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Section 1 
Introduction 
 
 
CDM Federal Programs Corporation (CDM) and Parametrix (CDM/Parametrix 
Team) has prepared a technical memorandum for the evaluation of groundwater flow 
and contaminant transport to support the remedial investigation/feasibility study 
(RI/FS) being performed for the Hamilton-Labree Roads Superfund Site (Site). The 
Site is located south of Chehalis, Washington in Lewis County.  For this study, the Site 
includes the Hamilton Road Impact Area, the Breen Property and the impacted 
groundwater area.  The evaluation was performed under Task Order 024 of the U.S. 
Environmental Protection Agency Region 10 Response Action Contract (RAC 10).  A 
groundwater modeling effort, including fate and transport simulations, was required 
to evaluate the tetrachloroethylene (PCE) groundwater plume that originated onsite 
and has migrated downgradient.  The report summarizes the site characteristics and 
documents the construction and calibration of the model.  The report also presents the 
estimated capture zone of proposed extraction wells and two simulated contaminant 
transport alternatives: no action and source removal.  

1.1 Background 
The location of the Site is typically described as the intersection of Hamilton Road and 
Labree Road, west of Interstate 5, about 2 to 2.5 miles south of the main commercial 
district of Chehalis, Washington, within Lewis County.  The Site includes the Breen 
property (located at the intersection of Hamilton Road North and Labree Road), the 
Hamilton Road Impact Area (HRIA), and the entire geographic area where PCE and 
related chemicals have been found in groundwater.  This geographic area 
encompasses the area between and around the Breen property and the HRIA and 
extends more than a mile northwest of the intersection of Hamilton Road and Labree 
Road (URS 2004). The study area is shown in Figure 1-1 and the Site location map is 
presented in Figure 1-2.  A figure that shows well locations throughout the Site is 
shown in Appendix A-1. 
 
The HRIA portion of the Site is a roughly rectangular area approximately 3 acres in 
size, located immediately east of the United Rentals building on Hamilton Road 
North and extending eastward to the western edge of Interstate 5.  The HRIA includes 
portions of the front parking lot of United Rentals, Hamilton Road North, and the 
grassy strip between Hamilton Road and Interstate 5 (owned by Lewis County and 
the State of Washington).  Berwick Creek flows through the grassy strip from 
southeast to northwest.  The geographic boundaries of the HRIA were estimated by 
observing where soil and groundwater samples were found to contain high 
concentrations of PCE (URS 2004). 
 
Both the Breen property and the HRIA have been identified as areas that contribute 
PCE to the contaminant plume of the shallow aquifer.  This shallow groundwater 
occurs in an aquifer (referred to as the "shallow aquifer") present from just below the 
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ground surface to approximately 50 feet below ground surface.  The shallow 
aquifer is used as a water source by businesses and homeowners in the area, and 
PCE was found in some private wells starting in 1993.   Groundwater in the 
shallow aquifer flows to the northwest, parallel to the Newaukum River valley 
(URS 2004). 
 
Approximately 24 shallow-aquifer private wells are located in the vicinity of the 
HRIA, within about a mile of the intersection of Hamilton and Labree Roads and 
"downstream" (in terms of groundwater flow) of the HRIA.  Of the properties 
supplied by these wells, the U.S. Environmental Protection Agency (EPA) 
connected all but seven to the City of Chehalis municipal water supply in 2002.  
PCE has not been detected in the private wells that remain unconnected to the 
municipal water supply (URS 2004). 
 
After the discovery of PCE in private wells in 1993, the Washington State 
Department of Ecology performed several investigations to find the source of the 
contamination.  Both the Breen property and the HRIA were identified as sources 
during these investigations.  EPA took over the investigation work in July 2000, 
when the Site was designated a Superfund site.  The initial work by EPA resulted 
in the connection of properties with contaminated wells to the City of Chehalis 
municipal water system in 2002.  This action protected homeowners and workers 
in the area from the immediate risks from any PCE in the shallow aquifer.  Work 
did not include, however, any attempt to cleanup the PCE in the shallow aquifer.  
An Engineering Evaluation/Cost Analysis (EE/CA) (2004) was prepared which 
considers alternatives that could be implemented to remove PCE from the shallow 
aquifer, to protect human health and the environment, and eventually to restore 
the shallow aquifer to a beneficial use (URS 2004). 
 
1.2 Purpose   
The objectives of the groundwater modeling task are to:  
 
#  Develop a steady-state numerical model of the hydrogeologic system,  
 
#  Build a solute transport model into the numerical model in order describe 

the fate and transport of dissolved PCE within the 
aquifer system to support an RI/FS   
  

 
The model will provide decision support in the development and analysis of 
remedial alternatives including: 
 
#  Estimate of the capture zone for the hydraulic containment alternative 
 
# The water quality impact of “No Action” and “Source Removal” 
alternatives 
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Section 2 
Conceptual Model 
 
 
The first step in preparing a numerical model is the preparation of a conceptual 
model.  The conceptual model presents the modeler’s understanding of the 
occurrence and movement of groundwater in the area of interest and is typically 
based on regional data, site-specific data and general hydrogeologic knowledge.  The 
conceptual model focuses the calibration process and interpretation of model results 
by presenting a general understanding of the aquifer system.   

The main components of a conceptual model are 1) hydrostratigraphy (including 
hydrogeologic properties and contaminant transport properties), 2) groundwater 
sources and sinks, and 3) groundwater flow directions.  

2.1 Hydrostratigraphy 
The Site lies within the Chehalis River Valley, at the southern end of the Puget Sound 
Lowland, an elongated structural basin that extends from the western drainage divide 
of the Cascade Range to the eastern drainage divide of the Olympic Mountains and 
north to the Frasier River in British Columbia.  Pleistocene-age glaciations and 
subsequent Holocene-age alluvial processes that shaped the Chehalis lowlands left 
behind significant accumulations of glacial outwash, till, glacio-lacustrine deposits, 
and alluvium.   

Two hydrostratigraphic units of interest have been identified to exist in the study 
area: alluvium underlain by glacial outwash.  Additionally, fine-grained alluvial 
sediments underlie the outwash.  Figure 2-1 presents the stratigraphy within the 
study area and cross sections in Appendix A-2 show the stratigraphy at the Breen 
property.  Additionally, Appendix A-3 presents the lithologic logs for the nine newly 
installed wells (MW-600 - 608) at the HRIA.  

Alluvium, the youngest geologic unit at the Site, consists of modern river and stream 
deposits of fine gravel, sand, and silt.  This unit can vary in thickness from a few feet 
near the valley edges to several tens of feet in the Chehalis Valley interior.  At the Site 
the formation is referred to as the silt cap and ranges from 0 to 10 feet below ground 
surface (bgs).  The silt cap is primarily silt, containing sand lenses and stringers.  In 
some cases, the silt grades to a silty sand or silty gravel at its contact with the 
underlying sand and gravel of the Vashon outwash (URS 2004).  As shown in 
Appendices A-2 and A-3, the base of the silt cap occurs at an elevation of 
approximately 200 feet near the site properties.  Figure 2-1 indicates that the base of 
the unit slopes to the west in the study area. 
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Vashon outwash gravel and sand underlies the alluvium (silt cap).  The Vashon 
outwash onsite is referred to as the shallow aquifer.  The shallow aquifer consists of 
fine-grained, poorly sorted sand to coarse gravel, with cobbles prevalent.  The silt 
content of the sands and gravels varies substantially throughout the shallow aquifer, 
with some zones classified as silty sands and silty gravels and other zones classified 
as clean sands or gravels.  At the Site, the shallow aquifer ranges from 10 to 47 feet bgs 
(URS 2004).  As shown in Appendices A-2 and A-3, the base of the aquifer occurs at 
an elevation of approximately 157 feet near the HRIA and Breen property.  Figure 2-1 
indicates that the base of the unit slopes to the west in the study area.  

Beneath the shallow aquifer, fine-grained alluvial sediments overlay glaciolacustrine 
deposits of glacial Lake Chehalis.  These deposits are described as blue-green silt or 
clayey silt in the EE/CA field investigation auger borings, but have been logged as a 
clay in some locations by other investigators; this aquitard is widespread in the 
Chehalis River Valley and is reported to be more than 100 feet thick.  Onsite this 
deposit begins at an approximate depth of 47 feet.  The thickness is reported to be 
more than 100 feet and little to no groundwater movement occurs across this low 
permeability unit (Dames and Moore 1994).  At locations far downgradient from the 
HRIA, the available hydrogeologic data are less plentiful, and it was not possible to 
develop a detailed picture of hydrogeologic conditions (URS 2004).  

2.2 Hydrogeologic Properties 
Within the HRIA study area, the shallow aquifer exhibits the characteristics of a 
confined or leaky confined or semiconfined aquifer. The silt cap of the shallow aquifer 
is relatively thin (1 to 13 feet thick within the HRIA study area) while the basal 
aquitard is reported to be more than 100 feet thick (Dames and Moore 1994).  Little 
leakage probably occurs between the deep and shallow aquifers.  The silt cap and the 
silt/clay basal aquitard exhibit vertical hydraulic conductivities less than the 2.3 x 10-2 
ft/day (8 x 10-6 cm/s), based on laboratory testing performed on samples collected 
during the EE/CA  (URS 2004).  The results of vertical conductivity tests are shown in 
Appendix A-4.  
 
The sand and gravel of the shallow aquifer beneath the HRIA underlies the silt cap 
and extends to a depth of about 47 feet bgs (as measured from near the United Rentals 
building).  Logged soil types within the sand and gravel typically range from fine-
grained, poorly sorted sand to coarse gravel, with cobbles prevalent.  The silt content 
of the sands and gravels varies substantially throughout the shallow aquifer, with 
some zones classified as silty sands and silty gravels and other zones classified as 
clean sands or gravels (URS 2004).   
 
Three sources provide horizontal hydraulic conductivity values for the shallow 
aquifer.  Results of two short term tests performed at MWR-10 and MWR-11 suggest a 
horizontal conductivity value of 125 ft/day (E&E 2000).  Two pumping tests 
conducted as part of the EE/CA investigation at MW-602 and 605 (with several 
observation wells) suggest a range of horizontal conductivities from 8.8 to 139 ft/day 
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(URS 2004).  The maximum value is approximately one order of magnitude greater 
than the average value.  The large conductivity is noted to be parallel to the Berwick 
Creek in the HRIA source area.  Lastly, in a regional study, the horizontal hydraulic 
conductivity was estimated to be 75 ft/day (Ecology 2005). 
 
The effective porosities of the silt cap and the aquifer are shown in Appendix A-4.  
Effective porosities for the silt cap range from 7.5 to 12.9 % and for the aquifer range 
from 11.2 to 36%.  
 

2.3 Groundwater Recharge and Discharge 
The main source of recharge to the aquifer system is precipitation.  Regional data 
indicate an average annual precipitation for the area of approximately 46 inches 
(Ecology 2005).  Using a relationship as described for adjacent Thurston County, the 
amount of recharge to the aquifer is estimated to range from 15 (low permeability 
material) to 28 (high permeability material) inches per year (USGS 1998).  The 
recharge chart developed for Thurston County is based on the results of a U.S. EPA 
runoff-rainfall model. In addition, the chart also shows recharge estimates based on 
precipitation-recharge estimates for King County, Washington.  The results of the two 
methods are similar.  
 
Locally, the aquifer is mapped to discharge to the Newaukum River (Ecology 2005).  
However, it is also recognized that the river may have losing reaches or be losing 
during low precipitation periods (Ecology 2005). 
 
Some data are available on the interaction between the Berwick Creek surface water 
and adjacent groundwater Farallon (2003) .  Water levels at Berwick Creek and 
adjacent well locations are presented in Appendix A-5. As shown in the appendix, 
water is measured to be lost from the creek at locations SW-5 through SW-9.  These 
locations are within approximately 1,300 feet from the HRIA.  One location, SW-10, 
suggests water being gained by the stream from the aquifer in November 2003.  SW-
10 is located approximately 2,300 feet downgradient from the HRIA.    
 
No other significant discharge points (e.g., production wells) are known to be 
operating in the vicinity of the Site.  The seven private wells downgradient of the Site 
are not considered significant discharge points since the withdrawal of groundwater 
at the home wells is minimal compared to the amount of groundwater flowing in the 
aquifer.  Using an estimated average flow of 300 g/d for each home, the seven wells 
withdraw groundwater at a rate of 2,100 g/d, or 1.5 g/m.  In the area of the homes, 
the rate of groundwater flowing through the aquifer is estimated to be approximately 
200 g/m under ambient conditions.  The rate is estimated using specific discharge in 
the aquifer between the Newaukum River and the Dillenbaugh-Berwick Creek 
confluence.  Since the estimated groundwater withdrawal rate is less than one percent 
of the flow within the aquifer, the wells are considered to be insignificant to the 
movement of groundwater and contaminants.  
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2.4 Groundwater Flow Directions 
Groundwater elevation contours for November 21, 2002 are shown in Appendix A-6. 
The pattern of groundwater elevation contours based on this data set is similar to 
other data sets (URS 2004).  Groundwater levels in the monitoring wells fluctuate an 
average of 3 to 5 feet per year between the high groundwater levels recorded in the 
winter and spring, and the low groundwater levels observed in the summer and fall 
months (Farallon 2003).  Groundwater levels from September 5, 2002 were 
approximately 1.5 feet lower than the November levels. The groundwater gradient 
and direction of flow in September and November 2002 (Farallon 2003) was consistent 
with other groundwater level monitoring events conducted at the Site during 
previous investigations by Ecology (1999) and EPA (E&E, 2001, 2002). 

The equipotential surface presented in the appendix shows a local groundwater flow 
direction to the southwest beneath the apparent NAPL zone and a flow direction due 
west beneath the northwestern hotspot.  The southwesterly groundwater flow 
direction beneath the apparent NAPL zone becomes more westerly downgradient of 
the NAPL zone, and the groundwater flow direction appears westerly downgradient 
of the United Rentals building.  The flow direction becomes northwesterly farther 
downgradient.  At a distance from the Site, water level measurements are limited and 
the direction of flow into or from the creeks and the river was not measured.  

 
The overall groundwater gradient beneath the NAPL zone, calculated based on the 
groundwater elevations collected at MW-9 and MWR-11 on November 26, 2003, is 
0.0063 ft/ft.  A localized steeper gradient is apparent immediately downgradient of 
Hamilton Road.  The gradient in this area is approximately 0.016 ft/ft, which is 
approximately twice as steep as the overall gradient throughout the source area.  At 
greater distances downgradient of the Site, groundwater flow direction is primarily to 
the northwest and gradients are approximately 0.003 ft/ft (URS 2004). 
 
Monitoring well pairs MW-17/MW-18, MW-20/MW-21, and MW-22/MW-23 had no 
significant vertical gradient when measured within the shallow aquifer (Farallon 
2003).   Therefore, the vertical gradients are considered to be insignificant to the 
movement of groundwater and contaminants. 

 
2.5 Site Contamination 
The source contaminant at the Site is PCE, and no evidence has been found to indicate 
the PCE being mixed with any other contaminant.  Some breakdown compounds of 
PCE are present, including trichloroethene (TCE) and 1,2-dichloroethene (1,2-DCE), 
but at much lower concentrations than PCE and with a much lower frequency of 
detection.  PCE has contaminated the silt cap above the shallow aquifer in the bed and 
banks of Berwick Creek near the HRIA and has contaminated the groundwater of the 
shallow aquifer.  Dissolved PCE (but not PCE NAPL) has reached the aquitard at the 
base of the shallow aquifer and has contaminated the upper 1 to 2 feet of the aquitard 
at relatively low concentrations (URS 2004). 
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Dissolved PCE has migrated a substantial distance downgradient of the HRIA source 
area and has commingled with PCE plumes from other areas at the Site.  PW 3 was 
identified to be contaminated in 1993 and is located approximately 400 feet from the 
release location in Berwick Creek along a groundwater flow line. The latest possible 
PCE release time has been estimated to be 1990 (URS 2004).  Contaminant 
concentrations at PW 3 have continued to increase since sampling in 1993, indicating 
that contaminant concentrations have not reached a dynamic equilibrium between 
dissolution from NAPL and attenuation downgradient (URS 2004). 

PCE concentrations greater than 1,000 ug/L have not been detected southwest of the 
United Rentals building in the southern portion of the HRIA study area (i.e., from the 
southwestern hotspot).  PCE concentrations less than 1,000 ug/L have been detected 
substantially farther downgradient of this area. These detections may record PCE 
plumes from other sources commingled with the other  plume originating at the 
HRIA.  Dissolved PCE in groundwater appears to have migrated west of the 
northwestern hotspot at concentrations in the range of 1,000 to 1,200 ug/L, based on 
recent data from the site-wide sampling program. 
 
PCE concentrations in groundwater from the sampling event of November 2003 were 
contoured to estimate the plume distribution across the Site.  This date was chosen 
since it appeared to be the most extensive sampling data set.  The plume is shown in 
Figure 2-2.  Also, cross sections that were prepared for the EE/CA show the depth of 
the PCE plume and are presented in Appendix A-7. PCE concentrations are also 
shown for the Breen property in Appendix A-2. 
 

2.6 Aquifer Transport Properties 
PCE is adsorbed on sites within the aquifer matrix, limiting their mobility in 
groundwater.  This adsorption may occur on sites such as natural organic carbon 
coatings on aquifer materials, but may also occur to a lesser degree on inorganic 
surfaces such as clay or iron minerals.  The chemical characteristic that defines the 
degree to which the chemical are adsorbed is the organic carbon partitioning 
coefficient (Koc), which is reported in numerous sources for the chemicals of interest.  
This coefficient defines the degree to which a chemical will partition onto the solid 
phase adsorption sites.  At concentrations observed at the site, this process is assumed 
to be linear, instantaneous and reversible.  A bulk measure of the adsorption capacity 
of the aquifer material may be estimated using the Koc and the organic carbon 
concentration in the soil.  This term is described as the soil – water partitioning 
coefficient (Kd).  Kd may be estimated by multiplying the fraction of organic carbon 
present in the soil by the Koc value for the chemical of interest. 
 
Once Kd has been estimated for the chemicals of interest and the aquifer material at 
the site, the velocity of the contaminants may be estimated.  These equilibrium 
sorption processes have the effect of slowing movement of contaminants relative to 
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the groundwater velocity.  The ratio of the velocity of the groundwater to that of the 
contaminant front is referred to as the retardation factor, R.  A value of 1 for R 
indicates that the contaminant moves at the same velocity as groundwater.  The R 
value can be estimated from the following equation: 

 

 

 

Where: 

 R – Ratio of average groundwater velocity to average contaminant velocity 

 Kd – soil water partitioning coefficient 

 Density – dry bulk density of aquifer soil 

 Total Porosity – total porosity of aquifer material 

The organic carbon content, bulk density and total porosity of the silt cap and the 
aquifer has been estimated from samples collected at several borings advanced in the 
HRIA (URS 2004).  The values are presented in Appendix A-4.  

The total porosities for the silt and the aquifer material are assumed to be 20% and 
36%, respectively. The total porosity of the silt may be higher than 20%. As shown in 
Appendix A.4, the maximum measured value was 42.3%. However, transport results 
due to the difference of 20% compared to 42.3% are negligible, since the silt is 
predominantly unsaturated and groundwater concentrations of interest are located in 
the aquifer.  

This data indicate that averages for the total organic carbon concentrations, porosity 
and bulk density of the silt cap are 5180 mg/kg, 20 % and 1.51 gm/ml, respectively.  
The Koc value for PCE, reported on an EPA website is 238 ml/gm.  Using these 
values, the retardation factor for PCE in the silt cap is estimated to be 10.3.  The data 
indicate that the averages for the total organic carbon concentrations, porosity and 
bulk density in the aquifer are 350 mg/kg, 36% and 1.62 g/ml, respectively  Using 
these values, the retardation factor for PCE in the aquifer is estimated to be 1.4.  This 
low capacity for adsorption of PCE on the aquifer matrix will result in rapid flushing 
of the aquifer, once the source of additional mass contribution from the silt cap is 
eliminated. 

PCE may readily degrade under the proper biogeochemical conditions in aquifers to 
create the principal degradation products TCE, cis-1,2-DCE, and vinyl chloride.  
Degradation of PCE to the daughter products requires the presence of reducing 
conditions in groundwater.  However, since negligible PCE daughter product 
concentrations have been reported at wells at the HRIA, biodegradation is assumed to 

ityTotalPoros
DensityKdR ∗+=1
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not be an active fate process.  For example, the PCE concentration at MW-601 was 
detected at 83,500 ug/l and the detected TCE and DCE concentrations are 96J and 500 
UJ ug/l, respectively (URS 2004). Historical documentation suggests some minimal 
biodegradation is occurring by the presence of the daughter products TCE and cis-1,2-
DCE in some groundwater samples (URS 2004). However the overall geochemistry of 
the aquifer is unfavorable for biodegradation (URS 2004). 
 
Lastly, the effect of dispersion spreads contaminant mass beyond the region it would 
normally occupy due to advection alone. Dispersion occurs in three directions 
(longitudinal, transverse and vertical). Longitudinal dispersivity is the largest and 
transverse and vertical are commonly considered to be one and two orders of 
magnitude lower, respectively.  Longitudinal dispesivity is defined as  
 
 Dispersivity = 0.83 (log (plume length)) 2.414   
 
where length is in meters (Xu and Eckstein 1995). 
 
Therefore, using a plume length of 5, 400 ft (1,646 m), longitudinal dispersivity is 45.7 
ft.  Transverse and vertical dispesivity is suggested to be 4.6 and 0.5 ft, respectively.  
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Section 3 
Numerical Groundwater Model 
 
   
The numerical model was developed from information and data used to construct the 
conceptual model.  The six main components of developing a numerical model are:  
developing a conceptual model and parameter estimates (Section 2), choosing a model 
code, defining a model grid, assigning boundary conditions, performing a model 
calibration, and conducting a sensitivity analysis to confirm the final model 
parameters. 

3.1 Model Code 
The flow code MODFLOW-96 (McDonald and Harbaugh 1989) and the solute 
transport program MT3DMS (Zheng and Wang 1998) were used to perform the 
modeling activity.  The groundwater modeling package Groundwater Vistas, Version 
4.18, (Environmental Simulations, Inc. 2004) was used as the graphical user interface 
to pre- and post-process the model files produced by MODFLOW and MT3DMS.  
Groundwater Vistas was chosen since it has the capabilities to simulate three-
dimensional flow in layered units as found at the Site, and the proposed site remedies 
may be incorporated into the model. 

3.2 Model Area and Grid 
The numerical groundwater model domain represents approximately 12 square miles 
located in Lewis County, Washington.  The model extends vertically from 300 to 150 ft 
NGVD (1929).  The grid was rotated 370 to the northwest so that the principal axis was 
parallel to the valley walls.  The lateral extent of the model is congruent to the study 
area, which is shown in Figure 1-1. The lateral extent was chosen so that standard 
hydrogeologic boundaries (e.g., a river) were available to be selected as model 
boundaries and so that the boundaries were located at significant distances so that 
they would not adversely impact water levels at the Site.  The model coordinate 
system is Washington State Plane, NAD 83, South Zone (horizontal). 

The model grid utilizes a non-uniform spacing with a total of 217 rows and 144 
columns.  At the Site, the model grid spacing is a minimum at 10 feet by 10 feet.  The 
maximum grid spacing occurs at the model edges.  The maximum row and column 
spacing is 395 and 350 feet, respectively.   The grid spacing at the Site is shown on 
Figure 3-1. 

3.3 Model Stratigraphy 
The model was divided into three layers to represent the hydrostratigraphic layers 
above the basal silt. 
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Model Layer 1 = Silt cap - silt that contains sand lenses and stringers; in some cases, 
the silt grades to a silty sand or silty gravel at its contact with the underlying sand and 
gravel of the shallow aquifer 

Model Layers 2 and 3= Sand and Gravel aquifer - fine-grained, poorly sorted sand to 
coarse gravel, with cobbles prevalent.  The silt content of the sands and gravels varies 
substantially throughout the shallow aquifer, with some zones classified as silty sands 
and silty gravels and other zones classified as clean sands or gravels 

The aquifer was represented by two layers of equal thickness.  The aquifer unit was 
represented by two layers to allow for refinement.  The two layers do not represent 
two hydrostratigraphic units. 
 
The top of layer 1 was set at 300 feet NGVD, which was estimated to be the highest 
elevation within the model domain.   The bottom elevation of layer 1 was set at 200 ft 
NGVD at MW-602 at the HRIA.  This elevation was the average value for the silt base 
in the source area. A slope of 0.0045 at W320N was applied to the base of layer 1 to 
represent the sloping plane as seen in regional data.  Additionally, at the Dillenbaugh 
Creek and the Berwick Creek, in the area downgradient of the surface water 
measurement locations, the base of layer 2 was set at 170 ft NGVD.  This depth 
allowed for all reaches of the creeks to exist in layer 1.  The layer 2 bottom was set half 
way between the bottoms of layers 1 and 3.  The bottom of layer 3 was at 167 ft NGVD 
at MW-602.  A slope of 0.00076 at W380N was applied to the base of layer 3 to 
represent the sloping plane as seen in regional data.    

Figure 3-2 shows the bottom elevations of layers 1 and 3, respectively.  

3.4 Boundary Conditions 
Boundary conditions are added to a model to account for areas where groundwater 
enters or leaves the system.  The three types of boundary conditions used in 
numerical modeling are specified head, specified flux and mixed boundary 
conditions. Specified flux and mixed boundaries were used in the current modeling 
effort. 
   
The specified flux boundary condition was implemented using recharge (a positive 
flux) and no flow (no flux).  When used, production wells (a negative flux) are also 
considered flux boundary conditions.  Head dependant (or mixed) boundary 
conditions were implemented using river boundaries. 

The Newaukum River, Dillenbaugh Creek and Berwick Creek were simulated with 
the River package of MODFLOW.  The stage elevations of the surface water bodies 
were based on topography from USGS.  However, the stage elevations of the Berwick 
Creek in the reach by the site were based on site measurements made on November 
21, 2002.   

The conductance of a river bed is defined as: 

  C = (KWL)/D 
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Where C is the conductance of the bed; K is the hydraulic conductivity of the bed 
material; W is the width of the bed; L is the length of the surface water body in the 
model cell; and D is the thickness of the bed material.  The value of K used to calculate 
C was 1 ft/day for the two creeks to represent the silty material common to the bed.  
The value of K used to calculate C for the Newaukum River is 10 ft/day for the two 
creeks to represent the silts, sands and gravels reported in the river bed (Ecology 
2005).   

No flow boundary cells were assigned to the model on the west side of the 
Newaukum River, since the river is assumed to be serving as a groundwater divide.  
Data collected in September 2005 indicate that the Newaukum River is gaining 
(Ecology 2005).  Also, groundwater elevation measurements from the Newaukum 
River valley suggest groundwater flows into the river from both sides of the water 
body (Ecology 2005). Therefore, the river was used as a boundary within the model.   
Also, no flow boundaries were assigned to the model in areas to the east to represent 
the relatively low permeable bedrock at the valley wall. 
  
The river and no-flow boundaries for the three model layers are shown in Figure 3-3.  

Recharge was applied to layer 1 at a rate of 15 in/yr.  However, the rate was 
ultimately adjusted to 12 in/yr to reach a more acceptable calibration. 
 
3.5 Flow Model Calibration 
The flow model was calibrated by comparing the computed groundwater levels with 
the levels measured in the field on November 21, 2002.  This data set was selected for 
evaluation because it has the most available points, the best distributed locations, the 
nearest to steady-state condition values, and surface water elevations from Berwick 
Creek. The water levels are presented in Table 3-1.   
  
Figure 3-4 presents a summary of the model calibration results.  The figure shows a 
graph of observed values compared to model values.  If a model is perfectly 
calibrated, the points would lie on a 45 degree line bisecting the graph.  As shown in 
the figure, all points are near the line, which indicates reasonable calibration.  
 
Additionally, the model was considered calibrated when the residual mean and 
residual standard deviation was within five percent and 10 percent, respectively, of 
the observed range in heads and the computed potentiometric surface was equivalent 
to the observed surface.  As shown in the Table 3-1, the residual mean is -0.61 (four 
percent of the range in heads) and the residual standard deviation is less than five 
percent of the range in heads.  Also, the model-estimated potentiometric surface for 
the shallow aquifer is presented in Figure 3-5.  As shown in the figure, the surface is 
similar to the potentiometric surface developed from data collected in the field. The 
final calibrated horizontal hydraulic conductivities are shown in Figure 3-6 and the 
final calibrated model parameters are summarized in Table 3-2. 
 
Computed and measured vertical hydraulic gradients are also commonly matched in 
the calibration process.  However, virtually no vertical gradient was measured nor 
computed.  The data for well clusters MW-17/MW-18, MW-20/MW-21 and MW-
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22/MW-23 in Table 3-1 illustrate the minimal or non-existent vertical gradients 
observed in the field and computed by the model.  Therefore, a rigorous vertical 
gradient evaluation was not part of the calibration process. 
 
The calibration tolerances of residual mean and residual standard deviation were met.  
Also, the estimated horizontal hydraulic gradient is similar to the gradient based on 
field measurements. Therefore, the calibration is considered acceptable for the 
purpose of using the model to estimate groundwater flow and contaminant transport 
for the RI/FS. However, as presented in Table 3-1, 19 of the 23 water level estimates 
are greater than the observed water levels, which suggests a bias in the data.  This 
bias should be evaluated, and addressed, if deemed necessary, if the model is used for 
future site work (e.g., remedial design). 
 
Lastly, Table 3-3 presents a summary of flow rates for the model, model layers and an 
area beneath the HRIA.  The water volumetric budget is important in analyzing the 
modeling results. As shown in the table, the inflow and outflow rates for the entire 
model are equivalent, thus the water budget is balanced.  The budgets for Layers 1 
and 2 indicate that recharge is applied to these two layers.  In the model, Layer 2 
receives recharge where Layer 1 is dry.  The budget for Layer 3 illustrates that water 
is lost and gained at equal rates through the layer’s top.  The equal rates are expected 
since Layer 3 is the bottom layer and water is not lost or gained at the model base.  
Beneath the site, water is lost to the saturated zone from Berwick Creek.  Surface 
water loss is expected in this area where creek water elevations are higher than the 
aquifer groundwater elevations.  Also, in the HRIA area the flow analysis indicates 
water being lost from Layer 1 to the aquifer at a rate of 82 g/m and the rate of 
groundwater flowing beneath the Site is approximately 100 g/m.     
 
3.6 Sensitivity Analysis 
A sensitivity analysis was performed as part of the modeling task.  The analysis 
considered the sensitivity of the model to changes in conductivities of the silt cap and 
shallow aquifer hydraulic, recharge, conductance of creek beds and stage of creek 
beds.  The sensitivity analysis for each parameter except creek stage, was performed 
by multiplying each parameter by a range of factors (0.5, 0.75, 1, 1.5 and 2) and 
maintaining the other parameters constant.  Figure 3-7 compares the parameter 
multipliers to the sum of squared residuals and Figure 3-8 compares the parameter 
changes to the sum of the squared residuals.  Model-sensitive parameters are those 
with large changes along the curve; conversely, a flat curve indicates that the model is 
not sensitive to the parameter. A parameter curve that has a minimum sum of 
squared residuals at a multiplier of 1 indicates that the parameter value is acceptable.  
Since the parameter curves at or near a multiplier of 1 are at a minimum, the model 
parameter values are validated. 
 
As shown in the figures, the most sensitive parameters are the horizontal hydraulic 
conductivity of the aquifer, recharge and the stage of Dillenbaugh Creek east of the 
confluence of the Berwick Creek. 

The sensitivity analysis was performed on the hydrogeologic zones as developed in 
the calibrated model.  The model is based on available data and hydrogeologic 
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interpretation.  The calibrated zones do not represent a unique solution.  If additional 
data are collected or made available the model may be refined to incorporate those 
additional data.  Also, since the study area stratigraphy is complex and the data 
points are limited, then the interpretation of the hydrogeology may differ. 
 
3.7 Contaminant Transport Model Development 
After the flow model was calibrated, a mass transport model was developed.  The 
conceptual model transport parameter values were accordingly added to the 
hydrostratigraphic units of the flow model. A 10 ft x 10 ft contaminant source of 83, 
500 ug/l was added to the center of the HRIA impact area in Layer 2 since this 
concentration is the highest reported in a recent (November 2003) sampling event for 
the source area (URS 2004).  The model parameters are summarized in Table 3-2.  
 
The source area at the HRIA was considered to be the area of interest because the PCE 
concentrations at the HRIA are an order of magnitude greater than the concentrations 
detected near the Breen property.  Additionally, for the HRIA a historical summary is 
available and a significant amount of data has been collected so that information on 
the origin and extent of this source is accessible.  No source was added at the Breen 
property since a definitive source area and concentration have not been identified at 
that location.  Due to the elevated concentrations, the HRIA has been selected as the 
source area of interest and is the focus of remedial action. Therefore, the model 
considered the HRIA as the area of interest for the RI/FS and further investigations. 
 
The model simulation was operated for a time interval of 13 years or from 1990 to 
2003.  The referenced concentrations were detected in samples collected in 2003.  The 
source at the property is speculated to have started in 1990 (URS 2004). Mass was 
considered when developing the transport model.  The contaminant mass within the 
model appears to be within the speculated range of 100 to 700 gallons (URS 2004).  
The cross sectional area (A) of the source that is parallel to the flow velocity in the 
model is 10 ft x 20 ft = 200 ft2.  Also, the following values are from the model 
 
  Kh =  135 ft/d 

 ne = 0.36   
 I=  0.003 

 
Therefore, flux (Q) through the source zone is Kh x I x A = 0.42 gpm = 2, 291 l/d. 
A source concentration of 83,500 ug/l and a flux of 2, 291 l/d translate to a mass flux 
of 1.9 x 108 ug/d or 69.4 kg/yr.  Over a 13 year period, 902 kg of contaminant mass 
would occur in the aquifer.  A mass of 902 kg of PCE is approximately 150 gallons. A 
volume of 150 gallons is within the speculated contaminant mass range of 100 – 700 
gallons.   
Dispersivity (longitudinal, transverse and vertical) was adjusted (increased) until the 
estimated plume configuration best approximated the plume based on measured 
data.  The ultimate dispersivity values were not allowed to exceed twice the estimated 
value of the conceptual model.   
 
If sufficient data were available, point concentrations could be used to calibrate the 
mass transport model. However, no rigorous calibration involving a comparison of 
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point concentrations over time was performed.  This type of calibration was believed 
to be impractical for a number of reasons including the initiation date of the source is 
speculative, the volume of waste is unknown, only one data point (MW-25) defines 
most of the downgradient edge of the plume and another source may be contributing 
to the plume.  Figure 3-9 compares the configuration of the model estimated plume 
and the plume based on field data. 
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Section 4 
Alternative Analysis 
 
    
The numerical model was used to analyze three alternatives for the FS: Hydraulic 
Containment, No Action and Source Removal.  Since hydraulic containment involved 
only implementing the flow model plus the advective travel time code MODPATH, 
that simulation is presented first.  The transport model was used to evaluate the No 
Action and Source Removal alternative, therefore, those two alternatives are 
presented second and third.   
 
4.1 Simulation 1 - Hydraulic Containment 
The first simulation involved simulating the withdrawal of groundwater from eight 
wells at a rate of eight gpm per well as proposed in the EE/CA (URS 2004).  The wells 
were added as analytic elements in the model with fully penetrating screens.  Well 
logs indicate that the screens are exposed to almost the entire thickness of the aquifer. 
 
The estimated capture zone is shown in Figure 4-1.  As shown in the figure, complete 
capture of the area within the treatment zone is achieved with the extraction well 
array and pumping rates.   
 
4.2 Simulation 2 - No Action 
The second simulation involved estimating the transport of the contaminant plume if 
a No Action remedial alternative was implemented.  The same 10 ft x 10 ft source was 
included in the simulation at the HRIA as described for the model development.  No 
source was added at the Breen property since no definitive source concentration or 
location has been reported. Also, the plume configuration as estimated by field data 
from November 2003 was included in the model as initial concentrations. 
 
The initial concentrations are shown in Figure 4-2.  The simulation results are shown 
in a 30-year time sequence in Figures 4-3 through 4-6.  As shown in the figures, the 
model estimates the plume to expand slightly to the north and south and minimal 
transport down the valley (to the west).  The model estimates that the plume will 
migrate to the Dillenbaugh Creek.  If additional data from near the plume extent were 
available to incorporate into the model (e.g., creek and river stage elevations, creek 
and river bed conductivities, aquifer hydraulic conductivity, etc.) that additional data 
may result in a plume that migrates elsewhere.  For example, a lower river stage may 
result in groundwater flowing to the river or higher conductivities may result in 
lower groundwater levels, thus continued migration down the valley.             
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4.3 Simulation 3 - Source Removal 
The last simulation involved removing the source and reducing the concentrations in 
the HRIA treatment zone by 85%.  In this simulation, the source was not included and 
the initial concentrations of the field data plume were reduced in the treatment zone 
by 85%. 
 
The simulation results are shown in a 30-year time sequence in Figures 4-7 through 4-
10.  As shown in the figures, the plume continues to migrate toward Dillenbaugh 
Creek after the source is removed. Five years after the source is removed, PCE 
concentrations at the HRIA treatment zone are estimated to be below 5 ug/l.  After 10 
years elapses, the 5 ug/l tail of the plume has migrated to a point west of Labree 
Road.  After 20 years elapses the plume is on the west side of Dillenbaugh Creek and 
by 30 years, only a small amount of groundwater with PCE concentrations above 5 
ug/l remains. 
 
As noted previously, if additional data from near the plume extent were available to 
incorporate into the model (e.g., creek and river stage elevations, creek and river bed 
conductivities, aquifer hydraulic conductivity, etc.) that additional data may result in 
a plume that migrates elsewhere.  Also, if transport properties at the distal reaches of 
the plume differ from that collected near the site (and used in the model) source the 
plume estimates may be different.  
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Section 5 

Conclusions and Recommendations 
 
    
Based on the findings of the hydrogeological analysis, several conclusions and 
recommendations were developed to assist in evaluating the movement of 
groundwater and the PCE contaminant plume.  A three dimensional flow model 
coupled with an advective pathline code and a contaminant transport code were used 
to estimate responses to three FS alternatives. 

The groundwater model and associated information presented herein are intended for 
use in an RI/FS.  The information can be used in order to gain insight into the 
remedial alternatives and to guide additional data collection and analysis that may be 
performed to support a remedial design. 

The model was prepared using available data. In areas within the model domain 
insufficient data are a potential issue. Additional data that may be collected and 
analyses performed are identified.  Additional data will refine the model and improve 
accuracy and decrease the uncertainty of the groundwater flow and contaminant 
transport estimates.  In areas of sparse data, multiple lithologic scenarios may be 
employed to provide numerical solutions; however, the model represents a single 
scenario.  The effect on simulated capture zones imposed by hydrogeologic 
assumptions necessitated in zones of insufficient data have been quantified by 
performing a sensitivity analysis on the hydraulic parameters of some of the distal 
areas of the model domain.   

5.1 Conclusions 

 
# Only a minimal thickness of the silt cap lies within the saturated zone.  The 

base of the silt cap at the HRIA lies at approximately 200 ft NGVD, and 
groundwater level elevations in this range from approximately 201 to 203 feet 
NGVD.  

 
# The shallow aquifer beneath the study area is heterogeneous.  Horizontal 

hydraulic conductivity estimates range from 8.8 to 139 ft/day.  A value of 135 
ft/day was used to meet model calibration tolerances. 

 
# The most sensitive flow model parameter after recharge and the horizontal 

conductivity of the aquifer was the stage of the Dillenbaugh Creek reach that 
is east of the confluence with Berwick Creek.   
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# Appreciable amounts of hydrogeologic and transport data are available from 
locations near the site properties.  However, at distances from the properties, 
the amount of available data is limited. In these areas of limited data (west of 
Labree Road), approximately 75% (estimated from area of plume) of the PCE 
plume occurs.  

 
# No or negligible biodegradation is occurring since minimal concentrations of 

PCE daughter products are detected in wells with exceedingly high 
concentrations of PCE. 

 
# A well defined source area and related concentrations have not been 

delineated at the Breen property.     
 
# The model estimates that groundwater flow discharges to the Dillenbaugh 

Creek downgradient from the site properties near the current mapped limit 
(based on field data) of the plume.  

 
# Under the No Action Alternative, the groundwater plume is estimated to 

expand slightly at the lateral extents and migrate to the Dillenbaugh Creek 
near the plume’s leading edge.  Under the Source Removal Alternative, PCE 
concentrations in groundwater are expected to drop below 5 ug/l in the 
treatment area within 5 years after the source is removed and treatment area 
concentrations are reduced by 85%. 

  
5.2 Recommendations 
 
# The model shall be used to provide an understanding of groundwater flow 

and contaminant transport for the RI/FS.  The model should be refined with 
additional data (e.g., data that may be collected in a pre-design investigation) 
prior to being used for other project activities (e.g., remedial design).   

 
# A source should be investigated and delineated for the Breen property. 
 
# Additional data should be collected in areas west of Labree Road. These data 

include, but are not limited to, surface water elevations, groundwater 
elevations, conductivity of surface water body beds and aquifer hydrogeologic 
conductivity.  Additionally, surface water elevations and bed conductivity 
measurements should be collected on Dillenbaugh Creek that is east of the 
confluence with Berwick Creek. 
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Source Removal – 5 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-8

Estimated PCE Plume
Source Removal – 10 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-9

Estimated PCE Plume
Source Removal – 20 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington



A
Figure 4-10

Estimated PCE Plume
Source Removal – 30 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington



Table 3-1 Calibration Results
Well ID E N Layer Observed ComputedWeight Residual
MW-1 1029437 480422 3 197.88 198.40 1 -0.52
MW-2 1029121 480103 3 196.91 197.70 1 -0.79
MW-3 1029678 479641 3 199.25 200.51 1 -1.26
MW-4 1029116 479577 3 197.25 198.45 1 -1.20
MW-5 1029765 479879 3 199.75 200.58 1 -0.83
MW-6 1029417 479947 3 197.84 199.14 1 -1.30
MW-7 1029121 480351 3 196.35 197.25 1 -0.90
MW-8 1029055 479933 3 196.8 197.72 1 -0.92
MW-9 1030186 479555 3 202.24 202.41 1 -0.17
MW-10 1030285 479425 2 202.3 202.84 1 -0.54
MW-11 1030229 479815 3 202.83 202.18 1 0.65
MW-14 1030432 479547 3 203.19 203.08 1 0.11
MW-17 1029088 480272 3 196.49 197.27 1 -0.78
MW-18 1029087 480265 3 196.38 197.27 1 -0.89
MW-19 1028934 480162 3 195.75 196.83 1 -1.08
MW-20 1028929 479938 3 196.14 197.21 1 -1.07
MW-21 1028930 479931 3 196.15 197.22 1 -1.07
MW-22 1029354 479784 3 197.94 199.12 1 -1.18
MW-23 1029355 479777 3 197.98 199.13 1 -1.15
MW-24 1029346 479605 3 198.18 199.30 1 -1.12
MW-25 1026991 481544 3 188.03 186.01 1 2.02
PW-7 1028717 479797 2 195.24 196.59 0.1 -0.13
PW-21 1027000 479741 2 191.52 191.02 0.1 0.05

Residual Mean -0.61
Res. Std. Dev. 0.75
Sum of Squares 21.64
Abs. Res. Mean 0.86
Min. Residual -1.30
Max. Residual 2.02
Range 15.16
Std/Range 0.05

Water Levels collected November 21, 2002 (Farallon 2003)



Table 3-2 Calibrated Model Parameters
Kxy Kz ne n Kd rb aL aT aV

(ft/d) (ft/d) % % ml/g g/ml ft ft ft
Silt Cap 25 3 20 20 1.2 1.51 1 0.1 0.01
Aquifer 135 14 36 36 0.083 1.62 90 9 0.9

Kxy = horizontal hydraullic conductivity
Kz = vertical hydraulic conductivity
ne = effective porosity
n = total porosity
Kd = soil/water partition coefficient
rb = bulk density
aL = longitudinal dispersivity
aT = tranverse dispersivity
aV = vertical dispersivity



Table 3-3 Groundwater Flow Summary
Area of Interest Inflow Outflow

Entire Model
Surface Water Bodies 528 3040

Recharge 2512 0
Layer 1

Bottom 2438 1048
Surface Water Bodies 127 2839

Recharge 1322 0
Layer 2

Top 1048 2438
Bottom 1672 1672

Surface Water Bodies 402 202
Recharge 1189 0

Layer 3
Top 1672 1672

Site-specific Zone
Flow from Berwick Creek Reach into Layer 1 38 N/A

Flow from Layer 1 into Layer 2/3 82 N/A
Flow from Layer 2/3 into Layer 1 3.5 N/A

Flow beneath site in aquifer to downgradient
areas 99 N/A

1. Flows are in gpm
2. The site-specific zone is defined by an area that extends from near MW-10 
north 540 feet to the bend in the Berwick Creek.  The area starts at Berwick Creek
(inclusive) and extends 330 feet to the west.
3. N/A- not applicable, item does not refer to outflow
4. Layer 1 is the silt cap and Layers 2/3 represent the aquifer



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-1 
Site Well Locations 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-2 
Breen Property Stratigraphy 















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-3 
HRIA Stratigraphy 

MW-600 to MW-608 Lithologic Logs 







































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-4 
Soil Physical Properties 
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Results And Summary of Soil Physical Properties Analyses 
 

Density (g/cc) Porosity (%Vb) 
Pore Fluid 

Saturations (% Pv) 
Location 

ID 
Depth  
(ft bgs) 

Moisture 
Content 
(% wt) Bulk  Grain Total 

Air 
Filled Effective Water NAPL 

Total 
Organic 
Carbon
(mg/kg) 

Effective 
Permeability

to Water 
(millidarcy)

Effective 
Hydraulic 

(cm/s) 
Mean Grain 

Size Description
602 5.0 24.7 1.45 2.60 44.3 8.5 7.5  80.9 ND<0.1 15,800 0.296 2.82E-07 Silt 
603 5.5 21.2 1.47 2.64 44.4 13.3 13.9  70.0 ND<0.1 2,950 0.925 8.81E-07 Medium sand 
601 5.5 20.5 1.61 2.61 38.4 5.1 8.7  86.6 0.1 1,400 0.141 1.34E-07 Silt 
602 13.0 22.2 1.53 2.64 41.9 8.0 12.9  81.0 ND<0.1 11,000 1.28 1.21E-06 Silt 
605 13.0 18.1 1.64 2.70 39.4 9.4 17.4  76.1 ND<0.1 <100 38.1 3.62E-05 Gravel 
602 15.5 19.9 1.57 2.68 41.6 10.5 19.1  74.9 ND<0.1 3,400 3.29 3.14E-06 Coarse sand 
652 16.0 14.6 1.75 2.71 35.2 9.1 15.6  74.1 ND<0.1 2,350 9.81 9.31E-06 Gravel 
601 16 16.8 1.76 2.70 35.1 5.6 17.6  84.2 ND<0.1 690 15.9 1.51E-05 Gravel 
604 16.1 11.6 1.75 2.71 35.6 14.3 22.1  59.9 ND<0.1 <100 127 1.21E-04 Gravel 
606 16.1 17.8 1.74 2.71 35.7 4.6 20.1  86.4 0.8 420 58.3 5.62E-05 Gravel 
603 25.7 10.5 1.46 2.68 45.6 30.0 30.1  34.2 ND<0.1 <100 238 2.25E-04 Medium sand 
601 28.5 22.8 1.42 2.67 46.9 14.4 36.0  66.7 2.5 380 0.476 4.58E-07 Medium sand 
605 29.0 14.3 1.73 2.72 36.3 11.3 17.6  69.0 ND<0.1 600 22.1 2.09E-05 Coarse sand 
600 29.1 31.6 1.27 2.64 51.8 11.6 33.7  77.6 ND<0.1 280 182 1.77E-04 Fine sand 
602 30.5 24.5 1.44 2.66 46.0 10.7 23.5  76.3 0.5 <100 50.1 4.81E-05 Fine sand 
605 37.5 17.2 1.63 2.68 39.1 10.7 14.0  72.0 0.7 760 3.92 3.73E-06 Coarse sand 
603 38.0 13.3 1.71 2.73 37.2 14.1 23.0  62.1 ND<0.1 280 646 6.13E-04 Medium sand 
652 38.0 14.0 1.66 2.69 38.5 14.9 16.3  61.3 ND<0.1 2,200 117 1.11E-04 Gravel 
606 42.6 11.0 1.79 2.63 32.1 12.4 21.0  61.5 ND<0.1 560 32.7 3.12E-05 Gravel 
601 43.5 17.5 1.79 2.69 33.3 1.7 11.2  95.0 ND<0.1 180 471 4.54E-04 Medium sand 
603 47.0 41.9 1.12 2.62 57.3 8.2 16.5  85.7 ND<0.1 4,650 0.599 5.66E-07 Silt 
601 47 31.9 1.33 2.68 50.5 8.3 7.1  83.6 ND<0.1 4,300 1.15 1.11E-06 Silt 
652 47.5 30.5 1.19 2.61 54.4 17.8 16.7  66.8 0.6 4,750 0.152 1.45E-07 Silt 
602 48.5 35.9 1.23 2.60 52.5 8.3 6.6  84.2 ND<0.1 2,400 0.322 3.08E-07 Silt 
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Density (g/cc) Porosity (%Vb) 
Pore Fluid 

Saturations (% Pv) 
Location 

ID 
Depth  
(ft bgs) 

Moisture 
Content 
(% wt) Bulk  Grain Total 

Air 
Filled Effective Water NAPL 

Total 
Organic 
Carbon
(mg/kg) 

Effective 
Permeability

to Water 
(millidarcy)

Effective 
Hydraulic 

(cm/s) 
Mean Grain 

Size Description
606 48.6 30.9 1.40 2.60 46.2 2.9 14.0  93.6 ND<0.1 1,700 1.44 1.40E-06 Silt 
605 49.5 29.2 1.38 2.60 47.1 6.4 14.8  86.4 ND<0.1 1,100 0.511 4.83E-07 Silt 
Mean value 0-13 ft 22.1 1.5 2.6 42.3 8.7 10.74 79.6 0.1 7,790 0.700 6.3E-07 Silt cap 

Mean value 13-31 ft 18.4 1.6 2.7 40.8 11.9 22.99 70.8 1.3 756 67.7 6.5E-05 Sand/gravel 
aquifer 

Mean value 31-40 ft 14.8 1.7 2.7 38.2 13.2 17.08 65.2 0.7 1,080 256 2.4E-04 Sand/gravel 
aquifer 

Mean value 40-45 ft 14.3 1.8 2.7 32.7 7.0 16.09 78.2 ND<0.1 370 252 2.4E-04 Sand/gravel 
aquifer 

Mean value 45-50 ft 33.4 1.3 2.6 51.3 8.6 12.62 83.4 0.6 3,150 0.700 6.7E-07 Silt aquitard 
Overall mean: 1.20E-04 

Overall max: 6.13E-04 
Overall min: 4.58E-07 

Sand/gravel 
aquifer 
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Notes: 
Maximum NAPL saturation = 2.5%. 
Minimum measurable NAPL saturation = 0.1%. 
Overall mean NAPL saturation = 0.9%. 
cm/s – centimeter per second 
ft bgs – feet below ground surface at sampling location 
g/cc – gram per cubic centimeter 
max – maximum 
mg/kg – milligram per kilogram 
min – minimum 
NAPL – nonaqueous-phase liquid 
ND< – not detected at a concentration greater than that shown 
% wt – percent by weight 
% Vb –  percent of bulk volume 
% Pv – percent of pore volume 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-5 
Berwick Creek Water Levels 



Surface Water 
Monitoring 

Station

Date 
Monitored

Stream 
Gauge 

Elevation 
(feet)1

Stream 
Height 
(feet)2

Surface Water 
Elevation 

(feet)

Estimated 
Groundwater 

Elevation3

Elevation Head 
Difference 

(feet)4
Flow Rate 

(cfm)
Flow Rate 

(gpm)

Channel 
Depth 
(feet)5

9/5/02 209.08 4.32 204.76 201.00 -3.76 0.0 0 2.46
11/21/02 209.08 4.50 204.58 202.20 -2.38 1.2 <50 2.22

9/5/02 209.88 5.13 204.75 201.11 -3.64 0.0 0 2.40
11/21/02 209.88 5.19 204.69 202.30 -2.39 0.6-4.2 <50 2.60

9/5/02 208.77 3.98 204.79 200.90 -3.89 6.0 <50 4.11
11/21/02 208.77 4.18 204.59 202.18 -2.41 0.0 0 3.91

9/5/02 205.00 6.18 198.82 196.42 -2.40 65.0 500 0.37
11/22/02 205.00 5.88 199.12 198.00 -1.12 190.0 1,400 0.91

9/5/02 204.49 7.46 197.03 195.00 -2.03 116.0 870 0.43
11/22/02 204.49 7.16 197.33 196.00 -1.33 170.0 1,250 0.70

9/5/02 196.14 4.13 192.01 192.00 -0.01 0.0 0 2.09
11/21/02 196.14 4.04 192.10 193.00 0.90 6.0 <50 2.20

NOTE:
1 Surveyed elevation of top of stream gauge to vertical datum NGVD 29, in feet above mean sea level. cfm = cubic feet per minute
2Height measured in feet from top of stream gauge to water surface. gpm = gallons per minute
3Groundwater elevation estimated from corresponding well or groundwater contour.
4A head difference is calculated by subtracting the groundwater elevation from the surface water elevation.  A negative value indicates potential for surface water discharge to groundwater. 
 Positive value indicates potential for groundwater discharge to surface water
5Channel depth in feet, measured in center of channel from water surface to bottom of channel.

Chehalis, Washington
Farallon PN: 734-001

Table 3-6
Surface Water Elevation and Stream Gauging Summary for Berwick Creek - September and November 2002

RI/FS Work Plan
Hamilton Labree Roads Groundwater Contamination Superfund Site

SW-9

SW-10

SW-5

SW-6

SW-7

SW-8

Projects\734001 Breen Hamilton-Labree\Reports\RIFS Final\Final  Work Plan\Final WorkPlan Tables\734001 RIFS Wrk Pln Tbl 2-1 to 3-8.xls\Tbl 3-6

1 of 1
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Appendix A-6 
Potentiometric Surface Map 

Breen Property 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-7 
PCE Concentration Cross Sections 

 
 
 

 








