~ 1 . n ~ :  parunei.r no= t*scad 

Validation Slags: A:M-1Ws; UJ1:Blank J2.YJ2: S ~ a n d a ~ d ;  J1;Hold Time: J4,UJI:Duplica~e. Sprkn, Or Split 8xcedanc.; 

rqanrpc1 "1.0 06/95 using . : \ ~ L ~ ~ ~ u I \ \ A S W S Y I ~ . D B P  Page 9 L(ydraserrxcs. Inc. O l / O l l 9 9  



CB-9 

0>/10/99 

16:15 

TSC-SLC 

L990189-24 

T E C - S M  TSC-SLC TSC-SLC TSC-SLC TSC-ELC 
L990289-15 L990289-26 L990338-I L990318-2 L990118-3 

DUPLICATE 

WI-9902-224 Em-9901-125 9 9 0 2 2 1  BVI-9902-122 WI-9902-321 

NOTES: A 1 1  relults in mg/L (Water) o r  -/kg (Eoill unless noted md are l-rator/ (1181 unless Licld IPIDI  Or calculated (-1 

m : ~ o t a i :  DTS:D~BSOIVC~; TRC;TDL~I tecoverable; ~:ertima~ed; <:~eas man Dsrcct. ~lan*: paramrer nor tested 
v~lidacion ~1.9.: A:IYI-IOUS; UJI:BL~~*; ~ 2 . ~ 2 :  standard; J I ; H O ~ ~  ~ i w ;  JI.UJI:D~P~~C.L~. spike. or splir ~xcc.dmcc; 

P:ndaCLed. 



CB-9 CB-9 

07/17/99 02/17/99 

03:4S 11 :45  

TSC-SLC TSC-SLC 

L99011S-5 L990118-6 

EW-9902-315 $Y1-3901-316 

CB-9 

02/18/99 

03:4S 

TSC-SLC 

l.990118-7 

m - 9 9 0 2 - 3 2 1  

CB-9 

01/18/99 

2 1 : 4 5  

TSC-SLC 

L990318-9 

m-s902-129 

U ~ B B :  liu resuics in WIL luarsr) or w / k g  1soii1 unisar crorcd m d  are iakorarory 1-1 unless fiald IFLDI or calorlsrsd I W C I  
~ T : T O L * I ;  D I S ; D I I D O ~ V ~ ~ ;  TRC:T .X~~  nocoverable; ~ : ~ s r i n r a i s d ;  <:~ena mm Derccc. man*: paramcrcr not tested 
Yalidacion slags; A:lulcnulous; W~:Blan*; J2.U.72; S t a d a d ;  J3:Hold nm; JI.UJl:hl~li~a~e. Spike. or split Excscdmcc; 

a:aejecrea. 

rqanrp=l "1.0 06/95 "sing s : \ s ~ a t o ~ t \ \ ~ ~ ~ l ~ l l . 0 8 8  sage II 



CB-9 

0 2 / 2 0 / 9 . )  

0 1 : 4 5  

TSC-SLC 

L990131)-13 

rn-9902-n1 

NOTES: 1\11 ~ ~ S U ~ L P  in w / L  (Yarer1  or -/kg 1Ooi l1  unless noted and are l .boraroq lml unless f i e l d  IPLDI or calculated IU\LCI 
-:TDL~I; ~is:~issoived; IRC:TO~~I ~ecoverabl~; B ~ B ~ L ~ ~ L ~ ~ ;  <:L~SS man D ~ L ~ C C .  BIM*: P ~ T ~ ~ L C T  DOC tasted 

Validation ?lags: A:An- lms;  Wl:BlM*; J 2 . M :  Irsndard; J3:11014 Time; J4,W4:DYplicite. Spike. or SPlfC BiCeed.nce; 
I1:neIeELed. 

wqanrprl "1.0 06 /95  using s:\sracmc\\l\~~vsull.~~s ~ . g e  12 Hydllmeciics. Inc .  05/05/99 0 



llBIbL.5 L MINOR CDNSTITJEKTS - -  
UlSWIC rW.1 m 
CAMIUM ern) TOT 

L D D  lPBl TOT 

N m S :  All resulLs in w/L ( Y a t e r l  or m / k g  I S o i l l  unlels nored and are laborarory 1-1 unless field I F W I  or calcuIaLed 1CN.C) 

-:TDL~I; D15;0ios01vcd; m c : m i a l  ~scovcrabie; ~:~aiinaraa; < : M S S  ~ h a n  ne~cct. man*: parameter nor reaced 

Validation Flags: A : M m l o u S ;  UJl:slan*; J2.UJ2: Standard; J3:HOLd T i m ;  J4,UJl:DupliCDLC. Spike. Or BpliL KXCeedanCC: 

R:Pe,e.Led. 

rqanrpil "1.0 06/95 using s : \ s r a r o u c \ \ ~ N S H 1 1 . D B P  Page 11 



m-2 m-2 

02/05/99 02/0S/SP 

11:15 16:45 

TSC-SU TSC-SLC 

L990289100 L990189101 

D I I P L I U n  

BY?-9902-299 BYI-9902-100 

m s :  ~ 1 1  results in WIL ~ ~ a i e r )  or ~ 1 x 9  (soil) unless nored md arc ilborarory I ~ I  unless field IPLDI or calcula~ed 1-1 
r n : . r o i a l ;  ~rs:~irro~ved; IIIC:TOL~I ~csoverable; ~:ea~imaccd;  ass m n  ~ L ~ C C .  man*: parameter nor tested 
validation ~lags: ~ : m - l o u s ;  m l : ~ l a n * ;  J2.UJ2: srandard; s3:wola ~ i m e ;  ~4.~~4:ouplicar.. spike. or split hxcetd.nce: 
s:ile,esLEd. 



MFPALS L MINOR COLISII-KTS - -  
ARSENIC I S 1  TOT 

UOIIxm l a  m 
LEAD IPB1 m 

m-2 m.2 

02/06/99 0 1 / 0 7 / 9 9  

2 2 : 4 5  01 :45  

TEC-SLC TBC-SLC 

L990219106 L990289107 

ByT-9902-305 BVT-9902-306 

MH-2 

02/07/99 

2 2 : 4 5  

TEC-SLC 

L990289110 

m.9902-309 

NmES: All results in mg/L IYaterl or mg/kg ISoill un1c.s noted and are l&racor/ (LIB1 unless field (PWI or calculaCed lUILC1 

TOT:TOLa1; ~ r s : ~ i s s o l v e ;  IIIC:TOL~I  ncc~verable; ~:es~ieated; <:kss m a n  ~ e ~ e c c .   la^;: paramrer nor tested 

validation ~1.g.: ~ : m - l o u s ;  W L : B I ~ ~ * ;  JZ.UJZ: standard; J3:Hold ~ i m e ;  ~ ~ . ~ ~ a : ~ u p l i c a r e .  spike. or split zxcecdmcs; 

a:Rsjeeted. 

sqanTpL1 " 1 . 0  06/95 using .:\~rarour\\IS~SU11.DBP Page 15 



TSC-SLC ISC-PLC TSC-SLC TSC-SLC TSC-SLC TSC-SLC 
L990189111 L990289111 L990289111 L990289114 L990289115 L990289116 

Em-9901-310 Em-9901-Ill Em-9902-312 ZUT-9902-111 Em-9902-314 Em-9902-115 

m S :  All results in w l L  iYsrar l  or -/kg (Soil) ullssa nored and are laboratory 1-1 unlcss lisld IFLDI or ~alculaced ( U C )  

m : m c a 1 ;  D I S : O ~ S S O ~ V ~ ~ ;  ~ C : T O L ~ I  x=coverab~e: ~ : ~ s ~ i m a t a a ;  r : ~ s s  m a n  a r c c r .  slm*: paramrcr not resred 

Validliion P1ags: &:-lous: WI:Bl.n*; J2.W2: Standard; J1:Rold T i m ;  J4.WI:kplicaL.. Spike. or SpliC Brcecdanca; 
a:aejecrca. 

qanlp .3  "1.0 06/95 using s : \ s r a r o u c \ \ x % a v s u ~ l ~ ~ ~  sage 16 



EITB CODE 

SMPLB DAZB 

SMPLB TIM= 

LIB 

U B  W E R  

BMPLL -6R 

MBIALS 6 MINOR C O W S T l N m P  - -  
mS8HIC 11151 TOT 

CmMIUH (0)) SOT 

LghD IPB, m 

LM-2 

0>/,1/99 

07:OO 

TSC-SLC 

L990289111 

BVT-9901-315 

m-l w-2 

02/11/99' 01/11/99 

08:OO 09: 00 

TSC-SLC TSC-SLC 

L990289118 L990289119 

- 9 0  BVI-9902-llB 

M . 2  

01/11/99 

0 5 : O O  

TSC-SLC 

L990.76-23 

BvI-9901-821 

NOES: ~ 1 1  results in W/L I Y ~ C ~ ~ I  or -/kg (soil) unless n ~ r e d  and are laboratory I ~ I  un1c.1 cield ~PLDI or calculated IULCI 
m : m ~ a l ;  ~ ~ ~ : ~ i ~ s ~ l v e d ;  ~C:TOCII ~ e ~ o u e r ~ b l c ;  B:SSL~MLC~: <:Less ~ h a n  Dsrecr. Blank: paramscer nor resrad 
YalldaLi~n Flags: A ; M - ~ D Y S :  UJL:B1erk J2.Ui2: Standard; 53:11016 Ti*; J4,UJI:hrpliCaLe. Spike. or Split Bxcsadance; 

a a:Rajeccod. 

rqanrpc3 "1.0 06/95 using ~ : \ S L ~ ~ ~ ~ ~ \ \ ~ S B Y S W I I . D B P  page 17 



S I m  CODE 

S W P L B  DATE 

S W P L B  TI"E 

L.3 

U\B W E R  

S W P L B  -hR 

- -  SMPLB N P B :  51.01111 YA1BR - -  
m-2 m-2 

02/12/99 02/13/99 

04:lO 04:IO 

TSC-SLC TSC-SLC 

L990.76-16 L990139-29 

BYI-9901-826 BVT-9902-189 

TSC-SLC TSC-SLC TEC-BLC 

NOTGS: 1111 results in q / L  (Water) or ir~/kg ISoill unle*s nored and are labrarow 1-I unless field IPiol ox calculated ICALCI 

m : T o L a I ;  01S:Dis.o1ved; flLC:ToLa1 R~COYerahle; S : B ~ X i ~ c e d ;  <:Leas Than Dececr. Blank: paraneter noC reaced 
~ ~ l i a a ~ i o n  .lags; )L:IY~-IDYS~ OJL:BI&; J 2 . w ~ :  stanaard; J1:~olb r i m ;  JI.UJI:DYP~~CZ.LC. spike. or s p l i t  exc~edance; 
R:aejecced. 

qanrpL3 "1.0 06/95 using s:\sracour\\15BVSWl1.DBF Page 18 



NBYSY - ASARCO. BVereLL EYI 

BIm CODE 

SUlPLB or- 
SIIIPLB TIME 

La3 
Y\B m B R  

SYIULKS 

SUlPLE -UL 

- -  MFTALS L M i N O I 1  m N S T I m W T S  - -  
ARSENIC 11\51 XTr 

UYX(1VII ICUI rn 
L W  IPS) TOT 

m-2 HH.2 

0 2 l X 4 1 9 9  02/14/99 

l0:lO 2 4 : o o  

TSC-SLC TSC-SLC 

L990176-27 '990476-28 

""-2 

02/14/99 

23:55 

TSC-SLC 

L990176-29 

DUPLICATE 

BYT-9901.829 

m-2 
01/16/99 

12:oo 

TSC-SLC 

L990119-34 

NOTES: A11 rcsulLs in w/L (Yarer1 or w / k g  lsoill unless nored and are laboratory 1-1 unless field IFLDI or ca1mIaTed IC*LCI 

XTr:mLal; DIB:DiSSOlVed; TRC:ToLal mecoverable; B:SscimaLed; <:Less TMn Dsrccr.  Blan*: parrrnerer nor re-red 
YalidaLion Flags: A:M-lous; U J 1 : B l d ;  J2.UT2: BraMard; J3:Hold T i m ;  JI.UJl:hlpliEaLe. Spike, or Eplic Excccdanco; 

rqanrpil "1.0 06/95 using I:\.iarouL\\)iSBYSV11.DBP Page 19 Wdromarrica. I n c .  05/05/99 



ASPYSY - AZUICO. Llve..LL SYI 

I l g i A L S  L MINOR CONSTITUBKIS - -  
ARSENIC (AS) TOT 

UDWlUn lCDl m 
LEAD lPBl XTr 

m-2 m.2 m-z MH-2 m-2 

02/11/9P 02/17/SP 02/17/99 02/17/99 0 2 l l 8 / 9 9  02/18/99 

06:OO 12:OO l8:OO 24:OO 06:OO 1 2 : O O  

TSC-SLC TSC-SLC TSC-SLC TSC-SLC TSC-SLC TSC-SLC m-l • 
L990119-16 L990119-17 L990139-311 I.990119-19 L990119-40 LP90119-‘1 

m-9902.196 BVT-'IP02->97 BYI-9902-398 BYT-9902-399 F.T-9302-<00 Byy-9902-401 

m s :  all rclults in V/L luarerl or -/kg lsoill un1e.s noted a 6  are iabraror/  1-1 unless field (PLDI or crlcularea I-, 
'TOT:TDLa1; DIO:O%saolved; TtC:Total Rcsovorable; 8:EariMred; <:Less Than Dsrecr. Blan*: pararacer not Laaced 
valida~ion ~1.g.: ~ ~ : ~ l - l o u s ;  w ~ : ~ l m * ;  3 2 . ~ 2 :  srandar& J1:~old ~ i n r ;  ~ ~ . w ~ ; m p l i c a r s ,  spike, or split ~xceedanc~; 
PI:Re,ecced. 



MH.2 

01/18/99 

18:00 

TSC-SLC 

L990139..1 

ByI.-9901-402 

MH.2 m-2 

01/18/99 01/~9/99 

2 4 : O O  06:OO 

TSC-SLC TSC-SLC 

L990139-43 L990339-44 

BM-9902-403 BVI.9302-404 

MH-2 

Ol/l9/99 

18:Oo 

TSC-SLC 

L990339-46 

BYI-9902-406 

MH-2 

02/29/99 

12:oo 

TSC-SLC 

L990119-47 

m-9902-407 

s m s :  AU results in m g / ~  iwarerl or nq/kg lsoill unleas noted and are l.bora~ory ((LLBI un1.s. field IPYI, or calculated (-I 
TX:TOLaI; DIE:Dissolved: TRC:ToLaI Pesover&ble; E:BsLimLed; <:Lass Than DeLeCL. 81ank: PaZamLar nOL LesLed 

validatxon ~lags: I:IYIOM~OYS; UJ1:Blank; JZ.UJZ: standard; J I ; H O ~ ~  ~ i m ;  J I . U J I : D Y ~ I ~ C ~ L ~ .  spike, or splir Bxcasdancc; 

a~rejcctea. 

rqanrprl "1.0 06/95 using s : \ s i a i o u r \ \ ~ms~11.0~~ peg. 2 1  



S I T E  CODE 

EWPLB DATB 

SMPLS TINE 

UB 

UB m B R  

ZOIYULIS 

S M P U  W E E  

- -  METALS L MINOR CONSTI-S - -  
U(S8NIC IA.51 TO+ 

UMlIUll Ia.1 TO+ 

Laan IPBI TO+ 

m.2 

02/ao/99 

la:lS 

TSC-SLC 

L9903>9.40 

DUPLICATE 

BVT-9902-408 

N-S; 3.11 results in W/L. lwarer) or -/kg (soil) unles.  norra and ars laboratory I-) unless ciald IFLDI or calculated 1-1 

m : m r a l ;  ~ ~ s ; ~ i . s o i v e d ;  ~ C : T O L ~ ~  ~eswcrabls: 8:Es~iwced;  an. man Detect .  m a * :  paramrer not cesrcd 

~ ~ l i d a ~ i o n  ~ ~ a g s :  li:llm-~ous; w1:~1an*; JI.UJ~: s~andard; ~ 1 : x o l d  TI-; ~ ~ . ~ ~ ~ : h l p ~ i c r r a .  spikc. or splir hceedancc;  

K:PejeCred. 



EW-17 SW-ll 

01/10/99 03/10/99 

(11:10 09:10 

TSC-SLC TSC-SLC 

LP90217-20 1990217-21 

ElT-9901-320 ElT-9'101-321 

IY-I, 

01/30/99 

21:lO 

TIC-SLC 

l.990217-21 

Em-9901-323 

NOTES: A 1 1  results in ng/L lwaccrl or mglkg (Soill unless noted and are laboratory IUBI unless field IFLDI or calculated ICALCI 

T0T:TOTal; D1O:Diseolved; TEC:TOLnl PeCOvLrable; B:ESLiraLed; ':Less Than DcreCL. Blank: baral~tsr not tested 

Validation Plap: I:Ancnulous; U J 1 : B l m k ;  J2.U.72: LCandard; J1:Hold T i m ;  JI.VJ4:~plicare. Spike, or Split Bxceedancs: 



SITE moe 
BUlPLB DATE 

SUIPLB TIME 

U\B 

LIB W E P  

R r n l ( l i  

EiYlPLB M E R  

- -  METALS L MINOR CONSTI-S - -  
ARSENIC 1 1 5 )  m 
UDIIrm ICQI m 

L W  (PB1 m 

SU-17 6Y-17 S Y - 1 7  

01/11/99 01/11/99 01/31/99 

09:lO 15:lO 2l:iO 

TSC-SLC TSC-SLC TSC-SLC 

LP90217-25 L990117-16 L990211-17 

sw-ll SY-ll SU-L1 

01/01/99 02/01/99 02/01/99 

01:lO 0I:lO 09: 10 

TSC-SLC TBC-SLC TSC-SU 

HOTBS: Ail results in ng/L IYa~erl or mg/Xg (Boil) unless norcd and are l -ratoq ImI unless Cield IFLDl or calcularcd ( W C )  

mT:TDLa1; DIS:DisSOlVCd; R C : T O L a I  Recoverabla; B:BBLirTaLed; <:Less Than DeLeCL. B l a n k :  paramLsr not reared 

YalidaLion Flags: &:Monulous; VJL:Blan*; J2.UJ1: Standard; J1:HOld T i m ;  J4,UII:DYpIiCate. Spike, Or Split glCc.danCc; 

a : a s j e c r d .  

r q a D l p L 1  "1.0 06/95 using s:\siatouC\\rSWSWl1.DBP Page 24 



N K V S Y  - N - C O .  B V C ~ ~ L C  SWI 

- -  MR.U.5 L MINOR CDNSTINRITS - -  
UlSK"1C 1-1 rn 
UOlll"" lCDl m 

LEAC lPBl TOT 

SY-17 SU-L7 

01/01/99 02/01/99 

01300 0 1 : O O  

TSC-SLC TSC-SLC 

L990289-60 L990189-61 

BVT-9901-159 W-9902-260 

SY-17 

o ~ / a ~ / s e  

11:OO 

TSC-SLC 

L990289-61 

BYP-9902-261 

N-h: A11 reOulLs in WlL IUacerl or -/kg IBOill unless norcd and are labontory IUBI unless Cield IPLDI or calculaisd 1-C) 
T0T:TOCal; I)Ib:Di.sOlVed; I I IC;TOLa1 PaCovCrlblC; B:PsLimLed; <:Less Than Detect .  Blank: parserer not tested 

YalidaLlon Flags: A:UiO.TalDus; UJI:Blm*; J2.UJ2: SLandard; J3:Hold T i m i  Jl.UJ<:DYpliCaCe. Spike, or Split gxceedancc; 



SITS CODE 

BUlPLB OlTB 

SAMPLE TIME 

Us 
'An m m  

R S M K S  

SAMPLE W K R  

IIEIUS L MINOR CONSTI-KIS - -  
ULsmrc 1-1 m 
U \ a r l L W  ICDI "n' 

LBlYl IPB1 "n' 

L9902SP-66 L9902119-67 '990289-68 L990289-69 L99111119-IO 

DUPLICATE 

m-9902-265 BVI-9902-266 BYT-9902-267 BYT-9902-168 m-9901-169 

N m S :  All results in ng/L luaicrl or w/kg (toil1 un1e.s noted and are laboraLor/ ('An1 unless l i e ld  (PLDI or calculaied I-) 

Tm:ToLnl:  DIS:Dissolved; TP.C:Toral ilccOvcra8le; B:Bsiirnared; .:Lsrs man Darccc. 81ank: parameter not teared 
YalidaLion Flags: A:--lous; U J 1 : B l r a ;  J2.UJI; Bcandord; J3:Mold rim; Jl .VJ( ;Dupl i sace .  Spike, o r  B p l f C  Bxce.danco: 

P:Re,eCLad. 

rqanrprl "1.0 0 6 / 9 5  using s:\~~ar~ui\\NsYSWll.DBs Page 26 



SITE CODE 

SIYIPL8 D l i l F  

SAMPLE Trm 
UB 

LAB -En 
SMPLB MRlsEP 

SY-17 

02/06/99 

10: 15 

TSC-SLC 

L990289-71 

BVT-9902-270 

NOTES: ~ 1 1  results in VIL iwarcrl or irr~lk9 Isoi11 unless noted and are llboraiory IWLBI un1c.s field lswl or calcularad ICALCI 
TOT:TOL~~; ~19:~issolved; mc:~ocal  ~ecouerable; ~ : ~ s i i . w t s d ;  .:Less 'man ~ e t c c i .  ma*: parameter nor t e s t e d  

valldarion Flags: A:lnomaloul; UJ1:Blan*; J2.UJ2: SLandard; Jl;Hold Time; JI .WI:DupI icaLe .  Spike.  or S p l i t  Bxcocd.ncs; 

R:Rejectsd.  

rqanrpL1 vl.0 06/95 using s;\siaCour\\l\SFISU11.OBP Page h 



s i n  mas 
SUlPLB DATE 

SIUIPLE TIKB 
W\B 

W\B NuIIBm 
SIUIPLK NuIIBER 

- -  MBTliLS L MINOR CONSTI1VBmS - -  
&RBBNIC (IS) TOT 

CXmIVW 1a.l m 
LSAD IPBI m 

El-I7 

02 /07 /99  

22:15 

TSC-SLC 

L3302S9-77 

BW-9902-216 

ANALYSES S W Y  IUISURT D a c W n  Program 

6Y-l7 SY-I7 SY-17 SY-17 SY-17 

02/08/99 02/08/99 02/08/99 O l / O l l / 9 9  02/09/99 

01 :15  10: 15 17:10 23:10 05:10 

TSC-SLC TSC-SLC TEC-SLC TSC-SLC TSC-SLC 

L9902119-78 L990289-79 L990289-80 L990189-01 '990289-82 

SVT-9902-277 Em-9902-278 8W-9902-279 e-9902-280 BVT-9902-281 

NOTES: a i l  resulc. in n g / ~  ~ w a c e r ,  or &kg ( s o i l l  unless noced am arc lataiarory (UQ) unless field IFLO) or calculated IWCI 

~ : T O L ~ I ;  DIS:D~.SDI~C~; mc:mtal tccoverabla: B:B~LINZC~; .:-ss m n  D ~ L ~ C C .  ma*: p a r a n ~ ~ e r  nor reriLcd 

validaridn ~lags: I:IY~-~OUS; ~ 1 : ~ l a * ;  ~2.uJl: s~anda*d; J3:nola ~ i n r ;  J I . ~ ~ ; D u p l i c a r e .  spike, or splir ~cccdanca; 

a:amjacred. 

wqanTpC1 "1.0 06/35 using s:\scarou~\\nszv~u11.~~~ page 28 



- -  MET= L MINOR CONSTI-E - -  
ARSENiC IISI m 
ULOI(IVII lWl m 

LBI\O (Pal mT 

S Y - h  

02 /10 /99  

0 5 :  10 

TSC-SLC 

L990289-86 

BYT-9902-285 

NOTES: 1111 results in o q / ~  luarcrl or -/kg lsoill unless nored and are labonrory IU\BI un1c.s field I P W I  or calculated IWCI 
~ : T O L ~ I ;  ~ ~ s : ~ i a a o l v e d ;  TXC:TOL~I sscovcrable; ~ : ~ s ~ i r n t e d :  ' : ~ a s r  m n  Detect.  man*: paramecar noi r e l i e d  

YalldaLion P1.9.: I:&n-loun; W1:BlarA; J2.UJ2: BtMdard; J1:HDld T i m ;  J4,Wl:hiplicarc. Spike. or Split Sxceedancs; 

a a:arjecced. 

rqanrpL1 "1.0 0 6 / 9 5  using s:\SLaCouC\\ilSBVSY1L1DBP Page 29  



S l r a  CODE 

SUIPLB DATE 

SWPLB TINE 

LIB 
LIB W B R  

IBWRKS 

SUIPL8 W E K  

- -  Mm*LS L MINOR CDNSTIVJEWE - -  
mwzc 1-1 mr 
CIDlllYll IWI m 

LBLD IPBI m 

SY-17 

02/1a/99 

2,:oo 

TSC-SLC 
I.990289-BP 

6Y-17 SY-17 SW-17  

02/11/99 02/11/99 02/11/99 

06:OO 06:15 12:OO 

TSC-SLC TSC-SLC TSC-SLC 
L990289-90 L990289-91 L990116-ll 

DUPLICATE 

bYT-9902-189 KVI-9902-290 XVI-9903-811 

. - - - 

02/11/99 02/11/99 

17:15 21:15 

TSC-SLC TSC-SLC 

NOTES; AIL re~ulis in n g / ~  (warsrl or w / k g  1soi11 unless nor- and are labaratow ILIBI un1e.a field ~ P L D I  or calculaicd I W I  
TOZ:TOLIl; DIS:Di.SOlved; TX:TOLal PeCol*rlble; B:BSCi*LCdl ':Le.I Than m t e C F .  Blank: PaC-IeI "OL tested 

Validation Plags: h:m-loua; W1;Blank; ~ 2 . W 2 :  standard; J3:Hold T i e ;  JI.VJI;LNplicats. Spike. or Split Exceedance; 

a ; a e j c c r d .  

.qanlpL1 "1.0 06/35 us ing  .:\ILatOUL\\ISBYSY11.DBP Page 30 



SIT6 COD6 

SAMPLE DATB 

SAMPLE TIME 

m 
U B  W B R  

SWPLS W 8 1 1  

- -  M B T W  L MINOR CONSTI-S - -  
ARSENIC IABI TOT 

ULWIrn 1-1 TOT 

L8AD IPB) TOT 

NOTES: 1111 rc~ulrs in W/L  water) or -/kg isoil) unle.. noted ani are laorator/ unless field IFIDI or calcular.d I W )  

m : ~ ~ ~ ~ i ;  D I S : D I ~ S ~ L ~ . ~ ;  ~ C ; T O C . ~  ~ ~ ~ . , ~ . r a b l e ;  B : B s L ~ ~ L . ~ ;  .:L~.S man ~ C ~ C L .  ~lan*: paranmcer nor ===red 
Validation Flags: I : M m I O Y n ;  VJI:Blan*; J2.U.71: S~andnrd; J1:Holb Time; JI.UJ4;Duplicate. Spike, or Split EXceedance; 
I:rte,ecred. 

wqanrpr) v l . 0  06/95 using .:\.cacour\\lSBYSull.DBP page 31 HYdrllMCriCs. Inc .  05/os/99 



ASBYS* - I S U I C O .  BvareLC SYI 

L MINOR CDNST11VBKIS - -  
ARSPNIC IkSl TOT 

ClOHIUll ((Dl m 
L S U  IPBI 3VT 

- -  SMIIPLB TYPE: STOW warn - -  
1"-17 

0 1 / 1 5 / 9 9  

1 1 : o o  

TSC-SLC 

LSS0176-20 

DUPLICATE 

EVT-9903-820 

N m P :  All resulL. in mg/L (water, or w/*g (SOi11 vnlcls "0L.d and .re 1aboraLory Im, Unless field IPLDI or c.lcul.red IULCI 

m : ~ o ~ a i ;  o r ~ : ~ i s s ~ l v e d ;  TBC:TOL~~ ~ c c - d l = ;  ~:~scimacad; .:~ess man ~cracc. man*: parameter nor reaced 
ValidaLlOn P1.g.: A:IVI-IOU.; UJ1:Bld; J2.W2:  Standad;  J3:Hold T i m ;  Jl.lli4:INpliCaCe. Spike. or SDliC Exceedance; 
a:aejscied. 



- -  METALS L MINOX WNSTI'LVEmS - -  
UISENIC (AS1 TOT 

cm*IUII ICOI m 
LEAB IPBI TOT 

- -  SAMPLE TIPB: STURPI WATEII - -  

"oms: 1111 ~CIUIIS in W/L luarsr) or -/kg isoil1 unless norca a d  arc lahxarory 1-1 unless field IFLDI or calculrred 1-1 

m : r o r a l ;  ~ ~ s ; ~ i r r o ~ v c d ;  TIIC:TOL~I ~ecouerable; B : B ? L > ~ ~ L ~ ~ ;  r : ~ e s s  man ~ e r e c r .  8 1 d :  paranaier not rested 
Validation Flags: A : M m l o u s ;  UJ1:Blark; J2.YJZ: Standard; >,:Hold T i m ;  J4,UJI:DupllCaLe. Spike. or Split Bxcecdancc: 

n:teieCLcd. . • rqanrpr~ v1.0 06/95 using S:\.~~COU~\\~\S~YSYIL.DBP Page 11 



SITE CODE 

SAMPLE DITB 

SMPLE mns 
ULB 

Y\B m a l l  
SU(PLE m m  

- - 

01/16/99 02 /17 /99  0 2 / 1 7 / 9 9  02/17/91) 02/11/99 02/18/99 

1 2 : 4 5  0 4 : 4 5 .  10:4S X 6 : 4 5  2 2 : 4 5  0 4 : 4 5  

TSC-SLC TSC-SLC ISC-SV TSC-OLC HC-SLC HC-SLC 

N m S :  111 resul~s i n  w / L  ,Yarer) or w / k g  (Soil) unless n a r d  and arc labonrory IULBI un1s.s fiald IPLDI or calculated IULCI 

XTr:TOLal: Drs:Dis~olved; m c : T ~ ~ a l  Rcc~vcrabls; B:B~Eima~ed; <:less rnm D~LCCL. Blank: paramsisr nor rested 
Yalidaiion Flags: A:IUIONIOUS: UT1:Blad; S 2 . W I :  St&=-; J1:Hold T i m ;  J4.UJl:mpli~aC~. Spike. or Splic Bxca.dancs; 

R:RejscC.d. 

rqanrpL3 vl.0 06/95 using s:\sLaLour\\ilSBVSY11.OBI Page 1 4  



- -  *BTm L MINOR mNsTI.IIWITS - -  
ARSENIC 11\51 m 
UVWIUll 1CDI m 

LBU) lPB1 WYr 

LY-17 S Y - 1 7  

02/18/99 O l / l ( l / P 9  

16:45 2 2 1 4 5  

TSC-SLC TEC-ELC 

L990118-30 L'190338.ll 

KVI-9902-350 BYT-9902-151 

SW-17 

02/19/99 

1 6 ~ 4 5  

TSC-SLC 

L990118-14 

m - 9 9 0 2 . 3 5 4  

-S: 1111 resulLs in q / L  1Yarerl or -/kg (Soill unless nored and arc laboratory 1-1 unless field (FlD) or calmlared 1CLLCI 

TDT:TOT~L; D I E : D ~ B ~ O ~ V ~ ~ ;  TRC:TOL~~ ilecoverablc; K:E1ciw~ed; < : L ~ S S  m a n  D ~ L ~ C L .  ~1ank: paramercr nor rested 

Validation Flags: A:i\nwlouo; UJI:Blan*; J2.U.72: Standard; J3:Bold Timc; J4.UJl:mplicnCe. Lpiks, or Split Bxceedancs; 

R:lleieCLed. 

qanrpr3  v1.0 06/95 uning s:\statour\\ASBvSu11.DBP page 15 



BY-17 

0 2 / l ' ) / 9 3  

22345 

TSC-SLC 

L990llB.IS 

m - 9 9 0 2 - 3 5 5  

B Y - I 7  SY-17 SY-17 LW-11 bU-17 

02/20/PP 0 2 / 2 0 / 9 3  0 1 1 7 0 / 3 9  0 1 / 2 0 / 9 9  0 1 / 2 1 / 9 9  

01: 1 5  1 0 : 4 5  1 6 : 4 5  ZZ:$S 04 :45  

TSC-SLC TSC-SLC TSC-SLC T B C - E x  TSC-SLC 

L990338-36 L930338-31 L99033S-38 L990318-39 L'L90138-40 

BYT-9901-356 BYZ.9902-157 m - 9 ' 1 0 1 - 1 5 8  m - 3 9 0 2 . 3 5 9  m - 9 9 0 2 - 3 6 0  

-I: 111 TeIYlis in .q /L  IUarerl or nx~/kg (Soil, unless norcd and arc laborarory IUIBI unless tield IPLDI or ca lcu lard  I-) 
m : m c a l ;  OIS:DI.SO~V~~; ~ C : T Q L ~ I  ilecwerabls; ~ : ~ s i i n u ~ e d ;  < ; ~ e s a  ~ h a n  Decect. man*: p a n m r e r  nor r c s r M  

validation ~1.98: ~ : h - l o u s ;  W X X B I ~ R * ;  JZ.UJZ: Standard; 53:Hold Tina; ~ ~ . ~ ~ ~ : h i p l i c a c e .  spikm. or split ~xceedance; 
R:R*jsccad. 

r q l n r p t l  "1.0 0 6 / 9 5  using s:\siarout\\nS6VSWll.DBP Page 3 6  



- -  METALS L MINOR M N S T I 7 U S M S  - -  
msE"1c ImSLS) TOT 

U P l l V n  Im.1 m 
LBlYI lPBl  TOT 

SY-I8 

01/01/99 

12:15 

TSC-SLC 

L990289-I0 

BVI-9902-229 

NOTES: All 1esu1Ls in ng/L Iuaccrl or ng/k9 150111 unless noted and are laborarory 1LU)I unless lisld IPLDI or ~alcula~ed IULCl 
m : ~ o ~ a l ;  OIB:D~..OIV~~; TRC:TOL~I ~ c c o v e r a l e ;  z : ~ s i i ~ t e d ;  ':t.ess man a r e c r .  aiank:paramisr nor rested 

Validation Plags: A:lulomaloua; W1:BIarU; J2.UJ2: Standard; J3:Hold Time; J4,UJI:Duplicarc. Spike. or Pplrr BIceedlnsc; 
a:aejecrad. 

rqsnrpt3 "1.0 06/95 us ing  S : \ S ~ ~ L O ~ L \ \ I C ~ Q Y ~ I I . D B I  page I7 ~ydromecrics. ~ n c .  05/05/99 



SITE coDe 
SAMSLB DATE 

W P L E  TIME 

UQ 

ULB -BBR 
SAMPLE MMBBP. 

S Y - I 0  SU-18 

02/05/99 02/01/99 

05:OO l l : O O  

TSC-SLC TSC-SLC 

1990289-33 L990289-34 

BVI-9902-212 EM-9902-213 

SY-18 SY-18 

02/05/99 02/05/99 

15:45 2 1 ~ 4 5  

TSC-SLC TSC-SLC 

L990189-15 L9902BP-36 

m-9902-214 BVT-9902-115 

SV-18 

02/06/99 

09:45 

TSC-SLC 

LPP02BP-38 

EV-9902-237 

HOTBS: ~ 1 1  IESY~CI in ..J/L lvarerl or -/kg I P O ~ I I  unless noced .M arc laboratory I W I  unless field (m) or calculated ICALCI 
~ T : I O L ~ I ;  ~ ~ s : ~ i s s o ~ v e d ;  ~ C : T O L ~ I  ~scovcrable: ~:~siimated; .:~ess m n  Derccr. man*: parameter not resrcd 
Validation P1.9.: A : l n w l o u ~ ;  W1;BIm*; J2.O.72: S r d a r d ;  J3:HOld Ti-; J4.Wl:hlpliCaLC. Spike. Or SPliL BxCeedmCa; 

R:Rejecred. 



ASB"sW - N A R C O .  Everett EYI 

SITS mm 
BWPLB DATE 

L W P L B  TIME 

UB 

UB W F R  

SAMPLE W B R  

- -  MrnALS L MINOR COWOTITIIBNIB - -  
ARSENIC ( G I  TOT 

CLDtlIUll 1 0 )  rn 
L W  ,PSI lwT 

NOTES: lill resulrs in n g / ~  lwaterl or  (soil) unless norcd and are laborarory IUBI unless field I F W I  or Calculated IULMI 
TVT;TOL~~; D I S : O ~ S S O I V ~ ~ ;  TRC:TOL~I R ~ C W I ~ * I ~ ;  ~ ; ~ s ~ i m a t e d ;  .:LCPS m a n  Dlrccr. man*: paranrrer no< rested 

valida~ion PI...: ~ : m ~ l ~ ~ s ~  w1:~lsn*; JI.UJ~; ~iandard; J1:~old TIM; J4.~4:~u~licats. spike. or split ~xccedancc; 

a:aejccied. 

wqanlpF3 " 1 . 0  0 6 / 9 5  using sr\Srarout\\LSBvSrl1.DBP Page 19 HydrOnULrics. Inc. 05/05/99 



SITS CDDB 

SAMPLE DIlg 

SUIPLE TIME 

UB 
L*8 -EX 

I I M I I E  

SAMPLE -EX 

- -  *KT= L MINOR C O N S T X m S  - -  
ULSBNlC IGI m 
UV)MIVII ICDI TOT 

LEAD IPBI mr 

BY-18 S Y - I l l  EV-la SU-18 SW-18 SY-18 

02/0e/99 02 /08 /99  02/08/99 02/08/99 02/08/39 01/09/99 

01:45 09:15 16:'s n : 0 0  12:45 01:45 

TSC-SLC TSC-SLC TSC-SLC TBC-SLC TSC-ELC TSC-SLC 

L990289-45 LP90289-46 L990289-47 L990289-41 L9901B9-49 L.990289-SO 

DUPLIC%TS 

BYT-9902-244 BYI-9902-245 BVT-9902-216 ByI-9902-247 BYT-9902.240 BYT-9902-249 

NLITBS: 111 ~ C S Y I L ~  i n  W I L  ivacer~ or -/kg fsoil) unlen~ noted and aro i m r a r o r y  IULB) unless cield lrwl or caiculard IUCI 
m : m c a 1 ;  DIS:DISSO~V~~; ~ C Z T O C ~ I  ~ecavcnblc;  K:Bsci~Led; <:~ess man ~ereci, s l d :  mraacter not cesree 
validation plaga: I : ~~ - IOUS;  w1;81amb; JI.UJ?: standard; J3:llold 'rim; J I . U J I : D U ~ ~ ~ C ~ C ~ .  spike, or split wceedancc; 
a;Re]eELed. 

rqlnTpL1 "1.0 06/95 using s:\scaLour\\GhYBX11.DBS P.go 40 



SV-18 

02/10/99 

10:15 

TSC-SLC 

L990289-55 

BVT-9902-254 

SY-1s 

02/10/99 

1 6 ~ 4 5  

TSC-SLC 

I.990289-56 

SyI-9PO2-2SS 

mmr: UI results in ~ J / L  I Y ~ L C T I  or -/kg Isoil) unlsss m r e d  and ars laborator( 1 m 1  unless field IPWI or calculated (WCI 

W : T O L ~ ~ ;  01s:~iee01ved; TRC:TOL~~ ilacovcrable; ~:~simmscsd; man neccc~. ~lan*: paranrccr not celicca 
ValidaLion PI.9.: I ; u l O u 8 ;  WL:Blan*; J1.W2: Standard; J3:Hold Time; J4,WI:OupliCaCc. Spikc. or Split Kxceedanca; 

a:aejecrcd. 



SITE CODE 

S W P L E  D A B  

SAMPLE zIna 
UQ 

IJLB m z x  
SIllPLE W B R  

- -  M=ALS L MINOR COWPTINSKTS - -  
ULSENIC (AS) mr 
CIDMIIM ICOI mr 

L W  lP8l m T  

NOYES: AH r ~ ~ ~ l ~ s  in ~ J / L  l~arcrl or -/kg lsoill unless nored and are labonrory I U Q I  unless f i e l d  IPLDI or calculared I-C) 
XIT:TOL~I; DIS:D~BSOIVC~; T E C ; T ~ L ~ ~  P C C W C ~ ~ H ~ ;  B ~ B I L ~ ~ L O ~ ;  .:mss man oerecr. elan*: paramercr not resrM 
validation viagS: &:IvL-~~~; wx:~lan*; J 2 . w ~ :  standard; J3:~old Tirnc: J~.uJl:mplicare. Spike. or split mceedmce; 

a : a e j e c c d .  

nianrpil "1.0 06/95 using ~ : \ . r a r m r \ \ A S m E N l 1 . D B ~  Page 4 2  



SITE CODB 

PMPLB DATB 

TIME 

rn 
UB -EII 

R-IS 

SMPLB -hR 

- -  IImPLS L MINOR CONSTnvEwrS - -  
ULSF)IIC IUI mr 
CUWIVIl IL-DI m 

iBliD IPBI m 

SH-18 BY-re 

02/11/99 0 1 / 1 3 / 9 9  

01:10 1 0 :  15 

TSC-SLC TSC-SLC 

L990119-2 LPPOIIP-I 

DUPLIULTB 

E m - 9 9 0 2 - 1 6 1  BYI-9902-36) 

N m E :  All r ~ sults in ng/L IYaterl or w/kg (Soill unless noted and are lahracory I-1 un1e.s field IPLD) or calcularcd ICILCl 
mT:Tocal; DIB:Dis~olu~d; 7XC:Toial Recoverable; E:EsLilMLed; <:Less Than Derecc. 8 1 d :  parameter not Lcored 
validetion ?lags: a ; ~ ~ l - l o u s :  UJ1:~lark; J I . U J ~ :  srandard; ~ ~ : n o l d  r i m ;  ~..u~~:rmplicarc. Spike, or Split ~xccedmce;  



METILS 6 MINOR CONETIWJZWCS - -  
msmrc IIISI m 
W I Y M  ICD) m 

LEAD lPBl TOI 

BY-18 SY-18 hY-I8 B Y - 1 8  BY-LO 

01/14/93 02/14/99 02/15/99 02/15/99 02/15/99 

16;15 12:15 01:15 10:19 1 6 ~ 1 5  

TSC-SLC TSC-SLC TLC-SLC TSC-SLC TSC-SLC 

L990.16-6 '990476-7 L990<76-(I L990116-9 LP90176-LO 

KVT-9903-006 KVT-9901-807 KW-9903-808 BYT-9903-809 KVT-9901.810 

" e n s :  all results in W/L w a t c r l  or ~ 1 x 9  1 s o i l )  unless norad and are laboratory 1-1 unless field I P ~ I  or cslculared I-CI 
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Introduction 

In comments on the Draft Storm Water and Storm Drain Sediment Characterization and Controls Work 
Plan (ASARCO, 19981, the Washington Department of Ecology (Ecology) expressed concern with the 
levels of arsenic in biosolids and effluent from the Everett Water Pollution Control Facilih (WPCF) and 
requested that ASARCO work with the City of Everett to define the relationship between arsenic input and 
the biosolids and effluent output. In response ASARCO contacted Everett representatives (Dan Thompson 
and Gene Bennett) and discussed these concerns by telephone and in an April 27, 1998 meeting. Everett 
representatives provided ASARCO with copies of the City of Everett's 1995, 1996, and 1997 Residual 
Solids Monitoring Reports prepared in compliance with NPDES permit WA-002449-0. Everett 
representatives also provided a disk with an Excel spreadsheet containing influent and effluent water 
quality data for arsenic for samples taken between January 1995 and April 1998. Recently, Everett 
representatives provided copies of laboratory results of biosolids samples taken in 1993, 1994 and March 
and May of 1998. 

The influent to the aeration pond is located on the nonhwest side of the pond. Wastewater flows from the 
influent south from Zone I to Zone 11, east into Zone UI, then north into Zone N, and is treated aerobically 
as it flows from one end of the pond to the other. A sketch of the pond is presented in Figure 1. 
Wastewater is biologically treated through aerobic decomposition in the aeration pond. Effluent from the 
aeration pond is discharged at Outfall 0 15, located on the northeast side of the pond. Wastewater is also 
withdrawn from the aeration pond and treated in a trickling filtedsecondary clarifier. Waste secondary 
solids from the trickling filter/secondary clarifier are returned to the aeration pond. Effluent from the 
trickling filterlsecondary clarifier is discharged to Outfall Olja. Everett's NPDES Permit No. 
WA-002449-0 requires Everett to take flow measurements and samples of influent wastewater and treated 
effluent. The City of Everett analyzes samples for antimony, arsenic, beryllium, cadmium, chromium, 
copper, lead, mercury, nickel, selenium, silver, thallium, zinc, cyanide, oil and grease, phenols, and 
conventional parameters. The flow and water quality of samples from the trickling filterlsecondary 
clarifier, which is discharged at Outfall 015a, varies on a daily basis from that the aeration pond effluent, 
which discharges at Outfall 015, but on an annual basis they are comparable. Therefore, for this 
evaluation, only the data from the aeration pond were examined in detail. 

During the treatment process, biosolids accumulate in the aeration pond. The City of Everett takes 
quarterly composite biosolids samples from nine areas of the aeration pond in accordance with NPDES 
Permit No. WA-002449-0. Area I is located in Zone I. Areas 2 through 4 are located in Zone 11. Areas 5 
through 7 are located in Zone 111. Areas 8 and 9 are located in Zone IV. Sampling locations for 1996 are 
presented in Figure 1. Samples are analyzed for total volatile solids, total solids, pH, silver, arsenic, 
cadmium, chromium, copper, mercury, molybdenum, nickel, lead, selenium, and zinc. Samples are also 
analyzed annually for PCB's and routinely for vector attraction and pathogen parameters. Although the 
NPDES permit does not identify arsenic as a monitoring parameter, the City of Everett analyzes the 
samples for arsenic to help classify biosolids for land application. These biosolids samples are obtained 
from five locations within each area being sampled. Grab samples are taken from cores that extend from 
the top of the biosolids blanket to the pond bottom at each of the five locations within an area. Grab 
samples are composited to make up a five liter sample for each area. Additional compositing is performed 
in the laboratory for the purpose of vector attraction evaluation. 

D u ~ g  the quarter prior to land application of the biosolids, the C i h  of Everett also obtains one composite 
sample made up of samples from all nine areas. Results of that sample are used to characterize biosolids 
for land application or recycling projects (personal communication, October 2, 1998). 



The influenf effluent, and biosolids data summarized above were reviewed. The focus of the review was 
on total arsenic in biosolids samples and the existence of any seasonal or long term trends, however, other 
metals in biosolids samples m d  arsenic in wastewater were also examined. 

Wastewater 

Average monthly concentrations of arsenic in influent wastewater from 1995 through April 1998 were 
calculated from data supplied by Everett (analytical results of weekly 24-hour composite samples). 
Average monthly concentrations of arsenic were plotted over time, and compared to monthly precipitation 
recorded at Everett Junior College to examine possible seasonal variations in influent quality (see Figure 2). 
There appears to be a relationship between average monthly concentration of arsenic in influent and 
monrhly precipitation. A correlation factor was calculated using the statistical correlation function 
supplied with the Excel program and comparing average monthly concentrations of arsenic to monthly 
rainfall. The correlation factor between average monthly arsenic influent concentration and monthly 
precipitation is 0.715. The average concentration of arsenic in influent samples for each year reviewed is 
presented below: 

The City of Everett calculates daily loadiig by multiplying the average daily flow by the concentration of 
the weekly 24-hour composite sample. Monthly averages of daily loading of arsenic in influent wastewater 
from 1995 through April 1998 were calculated from data supplied by the City of Everett (calculations of 
daily loadings from weekly samples). Monthly averages were also plotted over time and compared to 
monthly precipitation to examine possible seasonal variations in influent quality. A graph of this data is 
presented in Figure 3. There appears to be a weak relationship between daily loadiig of arsenic averaged 
on a monthly basis and monthly precipitation. The wrrelation factor between average monthly arsenic 
concentration and monthly precipitation was calculated to be 0.574. The average loading of arsenic in 
influent samples for each year reviewed is presented below: 

January lhrough April 

Average monthly concentrations of arsenic in treated effluent from the pond from 1995 through April 1998 
were calculated from data supplied by Everett (analfical results of weekly 24-hour composite samples). 
Average monthly concentrations of arsenic were ploned over time and compared to monthly precipitation. 
A graph of this data is presented in Figure 4. There appears to be a weak relationship between average 
monthly concentration of arsenic and monthly precipitation. The wrrelation factor between average 



monthly arsenic concentration and monthly precipitation was calculated to be 0.4 12. The average 
concentration of arsenic in effluent samples for each year reviewed is presented below: 

Monthly averages of daily loading of arsenic in wastewater effluent from 1995 through April 1998 were 
calculated from data supplied by the City of Everett (calculations of daily loading from weekly samples). 
Monthly averages were plotted over time and compared to monthly precipitation. A graph of this data is 
presented in Figure 5.  There appears to be a weak relationship between daily loading of arsenic averaged 
on a monthly basis and monthly precipitation. The correlation factor between monthly averages of daily 
loadiig and monthly rainfall was calculated to be 0.535. The average loading of arsenic in effluent 
samples for each year reviewed is presented below: 

Biosolids 

Application of biosolids is regulated under WAC 173-308. Table 1 of that regulation sets the maximum 
allowable concentration (ceiling limit) of pollutants in biosolids that are applied to the land. The ceiling, 
limit for arsenic is 75 mgKg on a dry weight basis. Table 3 of that regulation sets a lower pollutant 
concentration threshold which, when achieved, relieves the person who prepares biosolids and the person 
who applies biosolids, from certain requirements related to recordkeeping, reporting, and labeling. The 
concentration limit for arsenic is 4 1 m a g .  Biosolids that meet the pollutant concentration limits in Table 
3, the Class A pathogen reduction requirements, and the vector attraction reduction requirements, are 
defined as "exceptional quality biosolids." Biosolids that exceed the pollutant concentration limits in Table 
3 may be applied to the land if the concentration is less than the ceiling limit and if the cumulative pollutant 
loading rates and the annual pollutant loading rates (Tables 2 and 4) are met. Tables 1 through 4 are 
presented in Appendix A. 

Average quarterly concentrations of arsenic in biosolids samples from 1993 through May 1998 were 
plotted over time for each Zone. Graphs of this data are presented in Figures 6 through 9. Average 
quarterly arsenic concentrations in biosolids for the overall pond (combination of all zones) were also 
plotted over time. The graph of this data is presented in Figure 10. The graph of average quarterly 
concentrations of arsenic in biosolids samples was supplemented by interpolating between quarterly data 
points for each month. Correlation factors were calculated using the statistical correlation function 
supplied with the Excel program and comparing average monthly concentrations of arsenic to monthly 
rainfall. Short term fluctuations were observed and peaks in overall quarterly arsenic concentrations were 
observed to occur during or immediately after low rainfall. No clear relationship was observed, however, 



between the average concentration of arsenic in biosolids samples and precipitation. 

Generally, concentrations of arsenic are lowest in samples from Zone 1 and highest in samples from Zone 
4. The highest concentrations of arsenic in biosolids were observed in samples taken in June 1995. 
Average quarterly concentrations of arsenic in biosolids consistently fall below the ceiling limit (Table 1) in 
every Zone. Average quarterly concentrations of arsenic in biosolids have exceeded the Table 3 values 
occasionally in Zones 3 and several times in Zone 4. Concentrations of arsenic have exceeded the Table 3 
value only once between 1993 and April 1998 in the composite sample taken for land application 
characterization purposes. 

A portion of the accumulated biosolids have been removed from Areas 3 through 9 (Zones 2 through 4) of 
the aeration pond approximately every two years. Removal activities occurred from July to October 1992, 
from September 1994 to January 1995, from August to December 1996, and from May to July 1998. No 
relationships were observed between biosolids removal activities and arsenic levels in effluent or biosolids. 

Average concentrations of arsenic in biosolids for each year are presented below: 

March and May only 



Summarv and Conclusions 

Arsenic concentrations and loadings were evaluated for wastewater influent and pond effluent from 1995 
through April 1998. Arsenic concentrations were also evaluated for accumulated biosolids from 1993 
through May of 1998. Short term variations in arsenic levels in wastewater influent, pond effluent and 
accumulated biosolids were observed. Average monfhly arsenic concentrations and loading in influent were 
observed to vary with monthly rainfall. A weaker relationship between average monthly arsenic 
concentrations in pond effluent and rainfall was also observed. 

Linear regression analysis was used to evaluate possible trends in arsenic levels in wastewater influent, 
efnuent and biosolids. Trend lines are shown on Figures 2 through 9. The slopes of the trend lines were 
relatively flat and do not indicate any clear increasing or decreasing concentration trends with time. 

Average quarterly arsenic concentrations in biosolids are consistently below the ceiling concentration of 75 - m g K s  established in WAC 173-308 Table 1 for the time period evaluated. Average quarterly arsenic 
concentrations in biosolids occasionally exceed the concentration limit (41 mgKg) established to help 
define exceptional quality biosolids (Table 3). However, other factors affect whether or not biosolids may 
be d e h e d  as exceptional quality biosolids, including the results of the composite land application 
characterization sample. These factors include pathogen reduction requirements, vector attraction 
requirements, and concentrations of other metals. Everett representatives indicated that pathogen reduction 
requirements and vector attractiori requirements are consistently met (personal communication, October 2, 
1998). The data also indicate that average quarterly cadmium and zinc concentrations occasionally exceed 
the concentration limit and average quarterly lead concentrations routinely exceed the concentration limit 
for exceptional quality biosolids (Table 3). 



From "1996 Residual Solids Monitoring Report; NPDES Permit WA-002449-0, City of Everett, WA" 

Figure 1 









Average Monthly Arsenic Loading and Monthly Precipitation 
Aeration Pond Effluent 

Everett water Pollution Control Facility 

Month 

Figure 5 
Average monthly loading 

* Total incheslmonth - Linear (Average monthly loading) 
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