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1.0    INTRODUCTION 
 
This document presents the results of the Groundwater Sampling and Analysis, 2nd Quarter 2009 as part 
of Remedial Action Unit 2C (RAU 2C) at the former Camp Bonneville Military Reservation (CBMR) in 
Clark County, Washington (Figures 1.1 and 1.2).  This report has been prepared for and is submitted by 
the Bonneville Conservation Restoration and Renewal Team, LLC (BCRRT), the current owner of the 
CBMR.  The report is based on previously approved Draft Supplemental Groundwater Remedial 
Investigation Work Plan (GWP; BCRRT 2006, revised 2007), previous remedial investigations, 
previously submitted groundwater monitoring reports for Landfill 4/ Demolition Area 1 (LF4/DA1) and 
Site-Wide Groundwater Sentinel wells, and direction given by Washington Department of Ecology 
(Ecology).  This submittal is part of an ongoing dialogue between the Ecology and the BCRRT regarding 
the applicable requirements of the Prospective Purchaser Consent Decree (PPCD; Ecology, 2006) as it 
relates to the RAU 2C, which addresses groundwater quality concerns. 
 
This quarterly report includes: 
 

• Section 1 - Introduction  
• Section 2 – Site Background,  
• Section 3 - Groundwater Sampling,  
• Section 4 - Data management and data quality assessment (DQA),  
• Section 5 - Groundwater monitoring results, 
• Section 6 - Recent trends in groundwater quality, 
• Section 7 - References. 

 
This report is submitted in support of the remedial RI/FS and the specifications of regulations 
promulgated under the Washington State Model Toxics Control Act (MTCA) as set forth in Title 173-340 
of the Washington Administrative Code (WAC) Section 350 – Remedial Investigation and Feasibility 
Study [WAC 173-340-350], the requirements of WAC 173-340-360 concerning the evaluation of cleanup 
action alternatives. 
 
1.1 Purpose and Scope 
 

The purpose of this groundwater monitoring for RAU 2C is to document and present: 
 

• Address groundwater contamination arising from anthropogenic activities and determine the 
nature and extent of groundwater contamination at CBMR; 

 
• Collect sufficient data to meet the Model Toxics Control Act (MTCA) requirements for site 

characterization (WAC 173-340) and other applicable groundwater monitoring guidelines 
published by Ecology (Ecology 1995, 2001, 2004, 2005a, 2005b and Cruz 2005). 

 
• Generate data necessary to evaluate remedy performance; and, 
 
• Provide an early warning should any contamination pose a threat to water supply wells or 

surface waters on or off CBMR.  
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1.2 General Site Information  
 

This section contains the following general facility information: 
 
Project title:    Remedial Investigation/Feasibility Study RI/FS for Site-Wide Groundwater - 

Remedial Action Unit 2C  
 
Project coordinator: Name:    Michael Gage 

   Address:  Bonneville Conservation Restoration and Renewal Team, LLC 
                                                               23201 Northeast Pluss Road 

      Vancouver, WA 98682 
Phone number: (360)566-6990 
 
Facility location: LF4/DA1 is within the boundaries of Camp Bonneville which is located in 
southwestern Washington; approximately 5 miles east of the Vancouver City limits in Clark 
County (see Figure 1.1).    
 
Dimensions of facility:  Camp Bonneville consists of approximately 3,840 acres. The LF4/DA1 
consists of an approximately 1.82 acres located about 1,800 feet north of the Central Valley Floor 
and 2.5 miles northeast of where Lacamas Creek exits Camp Bonneville.  
 
Present owner and operator:  Camp Bonneville are owned and operated by the by BCRRT, LLC. 
 
Chronological listing of past owners and operators and operational history:  Since the early 
1900’s, the Department of the Army has owned and operated the Camp Bonneville site.    In 
October 2006, the Army transferred ownership of the property to the County, which subsequently 
transferred the land to the BCRRT.  BCRRT will hold the deed of the property during 
investigation and clean-up activities at the site. After the property is cleaned to Ecology standards 
the BCCRT will transfer the property back to the County 

 
1.3 Site Location and Current Land Use 
 

The 3,840-acre Camp Bonneville site is located northeast of Vancouver, Washington, in the 
southeastern region of Clark County (Figure 1.1). The property is approximately five miles from 
Vancouver, Washington and approximately seven miles north of the Columbia River.  Camp 
Bonneville is located along the western foothills of the Cascade Mountain Range, with Camp Hill 
and Little Elkhorn Mountain to the northwest, Munsell Hill to the west, and Little Baldy 
Mountain to the south.   

 
Vehicular access to Camp Bonneville is restricted to a single entrance.  The entrance is located on 
SE 232nd Ave. and enters the site from the west at the Camp Killpack cantonment.  The entrance 
is gated and monitored. Most recently, the facility had been used for weekend and summer 
training by the U.S. Army Reserve and Navy Reserve units from Southern Washington and 
Northern Oregon and was a sub-installation of Fort Lewis.  Other Reserve and National Guard 
components, as well as the Federal Bureau of Investigation (FBI) and local law enforcement 
units, have also used the site. Operations at the facility seized in 1995 when CBMR was selected 
for closure under the 1995 Base Realignment and Closure (BRAC) process. From 1995 through 
2008, the FBI and other law enforcement agencies continued to use the firing range known as the 
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FBI Range.  Currently, there is no military or law enforcement use of Camp Bonneville (grants 
for use of the site were cancelled beginning in November 1996). Camp Bonneville is mostly 
undeveloped, forested hillsides and creek side drainages.  Former military barracks and training 
facilities are concentrated at Camp Killpack and Camp Bonneville cantonment areas. Other 
developed areas include firing ranges, a paved two-lane road connecting the main gate with the 
two cantonment areas, and a network of unpaved roads.   

 
Between 1910 and 1995, the Army used Camp Bonneville for live fire of small arms, assault 
weapons, artillery, and field and air defense artillery.  In the early 1950s, the Department of 
Defense arranged to lease an additional 840 acres from the State of Washington to expand 
training possibilities off of the post.    
 
Since the Camp was officially closed, investigations have been conducted by the Army and its 
consultants in order to characterize the nature and extent of contamination at the site and to 
develop a plan for potentially transferring ownership.  Clark County (County) expressed interest 
in the site and began the process for obtaining the property by developing a Reuse Plan.  The 
Reuse Plan developed called for the majority of Camp Bonneville to be transferred to the County 
for the public benefit – education, law enforcement, and parks, with no financial gain to the 
County.  Over the intervening years, several unsuccessful attempts were made to transfer Camp 
Bonneville from the Army to Clark County.   
 
In October 2006, the Army transferred ownership of the property to the County which 
immediately transferred the land to the BCRRT.  BCRRT will hold the deed of the property 
during investigation and clean-up activities at the site. After the property is cleaned to Ecology 
standards, BCCRT will transfer the property back to the County.   The County will then begin 
implementing the Reuse Plan.   
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2.0 SITE BACKGROUND 
 

The overall groundwater evaluations were summarized and discussed the BCRRT, August 2009. Draft 
Remedial Investigation/Feasibility Study (RI/FS) for Site-Wide Groundwater Remedial Action Unit 2C 
(RAU 2C), Camp Bonneville, Vancouver, Washington.  This Groundwater RI/FS presented the 
previously approved remedial investigations, no-further-action determinations, ongoing groundwater 
monitoring, and direction given by Ecology.  The following excerpts are from this document (shown in 
italics) and provide a brief overview the Site-Wide Groundwater Sentinel Wells and Landfill 4 
/Demolition Area 1 portions of CBMR:  
 

“3.4 Sentinel Wells 
 

A series of eight groundwater monitoring wells were installed along the valley floor at the 
western boundary of the CBMR.  Included were: shallow wells (top of the aquifer) LCMW01S, 
LCMW02S, LCMW03S and LCMW04S; and deep wells (bottom of the aquifer) LCMW01D, 
LCMW02D, LCMW03D and LCMW04D (see Figure 3.5).  These Sentinel Wells were constructed 
for the express purpose of determining whether contaminants, regardless of source, were flowing 
off of the CBMR at this location.” 
 
“3.4.2 Groundwater Flow  

 
The shallow sets of Sentinel Wells have exhibited water level measurements that indicate 
a water table measured at these locations that is representative of the water table of the 
valley floor.  The surface of the shallow aquifer is sloped from the south to the bank of 
Lacamas Creek, showing that water recharged on the sides of the basin flows downward 
into the valley where it likely turns and flows westward in parallel with the creek.  Some 
exceptions occurred in 2004 and 2005, when the well nearest Lacamas Creek, LCMW01S 
suggests under certain conditions, Lacamas Creek is a losing stream in this area and is 
recharging local groundwater.  Hence, there is a small mounding affect beneath and 
approximate to the creek that diminishes in a relatively short distance due to the steep 
slope of the terrain.   

 
Depending on the season, groundwater and the Creek maybe contributing to each other 
along the southwestern portion of the CBMR. A comparison of water levels measured in 
the paired shallow Sentinel wells indicates that Lacamas Creek is a losing stream in this 
portion of the creek during limited periods of time.  Groundwater discharges to Lacamas 
Creek at other times such as in December 2003 and 2004 when the deeper well 
(LCMW01D) has a higher water level than the shallow well (LCMW01S).  The further 
monitoring wells are from Lacamas Creek, the more frequently they display downward 
gradients indicative of active recharge zones.  The exceptions occur in wetter months 
(April and December) when some wells display upward gradients indicative of water 
flowing from the basin walls and surging upwards as it approaches the valley floor.  This 
may indicate a finite thickness for water flow that may create surface seeps during wet 
weather.   

 
In summary, groundwater flows from the sides of the basin down into the valley floor just 
as surface runoff would flow.  Using the water level data from the OB/OD Area 3 wells in 
conjunction within the Sentinel Wells it is clear that groundwater flows from the east to 
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the west, draining the sub-surface basin just as Lacamas Creek drains the topographic 
basin.  Moreover, comparison of water levels from all 27 monitoring wells installed at 
CBMR confirm the conceptual model that groundwater flow is analogous to the flow of 
surface water in Lacamas Creek and its tributaries.  Water flows down from the basin 
walls and out the valley, leaving the site at the point where Lacamas Creek crosses the 
site boundary.” 

 
“3.1.2 Data Analysis  

 
Groundwater samples were collected from the Sentinel Wells -- four two-well pairs (for a 
total of eight wells) located near the western boundary of Camp Bonneville where 
Lacamas Creek exits the site to the west (Site-Wide Groundwater Sentinel Wells, labeled 
as LC wells).  Recent sampling results are summarized as follows: 

. 
• With the use of dedicated pumps and low flow purging/sampling techniques (which 

are designed to obtain water samples with lower turbidity), the reported total and 
dissolved metals concentrations have decreased significantly. All of the total and 
dissolved metals detections in groundwater from these wells are were below MTCA 
Method A and B regulatory screening levels with the exception of results for 
beryllium, which have consistently been reported as estimated values (i.e., 
groundwater sample concentrations of beryllium detected above the Method 
Detection Limit (MDL) but below the Minimum Reporting Limit (MRL) of the 
laboratory analytical equipment and whose accuracy is limited). 

 
• Petroleum hydrocarbons have not been detected in any of the Sentinel Wells 

throughout the monitoring period of over seven years except for an isolated detection 
of diesel range petroleum hydrocarbons in LCMW02DW at 0.15 mg/L in January 
2006. 
 

• Perchlorate and explosive constituents have never been detected at any of the 
Sentinel Wells during seven years of groundwater monitoring.  

 
The groundwater samples collected and analyzed to date display no reliable evidence of 
any contaminant in site groundwater being present at or near the site boundary or 
leaving the CBMR.  All explosive compounds and total petroleum hydrocarbons were 
below the limits of detection.   
 
Perchlorate had been detected near or at the MRL of 1 ug/L it an individual well on 
occasion (2004, 2005, 2008 and 2009).  However, these data were found to result from 
laboratory errors (i.e. false positives) based on one or more of the following factors: non-
detectable duplicate sample, rejection by third-party independent validator, laboratory 
process audit, or confirmation sampling.   

 
Naturally occurring levels of inorganic elements were observed in the parts per billion 
ranges in both shallow and deep wells.  The highest observed concentrations are 
generally associated with groundwater samples that had a high level of suspended solids 
in them.  The comparable filtered sample for many of the metals displayed lower 
concentrations, indicating the elevated reading was the result of the acid preservative 
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dissolving materials from the soil particles suspended in the sample.  In any event, none 
of the metal concentrations (total or dissolved) from Sentinel Wells exceeded MTCA 
Method A or Method B criteria.” 

 
“3.4.3 Status Summary 

 
Given the extensive groundwater monitoring that has been conducted at the Sentinel 
Wells (located across the Lacamas Creek valley) and the lack of contaminant findings 
over this extended period of time, Ecology adjusted the groundwater monitoring:  

 
• There are no chemicals of concern in groundwater at the Sentinel wells.  No 

explosive, propellants, petroleum hydrocarbons, metals, SVOCs, or VOCs (except 
common laboratory contaminants) have been detected at levels of concern. .   
 

• Four of the wells are cross-gradient and higher in elevation than the nested wells 
MW01S, MW01D, MW02S, and MW02D.  If any groundwater contaminant plume 
migrates via a cross-gradient pathway (note that none have ever been detected at the 
CBMR boundary or the upgradient area near OB/OD Area 3) any potential 
contamination would be detected in these wells closer to Lacamas Creek rather than 
the nested wells MW03S, MW03D, MW04S and MW04D.  
 

• Chemical analyses for VOCs, SVOCs, petroleum hydrocarbons (gas, diesel and oil 
range), and total/dissolved metals in groundwater samples from the Sentinel wells  
has been stopped as these analytes have never been detected in any of the sampling 
events conducted over more than six years.. 

 
While no constituents of concern have been detected, the Sentinel Wells will continue 
to be monitored per the Long-Term Monitoring Obligations in the PPCD.” 
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“3.2  Landfill 4/Demolition Area 1 
 

Landfill 4/Demolition Area 1 (LF4/DA1) is located about 5,000 feet northeast of the Camp 
Bonneville Cantonment; the landfill underlies Demolition Area 1 (see Figure 1.2).  Vancouver 
Barracks reportedly used the site for the disposal of building demolition debris during the mid-
1960’s.  According to the Environmental Baseline Survey (EBS, Woodward Clyde 1999), the 
former CBMR facility manager reported that firearms and ammunition were also disposed at this 
location.  Identified potential contaminants at the CBMR included building demolition debris, 
explosive and propellant residue, and debris from historic onsite ordnance demolition activities, 
total petroleum hydrocarbons (TPH), semi-volatile organic compounds (SVOCs), volatile organic 
compounds (VOCs), organochlorine insecticides and herbicides, and metals.  According to the 
Supplemental Archive Search Report (SASR, URS 1999), historic activities at CBMR included 
training and disposal of unserviceable ammunition.  In addition, the site had been used by a 
number of groups and agencies, including the Army, Portland Air National Guard (PANG), local 
Fire Departments, and law enforcement for training and disposal operations.  For example, the 
Bureau of Alcohol Tobacco and Firearms brought explosive and firearms to this location for 
disposal by open detonation.” 

 
“3.2.1 Previous Investigations Summary 
 

Site investigations (SI) were conducted to evaluate the potential for contamination 
resulting from past uses of the LF4/DA1.  The investigation was directed primarily at 
evaluating potential environmental impacts from waste disposal within the landfill, but 
also took into account potential impacts from activities related to use of the site as an 
OB/OD ordnance demolition area.  The primary objectives of the investigation were to 
evaluate whether the site poses a potential risk to human health or the environment, and 
to provide recommendations for additional actions (where appropriate), either for site 
remediation or to conduct additional investigations to better evaluate the need for and 
extent of remediation.  The LF4/DA1 SI consisted of UXO avoidance, geophysical 
surveying, surface soil sampling, drilling and subsurface soil sampling, monitoring well 
installation and development, and groundwater sampling (URS 2003). 

 
An area of buried debris disposal was identified to be approximately 120 by 200 feet 
during the geophysical survey.  Other than a ground-penetrating radar (GPR) survey, no 
other types of testing were performed to delineate the actual presence of chemical 
constituents.  The depth of the landfill material could not be determined through the use 
of geophysics; based on GPR profiles, it appeared to extend more than 11 feet bgs.    
During January 1999, groundwater was encountered at a depth of 10.4 feet below 
ground surface in monitoring well L4MW01 (upgradient well) and at 18.8 feet bgs in well 
L4MW02 (downgradient well).  The report suggested that some of the landfill material 
could be in contact with groundwater, at least seasonally (URS 2003). 
 
During the 2003 SI, the only constituents detected in soil (both near-surface and 
subsurface) at concentrations exceeding a MTCA Method B criteria were barium, 
copper, and possibly chromium.  Total chromium was analyzed; however, the lowest 
screening criterion (which was exceeded) is based on chromium+6 (VI).  Elevated 
barium and copper concentrations were detected in both upgradient and downgradient 
soil-boring samples.  Arsenic, beryllium, and nickel were detected in soil samples at 
concentrations above MTCA Method B criteria for groundwater protections but below 
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background levels for Clark County.  Low levels of one or more SVOCs, insecticides and 
herbicides, and VOCs were detected in some samples; however, concentrations of these 
constituents did not exceed the screening criteria, and several were suspected to be 
laboratory contaminants.  Two surface soil samples were collected at RAU 2C, and 15 
deeper soil samples were obtained from five borings drilled outside of the landfill area 
(URS 2003). 

 
Initially, the only constituent detected in groundwater at a concentration exceeding a 
screening level was Royal Demolition Explosive (RDX, aka, cyclotrimethylene-trinitramine 
or hexahydro-1,3,5-trinitro-1,3,5-triazine).  This compound was detected only in the 
presumed downgradient well (L4MW02).  RDX may be associated with surface or near-
surface ordnance demolition activities, rather than with deeper buried building 
demolition debris.  Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) was also 
detected in L4MW02 (A), but at a concentration below the screening criteria.  Low levels 
of three VOCs were detected in one or both wells; however, the concentrations detected 
were below the screening criteria.  Subsequently, groundwater samples from the 
immediate area were found to contain perchlorate.  Additional wells were installed to 
determine both the probable direction in which the extant plume was moving and the 
extent of the plume.  The final two wells were installed in June of 2004 along the inferred 
path of migration.  A total of 11 wells remain for monitoring purposes at LF4/DA1:  
L4MW01A; L4M201B; L4MW02A; L4MW02B; L4MW03A; L4MW03B; L4MW04A; 
L4MW05A; L4MW07B; L4M217; L4MW18.  The A wells are installed and screened in 
the first water bearing strata encountered, while B wells are completed in the weathered 
bedrock.  Wells L4MW17 and L4MW18 are relatively shallow wells completed just into 
the bedrock in a location where the alluvium is but a few feet thick (URS 2003).   

 
Due to its relatively small size, location, explosive material hazards and potential impact 
to groundwater, the Army agreed to excavate and dispose of material in RAU 2C.  In 
June 2004, a source removal action was initiated at LF4/DA1 for which the objective was 
to remove all fill materials and all soil contaminated above action levels.  During the 
removal action, no construction debris was observed.  In addition to materials associated 
with the surface ordnance disposal activities, three pits were discovered that had 
apparently been used for burning fireworks.  Based on site observations, it appears that 
excess fireworks were placed in the pits and soaked with diesel oil prior to ignition.  
Combustion does not appear to have been complete and intact fireworks were recovered 
during the removal action.  The pits were dug well into the heavy clay soil and one pit 
was completed into the saturated zone.  The placement of fireworks in the saturated zone 
explains the observed contamination of groundwater with perchlorates in an environment 
that otherwise would not have significant infiltration. Following completion of the IRA 
excavation in September 2004 (see Figure 3.17), confirmatory samples indicated 
residual impacted soils at >20 feet below ground surface (bgs) for perchlorate, one 
location at > 8 feet bgs for RDX, and one location for HMX at > 5 feet bgs were present 
(see Figure 3.17 and Tetra Tech 2006).  Based upon the final confirmatory samples taken 
in December 2004, Ecology approved the completion of the soil excavation.   
 
The excavation was filled to within three feet of the surface in January 2005 with clean 
and/or screened soils; however, the excavation was not completely filled in and graded 
until June 2005.  Therefore, there was almost a year-long period (June 2004 to June 
2005) when the excavation remained open.  The open pit would have induced increased 
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recharge through the ponding of rainfall, which would have infiltrated into the fill and 
surrounding subsurface soils.  This would have resulted in the mounding of groundwater 
beneath the excavation for one year and in the subsequent mobilization of many dissolved 
constituents that had not been mobile before. 
 
During the Interim Removal Action in 2004/2005, the likely source of contaminants was 
found to be a series of pits dug to the water level for the disposal of fireworks (believed to 
have occurred in the 1991 timeframe).  While most of the perchlorate and RDX source 
material was removed, perchlorate and RDX remain in the subsurface 
 
Changes to the local hydrology occurred during and after the IRA from excavations that 
were 1) advanced into more permeable zones, 2) were left open and/or filled with 
granular material for up to a year before final backfilling and placement of topsoil/cover 
material, and 3) regraded the site which changed the surface runoff/recharge.   

 
BCRRT subsequently conducted three soil borings and collected groundwater samples 
using a Geoprobe® within the perimeter of LF4/DA1 with the highest residual 
perchlorate concentrations in soil according to the Final Interim Removal Action Report 
(Tetra Tech, February 2006) and are discussed below.  The locations for the borings 
were upgradient, east, and southeast of LF4-MW-2B (see Figure 3.8).     

 
In addition to the LF4/DA1 sampling, surface water samples were collected from 
Ecology selected locations in the North Fork of Lacamas Creek where there is a potential 
to receive groundwater from LF4/DA1.  Water samples were collected from the center of 
the water column and along the eastern bank.  Sampling and perchlorate analysis of 
three surface water locations in the North Fork of Lacamas Creek – (1) 
upstream/northwest of MW-4A, (2) directly across/west of  LF4-MW2A&B pair, and (3) 
downstream/south where the creek goes through two 90°bends and the mapped residual 
Troutdale bedrock pinches out (see Figure 3.8).  
 
Soil, groundwater, and surface water samples were collected for laboratory analysis for 
perchlorate and geotechnical/in-situ analysis for hydraulic conductivity (see Appendix 
D): 

 
• Soil samples collected at various depths analyzed for perchlorate contained 

concentrations ranging from non-detect (fill material) to 2,100 ug/kg.  Residual 
perchlorate was detected in the unsaturated soil.  The upper zones of the borings 
indicated sandy silt while the lower zones indicated granular sand with some silt.  
The concentrations of perchlorate were consistent with the IRA confirmation samples 
(Tetra Tech 2006). 
 

• Shallow groundwater perchlorate concentrations were 420 ug/L and 760 ug/L while 
a deeper sample was 350 ug/L.   
 

• Three surface water samples and one field duplicate were collected from Lacamas 
Creek were all non-detectable for perchlorate. 
 

• Three geotechnical samples revealed the following concerning the following about 
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subsurface soils at LF4/DA1 
: 

o 30’ to 36’ is a Silty Sand (SM) with a specific gravity of 2.757, a soil porosity of 
66.0%, and composed of 55.7% sand, 34.1% silt and 10.2% clay,  

o 36’ to 39’ is a Silty Sand (SM) with a specific gravity of 2.756, a soil porosity of 
64.6%, and composed of 60.3% sand, 33.4% silt and 6.3% clay, and  

o 40’ to 41’ is a Sandy Silt (ML) with a specific gravity of 2.769,  a soil porosity of 
65.7%, and composed of 49.8% sand, 38.8% Silt and 11.4% clay. 

 
• Hydraulic conductivity results from geotechnical samples, in-situ aquifer tests, and 

previous aquifer tests performed by others are included as Appendix D.” 
 

“3.2.2 Site Specific Conditions 
 

3.2.2.1 Surface Water Hydrology 
 

The North Fork of Lacamas Creek bounds the LF4/DA1 to the north, west, and 
southwest and flows to the south where it enters the Central Valley and joins with 
the East Fork.  The water quality of Lacamas Creek is monitored indirectly south 
of the LF4/DA in two monitoring wells that straddle the North Fork of Lacamas 
Creek (where it enters the Central Valley) and in the Sentinel Wells located 
where Lacamas Creek exits Camp Bonneville. 
 
According to the March 2000 Final Project Completion Report, Surface Water 
Investigation of Lacamas Creek, Camp Bonneville, Vancouver, Washington, 
(Hart Crowser, 2000), the results of water samples collected from Lacamas 
Creek and North Fork of Lacamas Creek indicated that LF4/DA1 has not 
impacted surface water quality.. 

 
While the LF4/DA1 area is technically within the Streamflow Source Area for the 
Troutdale Sole-Source Aquifer System, it is in that portion of the Streamflow 
Area that contributes via surface water recharge of the Central Valley sediments 
– no groundwater recharge is believed to occur.  The groundwater in the 
LF4/DA1 area does not directly connect to the Central Valley but may discharge 
into the North Fork of Lacamas Creek, where it would undergo significant 
dilution based on the size of the creek’s recharge basin vs the LF4/DA1 recharge 
area.  

 
3.2.2.2 Geology  

 
Figures 2.2 and 3.8 show that the LF4/DA1 site is isolated geologically and is 
surrounded by wide expanses of the impermeable andesite bedrock (Tbem).  
Essentially the LF4/DA1 is located within a geologic “island” comprised of the 
conglomerate (see see Section 2.4.2) members of the Troutdale Formation (Ttfc), 
and there is no connection of the LF4/DA1 to the Troutdale units on the western 
edge of the CBMR. 
 
In three dimensions, the geology of the LF4/DA1 area may be more accurately 
described as a Ttfc “cap” on a hillside otherwise consisting of Tbem.  However, 
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little remains of the original appearance of either rock formation due to extreme 
weathering.  Well logs show that both units exist as sands, silts, and clays to a 
depth of about 70 feet.  The conglomerate member of the Ttfc has been weathered 
to clayey silt and the andesite bedrock to sandy clay (see Section 2.4.2 and well 
logs in Appendix B).   

 
3.2.2.3 Hydrogeology  

 
LF4/DA1 is located in an upland area of Camp Bonneville, north of the Central 
Valley.  Figure 3.8 presents is a geologic map superimposed upon a topographic 
map and shows that there is a remnant valley fill of Ttfc (conglomerate member 
of the Troutdale Formation) beneath the site.  However, this formation extends 
only to a maximum depth of about 15 feet near MW-2B and is not saturated.  
Groundwater occurs only within the saprolitic soil formed from the heavily 
weathered andesitic bedrock of the Elk Mountain basalt (Tbem) 

 
A total of ten monitoring wells were installed around and near LF4/DA1 as part 
of the investigation of RAU 2C –LF4/DA1 (URS, 2003).  Five of the wells (LF-
MW-1A, 2A, 3A, 4A, 5A,) were screened in shallow soils (30 to 45 feet bgs) and 
four wells (LF-MW-1B, 2B, 3B, 7B) were screened in deep soils atop competent 
bedrock (50 to 72 feet bgs). Another shallow well (MW-6A) was installed to 
bedrock on the steep hillside west of the landfill and east of Lacamas Creek, but 
was reported as dry and has not been used. In the most recent sampling event 
(September 2008), the depths to water in the shallow wells ranged from 17 to 31 
feet and those in the deep wells from 14 to 41 feet (see Appendix B).  
 
At the LF4/DA1 site, all of the saturated overburden material encountered was 
saprolite and heavily weathered from the parent material (andesitic basalt with 
zeolite inclusions) into sandy silt or silty sand with white mottling.  This 
overburden material graded into increasingly larger grain sizes with depth until 
competent rock was reached. There were zones of saturated sandy, silty, or 
clayey (angular) gravels atop the competent bedrock. Within the competent 
bedrock, open fractures were noted in the three rock cores (LF-MW-1B, 2B, and 
3B) at LF4/DA1, most of which were reported as being oriented horizontally or 
nearly so (URS, 2003).   
 
Such rock characteristics tend to direct groundwater flow horizontally within the 
overburden and the relatively shallow weathered zones of bedrock until it can 
move upwards in response to a hydraulic discharge point of lower pressure head 
(e.g., a stream).   Therefore, groundwater occurrence in the bedrock is generally 
in the uppermost weathered/fractured zones and especially in the gravelly 
portions atop the competent rock.” 
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“3.2.2.4 Groundwater Flow 

 
Groundwater elevation data from a typical sampling event (September 2008, see 
Appendix B) were mapped for groundwater flow direction analysis in the 
following figures.  Figure 3.9 is typical of the historical groundwater flow 
pattern in the shallow zone and it indicates that shallow groundwater flows west 
from LF-MW-1A until a groundwater divide is reached, where the flow separates 
toward either north (toward LF-MW-4A) or south (toward LF-MW-3A and 5A).  
Figure 3.10 is typical of the deeper zone and indicates that the deeper 
groundwater flows west from MW-1B in a semi-radial fashion toward the North 
Fork of Lacamas Creek, which is consistent with the surface topography.  
Therefore, groundwater from the LF4/DA1 site is expected to discharge to the 
North Fork of Lacamas Creek within 300 feet west and/or 250 feet southwest of 
the LF4/DA1 site.” 
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Figure 3.9 – Typical shallow groundwater elevation contours.  

 
Figure 3.10– Typical deep groundwater elevation contours.  
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Two hydrogeologic cross-sections were also constructed using the same data set.  Figure 
3.11 is a south-to-north cross-section from LF-MW-5A to 4A showing the groundwater 
divide in more detail, including the vertical dimension.  LF-MW-2B lies just south of the 
groundwater divide. Figure 3.12 shows a west-to-east cross-section from LF-MW-1A to 
2B.  This figure shows the change in the vertical flow component across the site: near 
LF-MW-1B, the flow is mostly horizontal.  Toward the west, the flow becomes 
increasingly vertical.  It appears that increased infiltration through the relatively 
permeable fill in the formerly excavated area is causing this alteration in the vertical 
flow gradients.  Figure 3.12 also may demonstrate why LF-MW-2B groundwater 
contains the highest perchlorate/RDX concentrations: the bedrock surface dips toward 
the west and, as impacted groundwater flows along the top of competent rock, it flows 
near well LF-MW-2B.  
 
Estimates of the hydraulic conductivity of the saturated zones beneath LF4/DA1 had been 
made previously by using slug tests in several wells (URS 2003).  However, the previous 
report questioned some of their own results as not corresponding to the observed 
stratigraphy (i.e., relatively high K values in silts and clays); therefore, the accuracy of 
their slug test data and/or analyses is doubtful. The raw slug test data and the 
corresponding digital AqTeSolv® files for those tests are not currently available for re-
analysis. 
 
A step-drawdown “yield” test had also been performed (URS 2003) in LF-MW-2B, but 
the data were not evaluated for hydraulic conductivity; fortunately, those data were 
available and were re-analyzed.  The pumping rate and drawdown/recovery data were 
input to AqTeSolv® (version 3.5 Professional, Duffield, 2002) and analyzed using the 
Theis method for variable-rate pumping tests in an unconfined aquifer (a modification of 
Theis, 1935).  The drawdown data in the pumping well were assumed to be greater than 
that in the formation due to friction in the well.  The result was a good graphical match 
with the late recovery data, which are not affected by friction losses during the pumping 
phase.  The result was a transmissivity value (T) of 9.0 ft2/d, which, when divided by the 
aquifer saturated thickness (b) of 44 feet, yields a hydraulic conductivity value (K) of 
0.204 ft/d (7.2e-5 cm/sec).   

 
This K value will be used along with other values derived from the Supplemental Data 
Collection slug tests conducted recently to obtain a representative K value for fate 
calculations.  GP-3 was slug-tested three times each at two different depths (29 feet and 
38 feet bgs).  The mean K value for the 29-foot depth interval was 0.37 ft/day and the 
mean K of the 38-foot depth interval was 0.233 ft/day (BCRRT August 2009). 
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Figure 3.11– South-to-North Cross-Section at LF4/DA1 - Perchlorate Concentrations (ug/L) in 

Groundwater and Elevation Contours (Interval = 2 ft.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12 – West-to-East Cross-Section at LF4/DA1 - Perchlorate Concentrations (ug/L) in 
Groundwater and Elevation Contours (Interval = 2 ft.) 
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3.7.3.2 LF4/DA1Wells – Characteristics Derived from Groundwater Trends 
  

The seasonal changes at L4-MW- 2A, 2B, and 3A, mounding at 1A, and the continued presence of 
mobile contaminants all support the observed hydrogeology conditions that the LF4/DA1 is 
acting in a manner analogous to a “bathtub”.  The “bathtub” is where water entering the area 
via infiltration becomes trapped because of the lower permeability “walls” and competent 
bedrock “floor” with no fast way out.  The accumulated water causes mounding which slowly 
seeps out, taking dissolved contaminants with it.   

 
• The observed seasonal variations in the shallow wells reflect dilution rather than 

migration out of the area.  The wet/Winter conditions dilute the LF4/DA1 concentrations 
as fresh water recharges into the area; then as groundwater adsorbs, evaporates, and 
seeps out, the concentrations increase to peak levels during the dry/Summer conditions. 
 

• The recent 4th Quarter 2008 spike in perchlorate concentration at the upgradient L4-
MW-1A is directly attributable to the heavy precipitation event prior to and during the 
sampling event.  The influx of water into the system created a mounding effect that forced 
impacted groundwater upgradient.  The creation of this mounding reflects the inability of 
groundwater to easily migrate out of the local system.  
 

• The generally stable presence of very mobile constituents such as perchlorate, 
chlorinated solvents, and RDX in an environment that experiences significant rainfall, 
lacks an overlying confining layer, and has a long timeline since the placement/release of 
source material all indicate that the local conditions have to be retarding the migration 
of contaminants out of the LF4/DA1 area.  

 
Table 3-2 

Perchlorate and RDX Maximum and Latest Detections by Well 
 

COCs Perchlorate(1) RDX(1) 
Well Maximum  June 

‘09 Maximum June ‘09 

L4MW01A 36 2.9 0.49 0.13 
L4MW01B 1.2 1.1 0.92 ND 
L4MW02A 280 195 40 19 
L4MW02B 530 431 120 84 
L4MW03A 120 83 13 9.4 
L4MW03B 53 42 6.1 4.1 
L4MW04A 40 34 2.8 2.8 
L4MW05A 64 36 5.2 4.1 
L4MW07B 3(2) 2.3 ND ND 
L4MW017 ND ND ND ND 
L4MW018 ND ND ND ND 

(1) Bold values exceeded MTCA Method A or B Cleanup Levels. 
 (2) Resampled value to correct a field cross-contamination result of 20 ppb that has not 
been repeated in the subsequent 8 quarterly sampling events. 
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The Section 4.0 Conceptual Site Model/Risk Assessment concluded that: 
 

“4.3 Summary 
 

In order for there to be a risk, a complete environmental pathway by which chemicals may be 
transported to human or ecological receptors must exist.  The only potentially complete pathways 
for constituents in groundwater moving away fromLF4/DA1 are: 

 
1) Future groundwater receptor, in the event that existing or new on-site wells 

(deep/bedrock wells) are used as a potable water source in the Central Valley. 
 

2) Surface water for human health receptors (recreational users/fishers) via Lacamas 
Creek. 

 
3) Surface water for ecological receptors in Lacamas Creek. 

 
The Section 5.0 Cleanup Standards proposed the following point of compliance and cleanup levels: 
 

“Table 5-2.  Summary of Points of Compliance  
and Applicable Cleanup Levels. 

 

 Landfill 4/Demolition Area 1 Site-Wide 
Groundwater 

Point of 
Compliance: 

LF4MW 1A&B, 
LF4MW 2A&B, 
LF4MW 3A&B, 

LF4MW 4A, 
LF4MW 5A, and 

LF4MW 7B 

Surface 
Water 

Monitoring 
Points 

LF4MW 17 and
LF4MW 18 

LCMW 1A&B, 
LCMW 2A&B, 
LCMW 3A&B, 

and 
LCMW 4A&B 

MTCA 
Cleanup Level: 

Model/Risk Based 
Method C 1 

Modified 
Method B 2 Method B  Method B  

Perchlorate 1,300 ppb 600 ppb 11 ppb 11 ppb 
RDX 95 ppb 59 ppb 0.8 ppb 0.8 ppb 

Notes: 
1 Based upon the Section 3.7.3.5 groundwater modeling and Section 4 risk assessment criteria.  
2 Based upon the lowest cleanup level for Method B human health or ecologic receptors.”  
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3.0 GROUNDWATER SAMPLING  
 

Baker conducted groundwater sampling for the 2nd Quarter 2009 events at 19 existing monitoring wells 
at the Sentinel Wells and LF4/DA1 Wells at CBMR (see Figures 1.2, 3.5 and 3.8).  The sampling event 
was conducted from June 24 to June 29, 2009. All groundwater sampling was conducted in accordance 
with the procedures established in the previously approved Draft Supplemental Ground Water Remedial 
Investigation Work Plan (groundwater workplan/GWP; BCRRT November 2006, revised September 
2007). The procedures detailed in the GWP include sample collection, sample labeling, chain-of-custody, 
field documentation, decontamination, and investigative-derived waste (IDW) handling. All on-site 
activities were performed in accordance with the CBMR Site Health and Safety Plan (HASP; BCRRT 
October 2006, revised August 2007)  

 
Ecology approved modifications to the GWP included: 

 
• Installation of dedicated bladder pumps in each of the wells on March 2008 (per the letter from 

Baker to Ecology, dated February 13, 2008).   
• Reduction in the groundwater monitoring parameters based on historic sampling results 

(approved in a letter by Ecology, dated March 18, 2009): 
 

o VOCs via USEPA Method 8260B (without tentatively identified compounds/TICs) 
o Explosives including picric acid, nitroglycerin and PETN via USEPA Method 8330 
o Perchlorate via USEPA Method 314.1 
o Field Measurements of temperature, specific conductivity, dissolved oxygen, pH, 

oxidation reduction potential and water levels, via calibrated field instruments. 
 
The Sentinel Wells will also be sampled annually for priority pollutant metals, semi-volatile organic 
compounds (SVOCs), polynuclear aromatic compounds (PAHs), and pH.  

 
3.1 Well Purging and Sampling  

 
Groundwater was collected via low-flow/minimal-drawdown well sampling techniques during purging 
and sampling.  All of the wells have dedicated Solinst bladder pumps installed. The pumps are 
constructed with a PVC body and a Teflon bladder that is actuated via a surface controller and air supply 
(compressor) that are transported between the wells.  The low flow purging technique is described in 
detail in the GWP. Low-flow sampling minimizes disturbance to the aquifer and is designed to ensure that 
samples collected from the wells are representative of the aquifer (without undue agitation/sediment).  
 
At the well identified as LF4-MW-17, purging was discontinued when well was pumped dry.  The well 
was allowed to recharge and samples were collected approximately 2-3 hours after purging began. 

 
3.2 Sample Collection 
 
Samples were collected into the laboratory-supplied sample containers directly from the end of the 
dedicated discharge tubing.  Appropriate sample preservative had been supplied in the containers by the 
laboratory. Sample containers for VOCs were filled completely to the top of the container with no 
headspace/bubbles, to prevent sample dilution due to volatilization.  
 
Samples were stored in coolers with ice and maintained in secured field vehicles or field barracks prior to 
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daily shipment to the laboratory.  Samples were maintained at 4°C during all phases of sample storage, 
prior to analytical testing.  
 
Proper Chain-of-Custody (COC) documentation was maintained for all samples from the time of 
collection until the samples were shipped to the laboratory.  COCs accompanied all of the samples and 
contained the following information: project number, sample numbers, number of containers, method(s) 
of preservation of samples, date and time of sample collection, analysis(es) requested, date and time of 
transportation to the laboratory, method of transportation, and any other information pertinent to the 
samples.   
 
Samples were placed in appropriate shipping containers (i.e., coolers) and properly packaged to prevent 
damage to the samples.  All samples were re-counted, the sample container labels checked against the 
field daily logbook and the COCs before each cooler was sealed.  The completed COCs were sealed in 
plastic bags and placed in each cooler.  Samples were picked up daily at the site by the analytical 
laboratory.    

 
3.3 Quality Assurance/Quality Control Samples 
 
As specified in the Ecology approved GWP, field QA/QC samples were collected for the purpose of 
assessing the quality of sampling and accuracy and precision of analyses.  These QA/QC samples were 
submitted blind to the analytical laboratory.  Field duplicate samples were collected at a frequency of 1 
per 10 monitoring well samples. Matrix spike/matrix spike duplicate (MS/MSD) samples were collected 
at a frequency of 1 per 20 monitoring well samples.  Trip blanks were submitted with each cooler that 
contained samples for VOC analysis.  
 
The use of dedicated pumps in all of  the wells eliminated the need for equipment rinsate or field blanks. 
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4.0 DATA MANAGEMENT/ QUALITY ASSESSMENT  
 

All of the analytical data was received from the laboratory in an electronic data deliverable (EDD) format 
for importation into the CBMR databases.  Laboratory and any validator qualifiers are included with the 
data sets.  Complete copies of the laboratory data packages and validation reports are included 
electronically on the attached CD as Appendix A. 

 
All analytical services were performed in accordance with the Ecology approved GWP.  Site QA/QC 
procedures to ensure are fully detailed in the GWP and include: 

  
• Internal and external audits as part of regulatory agencies laboratory monitoring; 
• Following field and laboratory objectives for Precision, Completeness, Representativeness, and 

Comparability,  
• Adhering to Sampling, Custody Procedures, and Final Evidence Files. 
• Use of appropriate Field Instruments and Laboratory Instruments Calibration, Field 

Measurements and Laboratory Analytical Methods, field QA/QC samples, and Field and 
Laboratory Quality Control Checks, 

• Field Performance and System Audits, 
• Use of  Instrument Preventative Maintenance protocols, and  
• Timely Corrective Actions 

 
BCRRT technical staff reviewed the analytical data and support documentation and determined that the 
data was usable.  Trip blank samples submitted were non-detectable for VOCs.  Field duplicate samples 
were within the relative percent differences (RPD) goals established in the GWP. A third party data 
validation was conducted for the explosives parameters analysis, in accordance with the GWP and 
USEPA methods.   
 
The analytical tables include the appropriate State of Washington MTCA levels for comparison with 
regulatory and risk-based criteria.  MTCA Method A and B Cleanup values and applicable, relevant and 
appropriate state and federal groundwater screening values were obtained from the Ecology CLARC 
database (https://fortress.wa.gov/ecy/clarc/Reporting/CLARCReporting.aspx).  MTCA Method B-
Modified and Method C Cleanup values were established in the Draft RI/FS for Site-Wide Groundwater 
(BCRRT August 2009) currently under review by Ecology. 

 
4.1 Field Data Quality Assessment 

 
While there are no specific data quality objectives for the measurement of field parameters (such 
as temperature, pH, ORP, conductivity, dissolved oxygen, and turbidity), stabilization was 
considered reached when three consecutive readings were within ±0.3 for pH, ±1 degrees C for 
temperature, ± 10 percent for specific conductance, ± 10mV for ORP, and ± 0.5 mg/L for DO.  If 
five well volumes were purged from the subject well and stabilization had not been met, sampling 
occurred regardless of field parameter stabilization. 
 

4.2 Quality Control Sample Assessment 
 
Trip blanks accompanied the groundwater samples for VOC analysis that were consolidated daily 
into one cooler and shipped to the laboratory. Trip blanks were shipped on June 24, June 25, June 



 
Bonneville Conservation Restoration and Renewal Team, LLC September 2009 
Draft Groundwater Sampling and Analysis Report                    
2nd Quarter 2009   Page 22  of 37 
 

BCRRTBCRRT

26 and June 29, 2009. All four trip blanks were analyzed for VOCs and none had compounds 
detected above the method detection limit. 
 
One duplicate sample was collected from each of the study areas. The duplicate samples were 
analyzed for the same constituents as the source sample. The RPD was calculated as the 
difference between the values divided by the average of the values. A significant difference 
between duplicate values for a few parameters indicates potential problems with the precision of 
specific analyses. A significant difference for many parameters indicates potential problems with 
the sample-collection procedures. 

Table 4-1 
Duplicate Sample Results and Relative Percent Difference 

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND -- ND ND --
1,1-Dichloroethane ND ND -- ND ND --
1,1-Dichloroethene ND ND -- ND ND --
1,3,5-Trinitrobenzene ND ND -- ND ND --
2,4-Dinitrotoluene ND ND -- ND ND --
2-Nitrotoluene ND ND -- ND ND --
Dichlorodifluoromethane ND ND -- ND ND --
HMX ND ND -- ND 0.029 J --
Perchlorate ND ND -- 41.9 40.5 3.34
RDX ND ND -- 4.1 4.1 0.00
Toluene ND ND -- ND ND --
Trichloroethene ND ND -- ND ND --

ug/L

Relative 
Percent 

Difference

23LCMW0460W
6/24/2009

ug/L ug/L
6/26/2009

23L4MW460W Relative 
Percent 

Difference

23LCMW04SW
6/24/2009

ug/L

23L4MW03BW
6/26/2009

 
The Sentinel well selected for blind field duplicate analysis was LCMW-04S; the field duplicate 
was identified as LCMW-0460.  There were no detections in the sample or the associated field 
duplicate located at the Sentinel Wells at Lacamas Creek; therefore no values were calculated for 
RPDs.  Another blind field duplicate was collected from L4MW-03B; the duplicate was identified 
as L4MW-460B.  Perchlorate was detected at 41.9 and 40.5 ug/L, respectively.  The comparison 
of the perchlorate results indicates a RPD of 3.34% well below the 20% threshold indicated in the 
GWP for an acceptable difference.  RDX was also detected in the LF4 sample and associated 
field duplicate; both results were 4.1 ug/L; there is no difference in the RPDs. 
 

4.3 Laboratory Analysis Chemical Data Quality 
 
The method blanks for the explosives data set was determined to exhibit contamination for the 
constituent 1,3,5-trinitrobenzene.  This contamination resulted in 80% of the samples reporting a 
false positive results for 1,3,5 trinitrobenzene.   Baker decided to have an independent data 
validator review all of the explosives analysis to determine whether there was any data quality 
issues associated with this method blank contamination.  The independent validator determined 
that these results should be reported as a non-detect at the method detection limit; no other 
qualifiers were required by the validator. 
 
During the groundwater sampling event for the 2nd  Quarter 2009, the deviations from standard 
procedures of the GWP included the use of dedicated pumps in each of the wells and elimination 
of equipment rinsate and field blanks.  
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5.0  GROUNDWATER MONITORING RESULTS 
 
Soil boring/well construction logs, historic data results, well numbering, and construction details are 
included in the previous work plans and quarterly sampling reports (see Section 7.0). Water level depths 
and groundwater field parameters for pH, temperature, conductivity, ORP, dissolved oxygen, and 
turbidity for the 2nd Quarter/June 2009 sampling event are shown on Table 5-1: 
 

Table 5-1- Summary of Field Parameters 
Depth to 

Water
Water 

Elevation Temperature Specific 
Conductivity

ft below TOC* Feet msl ˚ C uS/cm
23L4MW01AW 6/29/2009 16.74 514.66 10.18 29
23L4MW01BW 6/29/2009 13.52 516.05 10.34 25
23L4MW02AW 6/29/2009 35.5 484.43 11.17 33
23L4MW02BW 6/29/2009 53.62 464.84 10.85 73
23L4MW03AW 6/26/2009 30.17 484.68 11.7 23
23L4MW03BW 6/26/2009 27.51 483.96 11.32 48
23L4MW04AW 6/29/2009 28.23 483.56 10.19 17
23L4MW05AW 6/26/2009 24.58 485.33 10.64 27
23L4MW07BW 6/26/2009 40.2 440.6 9.94 33
23L4MW17W 6/24/2009 10.88 350.6 11.89 220
23L4MW18W 6/24/2009 11.77 351.07 11.48 121
23LCMW01SW 6/26/2009 5.72 284.435 11.13 85
23LCMW01DW 6/26/2009 6.01 284.242 12.02 88
23LCMW02SW 6/26/2009 6.51 284.676 11.25 86
23LCMW02DW 6/26/2009 6.86 284.731 11.76 91
23LCMW03SW 6/26/2009 5.76 285.15 10.98 85
23LCMW03DW 6/26/2009 5.82 285.16 12.02 93
23LCMW04SW 6/24/2009 5.56 286.067 12.92 9.2
23LCMW04DW 6/24/2009 6.21 285.579 10.89 100

Dissolved 
Oxygen pH

Oxydation 
Reduction 
Potential

Turbidity

mg/l S.U. Millivolts NTU
23L4MW01AW 6/29/2009 5.2 5.09 269.1 0.41
23L4MW01BW 6/29/2009 3.9 5.21 279.3 0.44
23L4MW02AW 6/29/2009 3.1 4.8 337.9 0.22
23L4MW02BW 6/29/2009 0.9 5.69 58.6 0.22
23L4MW03AW 6/26/2009 7.3 5.67 252.1 0.39
23L4MW03BW 6/26/2009 7.49 5.93 237 3.43
23L4MW04AW 6/29/2009 2.8 4.95 297.4 1.21
23L4MW05AW 6/26/2009 7.16 5.57 247.2 0.68
23L4MW07BW 6/26/2009 7.28 5.59 237 0.11
23L4MW17W 6/24/2009 5.62 7.52 84.7 4.01
23L4MW18W 6/24/2009 7.02 6.32 140.2 2.72
23LCMW01SW 6/26/2009 7.78 6.79 158.9 0.28
23LCMW01DW 6/26/2009 7.81 6.87 149.6 0.36
23LCMW02SW 6/26/2009 7.98 7.05 141.5 0.4
23LCMW02DW 6/26/2009 7.92 7 134.6 0.55
23LCMW03SW 6/26/2009 8.21 6.81 121.8 0.42
23LCMW03DW 6/26/2009 8.16 6.87 153.7 0.35
23LCMW04SW 6/24/2009 8.52 6.7 174.5 0.51
23LCMW04DW 6/24/2009 8.47 6.66 90.5 0.64

DateSample ID

Sample ID Date

 
ft below TOC – Feet below top of casing 
ft msl – feet to mean sea level 
°C – degrees Celsius  
uS/cm – microSiemens per centimeter 

mg/L – milligram per liter/part per million 
s.u. – standard unit 
ntu - nephelometric turbidity units 
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5.1 Sentinel Wells 
 
Groundwater samples were collected on June 24th and 25th, 2009 from the Sentinel Wells, which consist 
of four monitoring well pairs located at along the southwestern corner of CBMT where Lacamas Creek 
exits the site (see Figures 1.2 and 3.5).  A field duplicate sample (labeled LCMW460W) was collected 
from Monitoring Well LCMW04S. Extra volume of groundwater was collected from Monitoring Well 
LCMW03B for the purpose of supplying extra water for laboratory MS/MSD samples. Trip blanks 
accompanied all groundwater VOC sample containers.   
 
VOCs, explosive compounds, RDX, HMX, nitroglycerine, PETN, and picric acid were not detected in 
any of the Sentinel Wells groundwater samples; see Table 5-2 below: 
 

Table 5-2 
Summary of Sentinel Well Groundwater Sample Results 

 

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND ND ND
1,1-Dichloroethane ND ND ND ND
1,1-Dichloroethene ND ND ND ND
1,3,5-Trinitrobenzene ND ND ND ND
2,4-Dinitrotoluene ND ND ND ND
2-Nitrotoluene ND ND ND ND
Dichlorodifluoromethane ND ND ND ND
HMX ND ND ND ND
Perchlorate ND ND ND ND
RDX ND ND ND ND
Toluene ND ND ND ND
Trichloroethene ND ND ND ND

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND ND ND
1,1-Dichloroethane ND ND ND ND
1,1-Dichloroethene ND ND ND ND
1,3,5-Trinitrobenzene ND ND ND ND
2,4-Dinitrotoluene ND ND ND ND
2-Nitrotoluene ND ND ND ND
Dichlorodifluoromethane ND ND ND ND
HMX ND ND ND ND
Perchlorate ND ND ND ND
RDX ND ND ND ND
Toluene ND ND ND ND
Trichloroethene ND ND ND ND

23LCMW04SW
6/24/2009

ug/L

23LCMW04DW
6/24/209

ug/L

23LCMW03SW
6/25/2009

ug/L

6/25/2009
ug/L

23LCMW03DW
6/24/2009

ug/L

ug/L

23LCMW01DW
6/25/2009

ug/L

23LCMW02DW
6/25/2009

ug/L

23LCMW01SW 23LCMW02SW
6/25/2009

 
ug/L – microgram per liter/part per billion 
ND – Non-detectable 
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5.2 Landfill 4/Demolition Area 1 
 
Quarterly groundwater samples have been collected from eleven wells associated with LF4/DA1 (see 
Figures 1.2 and 3.8) since 2001, except between April 2002 and December 2003.  Eight of those wells 
surround the former landfill area (LF4-MW01A&B, LF4-MW02A&B, LF4-MW03A&B, LF4-MW04A, 
and LF4-MW05A), with one located down/side gradient to the south (LF4-MW07B) and two wells (LF4-
MW17 and LF4-MW18) located where the North Fork of Lacamas Creek enters the alluvial deposits in 
the valley (part of the Troutdale Sole Source Aquifer).   

 
Naturally occurring levels of inorganic elements (metals) were observed in the parts per billion ranges in 
all of the wells (Ecology 1994).  Historically the highest observed concentrations were generally 
associated with samples that had a high level of suspended solids in them.  The comparable filtered 
sample for many of the metals have displayed lower concentrations, indicating the elevated reading was 
the result of the acid preservative dissolving materials from the soil particles suspended in the sample.  In 
June 2005 the total mercury concentration in well L4MW03A (5.6 ug/L) exceeded the MTCA Method A 
criteria (2 ug/L).  The associated dissolved mercury analysis (0.09 ug/L) was well below MTCA Method 
A criteria.  All previous and subsequent mercury analyses from this well have been at non-detect levels 
(that are below the MTCA criteria).  A significant fraction of the other site-wide wells also had laboratory 
reported mercury detections (all below MTCA criteria) in this single sampling event (LFMW1B, 2A, 2B, 
4B, 4A, 7B, 17 18; MW3S, 3D, 4S, 4D).  This pattern is interpreted to be a laboratory error or laboratory 
equipment contamination. 

 
No other metals (total or dissolved) from RAU 2C have exceeded the MTCA Method A or Method B 
criteria.  Ecology approved the removal of metals from the routine monitoring parameters at LF4/DA1 in 
2006. 
 
Groundwater samples were collected from the LF4/DA1 monitoring wells (see Figures 1.2 and 3.8) on 
June 25th, 26th, and 29th, 2009.  A field duplicate sample (labeled L4MW460W) was collected from 
Monitoring Well L4MW03B. Trip blanks accompanied all groundwater VOC sample containers.   
 
PETN, picric acid, and nitroglycerin, were not detected in any of the groundwater samples from shallow 
or deep monitoring wells. HMX and RDX were not detected in Monitoring Wells L4MW17, L4MW18, 
L4MW01B, and L4MW07B.  HMX and RDX were both detected in monitoring wells L4MW02A, 
L4MW02B, L4MW03A, and L4MW05A.  RDX only was detected in monitoring wells L4MW01A, 
L4MW03B, and L4MW04A.  
 
Perchlorate was detected in groundwater samples from all the LF4/DA1wells except L4MW17 and 
L4MW18.  The concentrations range from 1.1 μg/L at L4MW01B to 431μg/L at L4MW02B. The highest 
levels of HMX, RDX, and perchlorate were found in the groundwater samples from the paired monitoring 
wells MW02A and MW02B. 
 
VOCs detected at well L4MW02B included 1,1-dichloroethane, 1,1-dichloroethene, 1,1,1-trichloroethane, 
2,4-dinitrotoluene, and dichlorodifluoromethane, although below applicable MTCA Method B cleanup 
values. VOCs were not detected in any of the other monitoring wells; see Table 5-3 below:  
 
Complete copies of the laboratory data packages and validation reports are included electronically on the 
attached CD as Appendix A. 
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Table 5-3 
Summary of LF4/DA1Well Groundwater Sample Results 

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND ND 19
1,1-Dichloroethane ND ND ND 19.2
1,1-Dichloroethene ND ND ND 6.15
1,3,5-Trinitrobenzene ND ND ND ND
2,4-Dinitrotoluene ND ND ND 0.36 J
2-Nitrotoluene ND ND ND ND
Dichlorodifluoromethane  ND ND ND 23.9
HMX  ND ND 3.8 J 4.3 J
Perchlorate 2.9 1.1 195 431
RDX 0.13 ND 19 J 84 J
Toluene ND ND ND ND
Trichloroethene ND ND ND ND

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND ND ND
1,1-Dichloroethane ND ND ND ND
1,1-Dichloroethene ND ND ND ND
1,3,5-Trinitrobenzene ND ND ND ND
2,4-Dinitrotoluene ND ND ND ND
2-Nitrotoluene ND ND ND ND
Dichlorodifluoromethane ND ND ND ND
HMX 0.38 ND ND 0.25 J
Perchlorate 82.6 41.9 34.2 35.9
RDX 9.4 4.1 2.8 J 4.1 J
Toluene ND ND ND ND
Trichloroethene ND ND ND ND

Site Sample ID
Sample Date/Time
Units

1,1,1-Trichloroethane ND ND ND
1,1-Dichloroethane ND ND ND
1,1-Dichloroethene ND ND ND
1,3,5-Trinitrobenzene ND ND ND
2,4-Dinitrotoluene ND ND ND
2-Nitrotoluene ND ND ND
Dichlorodifluoromethane ND ND ND
HMX ND ND ND
Perchlorate 2.3 ND ND
RDX ND ND ND
Toluene ND ND ND
Trichloroethene ND ND ND

23LF4MW7B
6/26/2009

ug/L

23LF4MW5A
6/26/2009

ug/L

23LF4MW18SW
6/25/2009

ug/L

23LF4MW17SW
6/25/2009

ug/L

6/26/2009
23L4MW03BW23L4MW03AW

6/26/2009
ug/L

ug/L
6/29/2009

23L4MW02BW

23L4MW04AW
6/29/2009

ug/Lug/L

ug/L
6/29/2009

23L4MW01AW 23L4MW02AW
6/29/2009

ug/L

23L4MW01BW
6/29/2009

ug/L

 
ug/L – microgram per liter/part per billion J – estimated value 
ND – Non-detectable 
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6.0  GROUNDWATER QUALITY TRENDS 
 
6.1 Sentinel Wells 
 

The Sentinel Well groundwater result trends are as follows: 
 

• With the use of dedicated pumps and low flow purging/sampling techniques (which 
obtain water samples with lower turbidity), the total and dissolved metals concentrations 
have decreased significantly.  All of the total and dissolved metals detections in 
groundwater from these wells were below MTCA Method A and B regulatory screening 
levels. 

 
• Petroleum hydrocarbons have not been detected in any of the Sentinel Wells throughout 

the monitoring, except for an isolated detection of diesel range petroleum hydrocarbons 
in LCMW02DW at 0.15 mg/L in January 2006. 

 
• Perchlorate and explosive constituents have not been detected above the laboratory 

detection limits at the Sentinel Wells, following data validation and data quality 
assessments.  

 
6.2 LF4/DA1Wells – Data Trends 

  
Based on our recent review of historic groundwater data, the following observations summarize 
groundwater conditions at and around the LF4/DA1 site; detections are shown graphically for 
each well in Appendix B. 

 
• All of the VOCs detected (primarily at LF4-MW-2B) continue to be well below MTCA 

Method A and B Cleanup Levels (see Table 6-1).  Concentrations of 1,1-dichloroethene, 
1,1- dichloroethane and 1,1,1-trichloroethane have been decreasing slowly and 
dichlorodifluoromethane, 1,2-dichloroethane, tetrachloroethene and trichloroethene 
results have been non-detectable for the last year.   
 

• HMX and RDX concentrations in groundwater have been either stable, below MTCA 
levels, or decreasing slowly with consistent concentration distributions throughout all of 
the 27 LF4/DA1 groundwater sampling events (2001 to 2009; see Figure 6.1). 

 
• Well LF4-MW-1A – the shallow upgradient well perchlorate concentrations have 

decreased to previous levels (ranging from 1.6 to 7 µg/L) from the 36 µg/L detected in 
4th Quarter 2008 during and following a heavy precipitation event and correlate with 
RDX variations (see Figure 6.2).     
 

• Well LF4-MW-1B – the deep upgradient well has low perchlorate concentrations; the 
adjacent shallow well LF-MW-1A has a history of low perchlorate and RDX 
concentrations.  Since this well is located upgradient of the LF4/DA1, neither the 
detection nor absence of perchlorate at this well affects the monitoring program. 
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• Well LF-MW-2A – perchlorate concentrations appear to have reached a degree of 

equilibrium since 2005 with a consistent concentrations of perchlorate, RDX and HMX, 
which are all clearly affected by seasonal changes in recharge (see Figure 6.3).  The 
seasonal variation appears to be inversely correlated with increased 
precipitation/groundwater elevations: 

 
o The lowest reported perchlorate concentrations, the highest measured 

groundwater levels and the lowest reported precipitation totals have generally 
occurred in the first quarter (Winter) events each year. 
  

o The highest reported perchlorate concentrations, the lowest measured 
groundwater levels, and the highest reported precipitation totals usually occurred 
in the third quarter (Summer) events of each year.  

 
• L4MW2B perchlorate levels follow a stable, quasi-seasonal pattern. The 1st and 2nd 

Quarters in 2009 show the beginning of the downward portion of this pattern. The clearly 
seasonal perchlorate/RDX/HMX concentration patterns observed in L4-MW-2A are not 
repeated in the LF-MW-2B data (see Figure 6.4). 
 

• Well L4-MW-3A - perchlorate concentrations have remained relatively stable with a 
slightly decreasing trend since a peak concentration of 120 µg/L occurred during the 3rd 
quarter 2006 sampling event.  RDX concentrations are stable at about 10 ug/L. 
 

• Well L4-MW-3B - perchlorate concentrations have remained relatively stable with an 
overall decreasing trend since a peak concentration (55 µg/L) was observed in the 3rd and 
4th quarter 2006 sampling events.  RDX concentrations are stable at 5 ug/L. 
 

• Well L4-MW-4A - perchlorate concentrations have remained relatively stable (29 to 34 
µg/L) since a peak concentration (40 µg/L) was observed in the 4th quarter 2006 and 2nd 
quarter 2007 sampling events. The common laboratory contaminant, methylene chloride 
that was detected (0.14 ppb) in the 2nd Quarter 2008 sample, has not been detected in later 
events.   
 

• Well L4-MW-5A - perchlorate concentrations have been generally decreasing from a 
peak of 64 ppb in the initial sampling event in the 3rd quarter 2001 to less than 40 ppb 
during the last 7 quarters.  The trace detections of tetrachloroethene have been non-
detectable for the last 3 quarters.   RDX concentrations have been consistently less than 5 
ug/L. 
 

• Well L4-MW-7B - perchlorate concentrations have been generally stable at 2 to 3 ppb for 
the  last 20 quarterly sampling events; with the exception of an apparent field cross 
contamination issue during the 1st quarter 2006 event.  
 

• Well L4-MW-17 – the 2nd Quarter 2008 estimated (above the MDL but below the MRL) 
concentrations of 1,2,4-Trimethylbenzene and Naphthalene (0.12 and 0.35 µg/L, 
respectively) have not been detected in subsequent events.  
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• Well L4-MW-17 and 18 – the monitoring wells located at the beginning of the Central 
Valley Floor were non-detectable for perchlorate throughout the 20 sampling events  

 
Table 6-1 

Summary of Maximum Groundwater Monitoring Detections vs MCTA Cleanup Levels 
 

 Concentration (ppb/µg/L) MTCA Cleanup Level 
Groundwater (ppb/µg/L) 

Contaminant 
Maximum 
Dectection 

(1) 
Well ID Method A Method B 

HMX 4.6 L4MW02A  400 
RDX 120  L4MW02B  0.8  

Perchlorate 530   11 
Picric Acid 2.9 

L4MW02B 
 

(2)  
Nitroglycerine 8.4 (2)  

1,1-Dichloroethene 36  400 
1,1- Dichloroethane 45  1600 

1,1,1-Trichloroethane >200 in ‘03 
>50 in ‘07 200  

1,2-Dichloroethane 1.58 

L4MW02B 
 

5 (2)  
2,4-Dinitrotoluene 0.36 (2) 32 
Isopropylbenzene 0.2 (2)  

Methylene Chloride 2.58 5 (2)  
n-Propylbenzene 0.2 (2) 48 

Tetrachloroethene 1.1 5  
Trichloroethene 0.26 5 (2)  

Trichlorofluoromethane 0.22 5 (2) 2,400 
Dichlorodifluoromethane 190  1,600 

1,3,5 Trinitrobenzene 0.13 L4MW01A  43,000 
Naphthalene 0.35 L4MW17 160 (2)  
(1) Bold values exceeded MTCA A or B Cleanup Levels. 
 (2) Not retained due to low frequency detection (one or two times out of > 250 samples). 

 
The quarterly sample results continue to be less than the Applicable Cleanup Levels as presented in the 
Draft RI/FS for Site-Wide Groundwater (RAU2C/BCRRT August 2009) currently under review by 
Ecology. 
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Figure 6.1 LF4/DA1 Groundwater Monitoring RDX Results 
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Figure 6.2 LF4/DA1 Groundwater Monitoring Perchlorate Results 
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Figure 7.3 LF4/DA1 Perchlorate Results, Groundwater Elevation, and Precipitation - LF4-MW-2A 
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Figure 6.4 LF4/DA1 Perchlorate Results, Groundwater Elevation, and Precipitation - LF4-MW-2B
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