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1.0 INTRODUCTION 
 
This Field Sampling Plan (FSP) was developed by Tetra Tech EM Inc. (Tetra Tech) in support of a Site 
Assessment (SA) being conducted by the U.S. Environmental Protection Agency (EPA) Region VIII.  
EPA requested the SA due to finding a non-aqueous phase liquid (NAPL) release in the Cache La Poudre 
River adjacent to the Fort Collins, Northside Aztlan Center, Fort Collins, Larimer County, Colorado  
(Figure 1).  The project is being performed in cooperation with the Xcel Energy Non-Aqueous Phase 
Source Investigation.  
 
A Phase I Environmental Site Assessment (Phase I) was conducted for the Fort Collins Downtown River 
Corridor by WALSH Environmental Scientists and Engineers, LLC (Walsh) in 2001 (WALSH 2001a).  
The Fort Collins Northside Aztlan Center is located in the corridor studied by Walsh.  The Phase I 
identified the potential for environmental concerns associated with the former Poudre Valley Gas Plant 
located south of the Northside Aztlan Center.  The City of Fort Collins is interested in developing a larger 
recreation facility on and adjacent to the former landfill located on the Site. 
 
In October 2003, EPA issued Technical Directive Document (TDD) S05-0310-016 to Tetra Tech to 
prepare a FSP for the SA at the Aztlan Center Site.  This FSP has been prepared in accordance with the 
task elements specified in the EPA’s Guidance for Performing Site Inspections Under CERCLA (EPA 
1992) and Region VIII Supplement to Guidance for Performing Site Inspections Under CERCLA (EPA 
1993).    
 
The project objectives and related activities described in this FSP are designed to: 
 

1) Identify potential pathways and source area(s) for free product/NAPL identified in the Cache La 
Poudre River adjacent to the Site. 

 
2) Obtain data to refine the conceptual site model (CSM), (i.e. bedrock surface, alluvial thickness, 

landfill thickness, bedrock lithology, etc). 
 
3) Investigate whether tetrachloroethene (PCE) previously identified in the vicinity of the landfill is 

affecting the water quality of the Cache La Poudre River. 
 

4) Facilitate the identification of the extent and the source area(s) for gasoline/Methyl tertiary-butyl 
ether (MTBE) contamination in groundwater at the Site. 

 
5) Generate data to support the design and implementation of remedy at the Site 

 

The sampling program will include use of passive soil gas sampling to: Identify sources of contaminants, 

delineate groundwater contaminant plumes, provide information on likely contaminant pathways and, 

provide data on the lateral distribution and the types of contaminants present in the vadose zone.   
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A geophysical survey will be conducted using ground-penetrating radar (GPR) to better define the extent 

of the landfill and the configuration of the bedrock surface (Pierre shale).  Following analysis of the soil 

gas and geophysical data, strategic soil boring and/or monitoring well locations will be identified.  

Hollow stem auger (HSA) borings will be advanced to the depth of the bedrock (Pierre shale) surface and 

into the bedrock to collect soil samples, identify the depth to bedrock, place and sample monitoring wells, 

and evaluate contaminant migration within the subsurface.  Additionally, passive diffusion bag samplers 

will be placed in the riverbank along the border of the site to evaluate any potential contaminant 

discharges to the Cache la Poudre River from the Site.  Data obtained from these sampling techniques 

may be used to focus other intrusive sampling and characterization efforts as needed (e.g. trenching).  The 

field investigation approach will be used in conjunction with the CSM to limit uncertainty relative to 

potential pathways for contaminant migration and the extent of contamination across the Site.   

 

2.0 CONCEPTUAL SITE MODEL 
 

A CSM (Figure 12) is an important tool used to identify key features of a site relative to the site-specific 

environmental decisions being that may impact remedial and reuse alternatives.  A preliminary CSM is 

developed before an investigation is planned and implemented.  Existing data, such as geologic, 

hydrogeologic, contaminant types, source area characteristics, and other pertinent information are 

carefully reexamined to assure that the data proposed to be collected will be of sufficient quality and 

quantity to meet the project objectives.   

 

A CSM includes the identification of suspected contaminant sources and types of contaminants present, 

potential receptors and exposure points, potential migration pathways, and other project constraints.  The 

CSM uses existing information on the types of contaminants, pathways, receptors, and future land uses to 

help define areas where further study is needed.  The CSM will be continually refined as information is 

gathered.  Modifications to the project approach may be made as more is learned about the site and the 

data needs are refined.   
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2.1 SITE DESCRIPTION  
 
The Fort Collins Northside Aztlan Center is located at 200 Willow Street in Fort Collins, Colorado.  The 
Site is located in a commercial area and comprises approximately 20 acres, which includes the Northside 
Aztlan Center, the United Way Building, a park, soccer fields, playground, bike path, and parking areas.  
The Site is bounded on the northeast by the Cache La Poudre River, on the northwest by a branch line of 
the Union Pacific Railroad, on the southwest by Willow Street, and on the southeast by Linden Street and 
Pine Street (Figure 2).   
 
The site includes a former municipal landfill of approximately 12 acres.  Previous investigations 
document landfill debris to be between nine and fourteen feet in thickness with a one- to three-foot-thick 
silty clay cover (Walsh 2001b, Tetra Tech 2004).  
 
Under the Fort Collins Downtown River Corridor Implementation Program, redevelopment plans for the 
Site include building of a new 50,000 square-foot multi-generational recreation center.   
 
2.2 SITE HISTORY 
 
A municipal landfill owned and operated by the City of Fort Collins covers much of the site (Figure 2).  
Little information is available about the contents of the landfill, and the exact date the landfill opened is 
not known.  However, aerial photographs reviewed in the Phase 1 ESA (Walsh 2001a) indicate the 
landfill was in operation during 1941.  The landfill was not gated and the waste was not monitored for 
content prior to disposal.  Open burning of wastes was conducted at the landfill until the early 1960s, 
when the landfill was closed and reportedly covered with one to three feet of silty clay (WALSH 2001b; 
City of Fort Collins 2002). 
 
The Poudre Valley Gas (PVG) Company produced manufactured gas south of the Site on Willow Street 

from approximately 1900 until 1930.  The PVG plant manufactured gas from coal and possibly oil using a 

carbureted water gasification method.  Two gas holders (49.5 feet and 52 feet in diameter) were present at 

the site in the 1930s.  One tar pit of unknown size was located north of the smaller, western gas holder. 

The aboveground portion of the western gas holder was removed before 1941. The second gas holder is 

thought to have been removed in 1966 (WALSH 2001a).   

 

Two buildings have been constructed on the former landfill.  The Fort Collins Aztlan Center was built in 

1973 and the United Way Building was built in 1985.   
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2.3 SUMMARY OF PREVIOUS INVESTIGATIONS  
 

Previous investigations summarized analytical results for samples collected at the site.  Methane gas 

surveys were conducted at the landfill for the City of Fort Collins in 1977, and in 1979 by GeoTek, Inc. 

and Raymond Vail Associates.  The 1977 survey reported methane concentrations ranging from 0.1 to 4.1 

percent gas in twenty-one boring locations.  The 1979 survey reported methane detections in four out of 

twenty-seven boreholes. These detections ranged from five to sixty-two percent of the lower explosive 

level (LEL) for methane, which is five to fifteen percent methane gas by volume. The highest levels were 

found in the western portion of the landfill.  Perimeter locations near residential, commercial, and 

industrial areas did not appear to be accumulating methane gas (WALSH 2001b).   

 

The Colorado Department of Health and the Environment (CDPHE) reported that limited sampling of soil 

and groundwater occurred in 1985 during construction of the United Way Building.  Samples were 

analyzed for metals and semivolatile organic compounds (SVOC) and volatile organic compounds (VOC) 

(WALSH 2001b).  In 1999 groundwater samples were collected from monitoring wells MW-1, MW-2, 

and MW-3.  The sample from MW-1 contained approximately 3,600 µg/L of naphthalene, 27 µg/L of 

benzene, and 1,400 µg/L of xylene and other hydrocarbons.  MW-1 is located on the southern boundary 

of the former PVG plant site.  In addition, chromium was also detected in groundwater in monitoring 

wells MW-1, MW-2, and MW-3 at concentrations ranging from 1,130 µg/L to 1,250 µg/L (WALSH 

2001b). 

 
In the late 1990s, an underground portion of the western gas holder used by the PVG Company was 

encountered during planning phase of the Downtown River Corridor Project (Stewart Environmental 

Consultants, Inc. [Stewart] 1996).  The underground portion of the gas holder was 10.5 feet deep and 

filled with coal tar and coal tar contaminated soil. The contents of this gas holder were removed in 1996 

by the City of Fort Collins under the CDPHE Voluntary Cleanup Program. The intact underground 

portion of the gas holder was filled with clean soil and left in place.  Rail lines now pass over the former 

location of the gas holder (WALSH 2001b; Stewart 1996).  During the 1996 gas holder tank removal, 

contaminated soil to the west, south, and east of the gas holder were removed to depths of three to four 

feet below ground surface (bgs).  In addition, three test pits were excavated at locations immediately 

south and east of the gas holder.  Soil containing coal tar and creosote, and green and blue-green stained 

soil layers, were observed in these test pits.  Coal tar and other organic compounds were also visible in 

groundwater encountered in the test pits.  Contaminated soil below four feet bgs and groundwater were 

not remediated as part of the gas holder remediation (WALSH 2001b; Stewart 1996). 
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The City of Fort Collins installed two monitoring wells (MW-9 and MW-12) on the City’s property on 

the north side of Willow Street (Figure 3).  MW-12 is located downgradient of the location of the former 

gas holder and MW-9 is located 200 feet from MW-12, but not directly downgradient of the former gas 

holder.  Groundwater samples collected from MW-12 contained levels of benzene in excess of Colorado 

State Standards for groundwater as well as detectable concentrations of toluene, xylenes, and naphthalene. 

Groundwater samples collected from MW-9 contained naphthalene but no detectable benzene (WALSH 

2001b).   

 
In 1998, the Larimer County Health Department collected a water sample at a depth of nine feet below 

ground surface (bgs) from a sanitary sewer excavation located on the south side of Willow Street, 

adjacent to the property owned by Schrader Oil Company.  The PVG Company was previously located on 

a portion of this property.  Tentatively identified compounds detected in this sample included 

acenaphthylene, fluorene, phenanthrene, and substituted naphthalene (WALSH 2001b).   

 

In 2001, WALSH drilled 11 boreholes (BTH-1 through BTH-11) and completed them as monitoring 

wells to evaluate the extent of contamination at the Site (WALSH 2001b).  Soil and groundwater samples 

were collected from these boreholes and analyzed for the presence of VOCs, SVOCs and Polynuclear 

Aromatic Hydrocarbons (PAHs), total metals in soil, and dissolved metals in groundwater.  PAHs were 

detected in groundwater samples from at least five of the wells, and VOCs were detected in soil samples 

from 3 locations (WALSH 2001b). 

 
During the 2001 Phase I investigation, contamination from the former gas plant site was found 

downgradient of the PVG plant on the Fort Collins Northside Aztlan Center property (WALSH 2001a). 

The nature and extent of soil and groundwater contamination located on the site are described in several 

reports completed by WALSH in 2001 and 2002 under the Fort Collins Downtown River Corridor 

Brownfields Pilot Assessment Program (Walsh 2001a, 2001b, 2002a, 2002b). Coal tar-related 

compounds, including benzene and naphthalene, were documented as being present at or above method 

reporting limits in soil and groundwater on the City of Fort Collin’s property.  Detected contaminants 

were found primarily between the locations of the Fort Collins Northside Aztlan Center, the United Way 

Building, and the previous location of the eastern most former gas holder location south of Willow Street 

and are discussed in more detail in Section 2.7.  A groundwater plume of potentially coal tar related 

compounds was identified, extending north from Willow Street at least 500 feet onto city property 

(WALSH 2001a; WALSH 2001b; WALSH 2001c; WALSH 2001d; WALSH 2001e; WALSH 2002a; 

WALSH 2002b). 

 



 

 6 

Schrader Oil, the company that owns property and some of the structures associated with the former PVG 

plant (Figure 2), is conducting ongoing monitoring and remediation as part of a Colorado Department of 

Labor and Employment (CDLE) Division of Oil and Public Safety (OPS) Corrective Action Plan (CAP).  

The CAP resulted from a 1994 leaking underground storage tank (UST) and a gasoline groundwater 

plume documented on the southern portion of the Fort Collins Northside Aztlan Center site and north of 

the Schrader facility (Paragon Consulting Group [Paragon] 2002). 

 
In September 2002, a sheen was noticed near the south bank of the Poudre River.  The apparent origin of 

the sheen was located in line with the axis of the plume of potentially coal tar related compounds 

identified by previous investigations.  Several PAHs were detected at low levels in samples of water and 

sheen that were collected on September 24, 2002 (Walsh 2003).  URS Operating Services (UOS) 

collected a sample of the product from the bottom of the Cache la Poudre River on February 5, 2003.  The 

product was black/dark brown, viscous, and appeared to have a high surface tension while under water.  

Analytical results document that the product collected by UOS is chemically consistent with products 

associated with the former PVG plant (WALSH 2002b; UOS 2003a).  A discussion of product correlation 

is presented in Section 2.7 and in Attachment 1.  Sample results preliminarily indicated the presence of 

both chlorinated solvents and pesticides.   

 
In May 2003, EPA directed Tetra Tech to prepare a revised FSP for the Targeted Brownfields Assessment 

(TBA) at the Northside Aztlan Center Site.  The FSP was finalized in July 2003 and described field 

activities conducted to; identify chemical characteristics of the oily material identified in the Cache La 

Poudre River adjacent to the Site, evaluate the nature and extent of contamination at the Site, and identify 

pathways for the oily material or other contaminant sources to the river.  Results of the TBA indicated the 

presence of benzene, toluene, ethylbenzene, xylene (BTEX), MTBE, and naphthalene contamination in 

the southern part of the site.  Tetrachloroethene (PCE) was detected in samples collected predominantly 

from monitoring wells along the western banks of the Cache la Poudre River and in the southeastern part 

of the site.  Additionally, a product sample was collected from the river and sent for offsite analysis. 

Analytical results document that the product is chemically consistent with products associated with a 

manufactured gas plant (Tetra Tech 2004).    
 
2.4 SITE GEOLOGY 
 

The Site lies in the northern front range of Colorado.  Previous investigations have identified the Site as 

overlying Post-Piney Creek Alluvium from the upper Holocene underlain by older alluvial gravel 

consisting of Broadway Alluvium from the Pinedale Glaciation, Pleistocene.  The total thickness of the 
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alluvium ranges from 5-15 feet.  Pierre Shale bedrock is present at a depth of between 16 to 21.5 feet bgs 

(Figure 12).    

 

Post-Piney Creek Alluvium is described as dark-gray humic, sandy to gravelly alluvium that contains 

scattered plant remains.  The alluvium underlies flood plains of major streams and terraces less than 10 

feet above the stream level and is underlain by older alluvium gravel in valley areas.  The thickness 

ranges from 5-15 feet with flood events occasionally covering this unit. 

 

Broadway Alluvium is described as gravel and sand deposited by the South Platte River and it’s 

tributaries.  The alluvium is well sorted and well stratified.  Terrace surfaces are found at about 40 feet 

above major streams near the Front Range.  The Broadway Alluvium along tributaries ranges from 10-15 

feet thick, but can be as much as 125 feet thick along the South Platte River.  

 

Soil at the Site consists of Loveland clay loam, Table Mountain loam, Paoli fine sandy loam, Riverwash, 

and Santanta loam (UOS 2003b).   

 

2.5 SITE HYDROGEOLOGY 
 

The Cache La Poudre River flows in a southeastern direction along the eastern boundary of the site.  

Depth to groundwater at the site ranges from 10 to 15 feet bgs with the saturated zone underlain by a 

confining layer of Pierre Shale bedrock.  Groundwater generally flows in an east-northeast direction 

across the site (Tetra Tech 2004).  Sanborn maps indicate that the adjacent river channel has meandered 

significantly throughout the history of the site (Walsh 2001a).  A review of Sanborn maps from various 

times after the PVG was in place indicate that the river continued to migrate over time and likely 

deposited differing configurations of river sand bars and islands prior to the initiation of landfill 

operations in the 1930’s.  Figure 4 shows the approximate location of the river channels at a time shortly 

after the PVG plant was constructed in 1906.  These perturbations in the river’s path create ox-bows or 

riverbank and channel deposits that could represent preferred pathways beneath the landfill for the 

migration of contaminants from upgradient source areas to the river.  Low areas created by these features 

may also have provided points of discharge for materials leaving the site of the former PVG plant.    

  

2.6 MEDIA OF CONCERN 
 

The media of concern at the Site include soil, sediment, surface water, groundwater, and air.  Upgradient 

sources have resulted in the contamination of subsurface soil and groundwater beneath the Site.  Walsh 
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(2001b) documented the potential threat to indoor air from the volatilization of groundwater plume 

constituents to indoor air.   

 

Physically impacted sediment in the Cache La Poudre riverbed was observed by the presence of free 

product.  It is currently unknown how this material has reached the river.  The apparent discontinuous 

nature of the plume may or may not reflect the presence of a preferred pathway to the river.  Small-scale 

heterogeneities or preferred pathways could have gone unnoticed as a result of monitoring well 

completions and fine scale heterogeneities within the alluvium and/or bedrock configuration. 

 

Direct contact with surface soil is not a potential pathway of concern because of the reported presence of 

a soil cover.  Direct contact with surface soil and sediment could be a potential pathway of concern along 

the berm between the landfill surface and the river to recreational users, but evaluation of this pathway is 

beyond the scope of this SA. 

 

The presence of NAPL, contaminated groundwater, and subsurface soil are considered to be potential 

sources of contamination to surface water based on the preliminary CSM (Figure 12).   

 

2.7 CONTAMINANTS OF POTENTIAL CONCERN 
 

Previous investigations at the Site identified a number of VOCs and SVOCs in groundwater and soil 

(Walsh 2001b, 2002a, 2002b).  Semi-volatile contaminants found at elevated levels in the Site soil and 

groundwater include: naphthalene, benzo(a)pyrene and other PAHs.  Volatile contaminants found at 

elevated levels in site soil and groundwater include: BTEX, MTBE, and chlorinated solvents such as 

PCE. 

 

In addition to the contamination found within the groundwater plume boundaries identified so far at the 

Site (Figures 5, 6, 7 and 8), product sample FC-PR-01 was collected by UOS personnel on February 3, 

2003 from the Cache La Poudre riverbed (Figure 3).  The sample was analyzed for oil and grease, VOCs, 

SVOCs, pesticides, PCBs, and metals.  Detectable levels of VOCs, SVOCs, and some chlorinated 

pesticides were detected in the product sample; however, it does not appear that substantial impacts to the 

river for the detected substances have occurred (Walsh 2003).  More information concerning the nature 

and extent of any release is needed before any potential for risk associated with direct or indirect contact 

with the river or associated sediments can be evaluated. 
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In an attempt to “fingerprint” PAH contamination found in the riverbed to potential sources at the Site, 

Walsh developed correlations between PAH concentrations found in the riverbed sample and those in two 

upgradient samples.  The details of the correlation are provided in a letter from Walsh to Margit 

Hentschel, a representative of the Natural Resources Department, City of Fort Collins dated June 27, 2003 

(Attachment 1a).  

 

An upgradient soil sample, collected from test pit 2 at the former PVG gas plant site (Figure 3) had a high 

correlation coefficient of 0.97 when compared to the riverbed product samples.  A second upgradient 

sample selected for comparison was used to evaluate PAHs found in landfill material against the riverbed 

project sample.  This sample was collected at soil boring BTH-10 (5-15') (Figure 3) from within the 

landfill where PAH compounds had been detected.  This sample had a very poor correlation coefficient of 

minus 0.21 when compared to the riverbed product sample.  

 

The high correlation (0.97) between the concentrations of PAH compounds detected in the riverbed 

sample and the PVG gas plant sample suggests that the PAHs found in the both samples have a common 

origin and/or were generated by a common process.  Similarly, the very poor correlation (-0.21) between 

the concentration of PAH compounds in the riverbed sample and the landfill borehole sample indicate 

that these materials have a very different composition and do not have a common origin.  Field activities 

and sampling and analysis conducted under this SA will provide additional information necessary to 

evaluate any preferential pathways or spatial connections between the product detected in the riverbed 

and upgradient sources. 

   

Two additional product samples (FC-PS-01) and (H1250) collected by Tetra Tech during the TBA 

confirmed the findings of Walsh’s correlation analysis (Appendix 1b).  Product sample FC-PS-01 was 

collected from the top of the sediment in the Poudre River on September 23, 2003 (Figure 3).  Again the 

PAH concentrations in the sample (FC-PS-01) had a high correlation coefficient (0.97) with the PVG gas 

plant sample (TP-2, 11.5’).  Additional product was encountered within the landfill material during the 

direct push sampling phase of the TBA at location FC-GW-15 (Figure 3).  The product sample (H1250) 

was collected between 17 and 18 feet bgs at location FC-GW-15.  The sample had a low correlation 

coefficient (0.30) when compared with the product collected in the river (FC-PS-01).   Similarly the 

product sample (H1250) had a low correlation coefficient (0.03) when compared with the product sample 

collected in the Cache La Poudre River in February 2003 (FC-PR-01).   
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The high correlations between the concentrations of PAH compounds detected in the riverbed samples 

(FC-PR-01 and FC-PS-01) and the former PVG gas plant sample (TP-2, 11.5’) suggest that the PAHs 

found in all three samples have a common origin and/or were generated by a common process.  Given the 

extremely poor correlations between the concentrations of PAH compounds in the riverbed samples (FC-

PR-01 and FC-PS-01) and the landfill borehole samples (BTH-10 5-15’ and H1250) it appears that the 

landfill materials have a very different composition from the former PVG gas plant sample.  The 

correlation plots and a data table completed by Tetra Tech as part of the TBA are also included in 

Attachment 1. 

 
3.0 FIELD SAMPLING PLAN STRATEGY 

 

This section describes the sampling strategy and field activities intended to accomplish the objectives 

outlined in Section 1.0 of this FSP.  Activities will adhere to procedures outlined in the Tetra Tech 

Standard Operating Procedures (SOPs) for conducting field operations at hazardous waste sites 

(Appendix A).  Fieldwork is scheduled for February-April 2004.  It is estimated that sampling activities 

will be completed in 4 mobilizations:  

 

1) Passive soil gas samplers will be deployed in approximately 5 to 7 days;  

2) The soil gas samplers will be retrieved approximately 2 weeks later and a geophysical 

survey will be conducted and passive diffusion bag samplers will be installed in the 

riverbank 

3) The passive diffusion bag samplers will be retrieved approximately 2 weeks after they are 

placed and sent to a laboratory for chemical analysis 

4) After the soil gas, passive diffusion bag sampler data, and geophysical survey results 

have been obtained and reviewed drilling activities and installation of groundwater 

monitoring wells will commence in a mobilization of approximately 10 to 14 days, 

depending on field conditions and the level of investigation required.   
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3.1 APPROACH  
 

For planning purposes, the groundwater flow direction across the landfill is assumed to be east-northeast, 

based on the potentiometric surface developed using the most recent groundwater elevation data (Figure 

9).  Groundwater is approximately 10 to 15 feet bgs and depth to bedrock is approximately 18 feet bgs 

(Tetra Tech 2004).  Groundwater elevations will be collected from existing wells on site and on the 

Schrader property as possible before sampling begins.  Existing monitoring wells will also be inspected 

for the presence of NAPL.  

 

Initially the project team plans to complete a geophysical survey and collect soil gas samples from across 

the site.  Results from the geophysical survey, soil gas survey, and passive diffusion bag samples will be 

used to refine the CSM and used to target initial invasive drilling and sampling activities.   Soil, water, 

and product samples will be sent to an off-site fixed laboratory for chemical analyses as defined in 

Section 5.0 of this FSP.   

 

Field activities will be conducted using a dynamic decision-making approach whenever possible.  The 

dynamic approach will provide the project team the flexibility to use field observations to optimize well 

locations and to select soil sampling locations as the CSM is further refined.  Field methods including 

flame ionization detection (FID) and photo ionization detection (PID) systems will be used to determine 

when and where samples will be collected for chemical analysis. 

 

Product samples will be collected when source areas are encountered across the site to facilitate 

fingerprinting and source identification. 

 

Proposed sample locations and rationale are presented in Table 1.  Soil borings will be advanced at up to 

20 locations and 10 groundwater monitoring well pairs (20 monitoring wells) will be installed across the 

site in order to better define the bedrock surface, determine the locations of source areas, collect 

groundwater samples, and facilitate potential future remedial and/or removal actions at the Site.  The 

actual locations of boring and monitoring well placements will be selected based on the CSM, previously 

located areas of contamination, the results of the geophysical survey, the results of the soil gas survey,  

the results of the passive diffusion bag samples, and field observations.  The field-based observations 

include: VOC data from continuous FID/PID readings of each soil core, visually observed product, field-

based tests, and the competency of the bedrock encountered.  See Attachment 2 for the decision-making 

logic diagram. 
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Based on the results obtained from the geophysical survey, soil gas samples, and field observations, 

invasive field activities may also include advancing one or more trenches to the depth of bedrock (Pierre 

shale) to evaluate the presence of potential sources, preferential pathways, and to further characterize 

subsurface conditions at the Site.   If activities associated with the Non-Aqueous Phase Source 

Investigation indicate that the product source is in or beneath the landfill, additional invasive investigation 

activities may be conducted to evaluate the extent of the product source.  The additional invasive 

activities may include additional HSA drilling and trenching to the base of the landfill and into bedrock. 

 

Currently, the Xcel Energy Non-Aqueous Phase Source Investigation is being conducted in and along the 

Cache La Poudre River at the Site.  As soon as Site conditions allow, passive diffusion bag samplers will 

be installed below the depth of saturation in the riverbank, along the Aztlan landfill border to identify 

persistent contaminant discharge locations to the river. 

 

3.2 FIELD ACTIVITIES 
 

The following section describes field activities designed to meet the project objectives. 

 

3.2.1 Underground Utilities Clearance 
 

Prior to initiating field activities, Tetra Tech will procure a licensed subcontractor to identify and mark 

underground utilities at all locations where intrusive activities will be conducted. 

 

3.2.2 Soil Gas Survey 
 

Initial field sampling activities will include a soil gas survey, using the EMFLUX passive soil-gas 

sampling system, in order to identify potential contaminant source areas, facilitate the delineation of 

groundwater contaminant plumes, provide information on discrete contaminant pathways, and provide 

data on the lateral distribution and types of contaminants present in the vadose zone.  This soil gas survey 

method will readily detect the presence of VOC contamination and some light end SVOCs in soil and 

groundwater.  Previously detected volatile compounds associated with presence of product at the site 

include: BTEX, substituted benzenes (1,3,5 trimethylbenzene, 1,2,4 trimethylbenzene, and n-

butylbenzene), and total aliphatic hydrocarbons.  These compounds may be used to identify locations 

where the presence of NAPL in the subsurface is likely.  Up to 350 of the passive soil-gas sampling 

devices will be installed in a 50-foot grid across the entire site.  Samplers will also be placed every 25 feet 

along transects placed strategically to intersect known and likely areas of contamination across portions of 
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the Site (Figure 10).  Soil gas samplers will also be placed at approximately 20-foot intervals along 

transects adjacent to the upgradient boundary of the Site and along the river (Figure 11) to locate 

contaminants entering the site from upgradient sources and to locate areas where contaminants may be 

leaving the Site and discharging into the river.  The soil gas samplers will be installed and retrieved 

following procedures described in Section 4.1. 

 

3.2.3 Geophysical Survey 

 

Field activities will include GPR methods to better define the bedrock surface and to identify the presence 

of preferential pathways such as bedrock fractures, subsurface channels in alluvium, or underground 

pipelines.  The survey will be conducted prior to the drilling mobilization to allow time for data 

evaluation, CSM refinement, and subsequent sampling strategy refinement.  Where the data indicate the 

presence of a subsurface preferential pathway or pipeline(s), sampling locations may be modified 

accordingly to focus on site features that require further characterization.  Based on known site 

conditions, GPR is the preferred geophysical method.  Geophysical survey procedures are discussed in 

Section 5.2.  However, preliminary data obtained on the first day of geophysical fieldwork may indicate 

the need for an alternate method of geophysical investigation.  Other geophysical survey methods that 

may be considered feasible, based on site-specific conditions include seismic refraction (SR) and 

electrical resistivity.   

 
3.2.4 Soil/Product Sampling  
 

Up to 20 soil samples will be collected from soil borings to characterize the soil profile.  Sample locations 

and depths will be determined in the field, based on visual inspection, PID/FID readings, and other field-

based screening techniques described in Section 4.3.  Soil samples may not be collected if field-based 

screening results are negative (i.e., PID/FID readings are very low and field based screening techniques 

indicate that there is no product).  Product samples will be collected wherever possible across the site to 

facilitate fingerprinting and source identification/delineation.  Soil samples will also be collected and 

analyzed for geotechnical properties to support potential future remedial and/or removal actions.  

Soil/Product sampling procedures are discussed in Section 4.3. 

 

Observations of soil contamination will be used in conjunction with the CSM and soil gas survey results 

to focus source delineation and identification efforts. Soil and product samples will be analyzed at an off-

site laboratory as described in Section 5.0.  
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3.2.5 Grab Groundwater Sampling  
 
Grab groundwater samples will only be collected where soil borings are advanced without the installation 
of a monitoring well and visual observations of product and the sheen test are negative.   Groundwater 
grab samples will be analyzed for VOCs, SVOCs, TPH-p, and TPH-e as defined in Section 5.0 of this 
FSP.  Attachment 2 describes criteria for well placement.  Sampling locations will be staked and labeled 
while awaiting location verification using survey techniques (Section 3.2.12). 
  

3.2.6 Monitoring Well Installation  
 

Up to 20 monitoring wells will be installed as part of this SA field effort.  The actual locations of boring 

and monitoring well installations will be determined using information from the CSM, previously located 

areas of contamination, results of the Non-Aqueous Phase Source Investigation, geophysical 

investigation, and the soil gas survey.   Monitoring wells will be installed as well pairs or ‘nested’ wells.  

One well would be set within the overburden at the bedrock interface and one well would be set into 

bedrock to evaluate potential variations in contaminant movement within the separate lithologic units.  

Monitoring well installation procedures are discussed in Section 4.5.  After installation, the monitoring 

wells will be sampled as described in Section 4.6.   

 

After installation, the monitoring wells will be properly developed according to Tetra Tech SOP 021 

(Appendix A).   

 

3.2.7 Monitoring Well Sampling  
 

Groundwater samples will be collected from newly installed monitoring wells following procedures 

outlined in Tetra Tech SOP 015 (Appendix A).  Following well development, groundwater samples will 

be collected from the new monitoring wells and analyzed at an off-site laboratory for VOCs, SVOCs, 

TPH-e, TPH-p, cations, and anions, as described in Section 5.0.    The monitoring wells will be sampled 

as described in Section 4.6. 

   

3.2.8 Groundwater Flow Measurements  
 

Tetra Tech will measure current water levels in existing monitoring wells at the Site and upgradient of the 

Site as possible and generate a contour map of the potentiometric surface for further refinement of the 

groundwater flow direction.  The groundwater flow direction will be used to support placement of new 

monitoring wells and locating groundwater grab sample locations.  After the conclusion of field activities, 
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a new contour map of the potentiometric surface will be generated using location and elevation data from 

all new and existing monitoring wells, which will be presented in the field activities report. 

 

3.2.9 Site Access  
 

Should sample locations be identified outside the City of Fort Collins property boundaries, permission to 

access that property will be obtained prior to sampling those locations. 

 

3.2.10 Health and Safety  
 

A site Health and Safety Plan has been developed for field activities.  Field personnel will conduct all 

field activities in strict accordance with the approved site Health and Safety Plan.  It is anticipated that all 

field activities will be conducted in modified Level D personal protective equipment (PPE).   

 

3.2.11 Passive Diffusion Bag Sampler Installation 
 

As soon as Site conditions allow, up to 80 passive diffusion bag samplers will be installed below the 

depth of saturation in the riverbank, along the Aztlan landfill border, and along the south bank to identify 

persistent contaminant discharge locations to the river.  The bag samplers will be placed at 20-foot 

intervals along the riverbank and left in place for approximately 2 weeks to allow the sampler to 

equilibrate with the surrounding ground/surface water (Figure 10).  After the bag samplers are retrieved 

they will be sent to an off-site laboratory for VOC analysis (target analytes include naphthalene and 

MTBE) as described in Section 6.0.       

 

3.2.12 Surveying 
 

A licensed surveyor will establish vertical and horizontal coordinates for all new soil and groundwater 

sample locations and monitoring wells after fieldwork is completed.  Surveying will be conducted the day 

following conclusion of fieldwork, depending on licensed surveyor availability. 

 

Soil gas and passive diffusion bag sample locations will be surveyed using a Global Positioning System 

(GPS) unit as they are placed. 
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4.2.13 Optional Trenching 

 

Based on results obtained from the geophysical survey, soil gas samples, and field observations; field 

activities may also include advancing one or more trenches to the depth of bedrock (Pierre shale) to 

evaluate the presence of potential sources, preferential pathways, and to further characterize subsurface 

conditions at the Site.    

 

4.0  FIELD PROCEDURES 

 

4.1 SOIL GAS SAMPLING PROCEDURES  

 

Soil gas samplers will be installed by following operating procedures recommended by the manufacturer 

of the soil gas samplers.  Surface debris or vegetation will be removed exposing the ground surface.  An 

electric rotary-hammer fitted with a 0.5 inch by three-foot drill bit will be used to drill an approximately 

three foot deep hole.  The hole will act as a conduit for soil gas, increasing the sampler’s sensitivity and 

allow penetration of the reported one to three foot landfill cap.  Using a hammer and a 0.75-inch metal 

stake, the upper three to four inches of the hole will be widened to permit insertion of the soil gas 

sampler.  If the sampler is to be installed in an area covered with asphalt or concrete, the rotary-hammer 

will first be used with a one-inch masonry bit to drill a hole to the soils beneath. 

 

The sampling cartridge will be covered with local soils after it has been inserted into the hole.  Where the 

samplers are installed through asphalt or concrete the hole will be covered with mortar.  The sampler’s 

location, time and date of emplacement, and other relevant information will be recorded.  A GPS unit will 

be used to record the soil gas sample locations.   

 

And the end of the exposure period (approximately two weeks) the samplers will be retrieved and sent to 

the laboratory for VOC analysis (target analytes include naphthalene and MTBE).  Any holes in concrete 

or asphalt will be repaired with like material.  During installation and retrieval, periodic ambient air 

control samples will be collected as a quality control measure as described in Section 5.0. 
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4.2 GEOPHYSICAL SURVEY PROCEDURES 
 

The exact field procedures for the geophysical survey will be determined by the SOP developed by the 

geophysical subcontractor performing the work.  The planned extent of the geophysical survey is 

presented in Figure 11.  GPR is the preferred geophysical method for conditions at the Site; however, 

preliminary data obtained on the first day of geophysical fieldwork may indicate the need for an alternate 

method of geophysical investigation.  Other methods considered feasible include seismic refraction (SR) 

and electrical resistivity. 

   

4.3 SOIL CORE LOGGING AND SOIL SAMPLING PROCEDURES  
 

Soil borings will be advanced using an HSA drill rig and 4.25-inch diameter auger flights equipped with a 

split-spoon sampling barrel.  All boreholes will be continuously cored to the total depth of the boring (up 

to 25 feet into bedrock).  The entire core will be logged for lithologic description and screened with a 

PID/FID for VOCs.  Lithologic information will include depth, color, soil type, estimated density based 

on qualitative thumb penetration test, and qualitative moisture content.  Original field logs will be 

recorded for each boring (Appendix B).  Soil types will be classified in accordance with American 

Society for Testing and Materials (ASTM) D2488-90, Standard Practice for Description and 

Identification of Soils (Visual-Manual Procedure).  In addition to lithology, any contaminant-related 

features such as odor, staining, and/or unusual solid constituents such as manmade debris, will be noted 

on the logs.  The visual observation of NAPL will be documented using the following standardized 

descriptions: 

 

• No Visible Evidence – No visible evidence of oil on soil sample 

• Sheen – Any visible sheen in the water on soil particles as described by the sheen testing method 
presented later in this section 

• Staining – Visible brown or black staining in soil.  Can be visible as mottling or in bands.  
Typically associated with fine-grained soils 

• Coating – Visible brown or black oil coating soil particles.  Typically associated with coarse-
grained soils such as coarse sand, gravels, and cobbles 

• Oil Wetted – Visible brown or black oil wetting the soil sample.  Oil appears as a liquid and is not 
held by soil grains (Soils oozing petroleum typically contain 2 to 3 percent petroleum) 
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An ultra violet (UV) light box will also be used to aid in the visual observation of NAPL and the 

description of core samples. 

 

In addition to PID/FID and visual inspection, the presence of NAPL in soil cores will be periodically 

evaluated using a qualitative water sheen test.   This water sheen test will be conducted for portions of the 

core where visual inspection does not indicate the presence of NAPL. 

 

The water sheen test will be performed by placing soil in a small plastic bag filled with distilled water, 

shaking the bag and observing the water’s surface for signs of sheen.  Sheen will be classified as follows: 

 

• No Sheen (NS) – No visible sheen on water surface 

• Slight Sheen (SS) – Light colorless film; spotty to globular; spread is irregular, not rapid; areas of 
no sheen on water surface remain; film dissipates rapidly 

• Moderate Sheen (MS) – Light to heavy film; may have some color or iridescence; globular to 
stringy; spread is irregular to flowing; few remaining areas of no sheen on water surface. 

• Heavy Sheen (HS) – Heavy colorful film with iridescence; stringy in appearance; spread is rapid; 
sheen flows of the sample; most of water surface may be covered with sheen 

 

To characterize the vertical extent of contamination where pooled NAPL is encountered at the bedrock 

surface, the 4.25-inch auger flights will be pulled from the boring and larger diameter auger flights (e.g. 

8.25-inches in diameter) will be advanced to approximately 1 foot into bedrock using the same borehole.  

Approximately 2 feet of granular bentonite will then be poured through the auger flight and hydrated to 

create a plug to prevent possible down-hole migration of contaminated fluids.  The larger diameter flights 

will be left in place, acting as a temporary surface casing, and the 4.25-inch auger will be advanced 

though them to the total depth of the boring (approximately 25 feet into bedrock). 

 

Up to 20 soil samples will be collected from soil cores where PID/FID readings are greatest and/or where 

other field screening techniques indicate the presence of contamination.  Soil samples will be collected 

following Tetra Tech SOP 005 (see Attachment 2 for the soil sampling decision logic diagram) and sent 

to an off-site laboratory for VOC, SVOC, TPH-p, and TPH-e analysis.  At 3 locations chosen at the 

discretion of the field team leader, geotechnical samples will be collected. The 3 samples will be collected 

from the overburden directly above bedrock following Tetra Tech SOP 005.  The 3 samples collected 

from the overburden directly above bedrock will be analyzed for bulk density, effective porosity, grain 

size distribution, and Atterburg limits.  The geotechnical data will provide a preliminary indication of 
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subsurface properties in the 3 locations chosen and will provide the basis for further geotechnical 

sampling that may be conducted during remedial design activities.  

  

Table 3 presents soil sample volume, preservation, and container requirements.  A list of methods and 

target analytes for each sampling media is provided in Table 4.  Soil cleanup standards are provided for 

reference only in these tables. 

 

4.4 GRAB GROUNDWATER SAMPLING PROCEDURES 
 

Grab groundwater samples will be collected where soil borings are advanced without the installation of a 

monitoring well and visual inspection and sheen tests indicate the absence of NAPL.   After the HSA has 

been advanced and the determination not to install a monitoring well has been made, a groundwater 

sample will be collected using a drop-down screen advanced through the HSA flights.   

 

An electronic water level indicator will be inserted into the opening in the auger flights to measure the 

depth to groundwater.  The drop down screen tool will then be inserted into the hole and driven to the 

desired sample depth.  The desired depth will generally be two to three feet below the bottom of the 

borehole.  When the desired depth has been reached, the drive pipe will be lifted slightly to open the inlet 

ports and allow groundwater to enter the sample chamber.  A ¼-inch inert-material tube will be inserted 

into the push rod to the depth of the water-filled screen.  A peristaltic pump will be attached to the end of 

the inert tubing at the surface and water will be extracted through the screen and sampling probe.  Sample 

bottles will be filled with groundwater and sent to an off-site laboratory for analysis.  A list of analyses 

proposed, preservation procedures and sample volumes, target analytes, expected levels of quantitation 

for each sampling media and analysis, and total numbers of samples proposed are provided in Table 4 and 

Appendix D.  

 

4.5 MONITORING WELL INSTALLATION PROCEDURES 
 

A licensed subcontractor will install monitoring wells using HSA methods.  Monitoring wells will be 

constructed of 2-inch, polyvinyl chloride (PVC) casing with 0.010-inch factory-slotted screens.  The 

anticipated screen length will be 10 feet or less.  However, final well screen lengths will depend on the 

thickness of the water bearing zone and total depth of the borehole.  Planned borehole depth is 

approximately 20-40 feet, depending on the depth of bedrock at that location and field observations.   
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The bottom of each well will be sealed with flush-threaded end cap.  Screen materials shall be installed to 

ensure that the wells are plumb and correctly aligned.  The monitoring well will be installed directly 

through the auger flights to prevent borehole collapse.  Once the well is in place, the drive casing will be 

removed while simultaneously placing the filter pack around the screened interval.  The filter pack will 

consist of 10-20-mesh sand.  Depth to the top of the filter pack will be two feet above the screened 

interval.  An annular seal of bentonite-slurry grout or granular bentonite will be placed from the top of the 

filter pack sand to the ground surface.  If granular bentonite is used, it will be hydrated with potable water 

after emplacement.  The monitoring wells will be completed at the surface with flush-mounted well vaults 

secured with concrete.  Locking ‘J’-plugs with locks will be inserted into the top of the monitoring well 

casing to prevent tampering. 

 

4.6 MONITORING WELL SAMPLING PROCEDURES 
 

Groundwater samples will be collected from the 20 new monitoring wells using an adjustable flow-rate 

pump following Tetra Tech SOP 015.  The intent of this procedure is to minimize turbidity of the water in 

the well and in the formation by maintaining laminar (non-turbulent) flow.  The purpose of minimizing 

turbidity is to limit mobilization of colloids and volume of total suspended solids.  Introduction of 

increased amounts of these naturally suspended particles in the water sample has been proven to 

artificially bias natural concentrations of target compounds and analytes that are sorbed to these particles.  

As pumping commences the field team will collect any product that might be encountered for chemical 

analysis. 

 

An adjustable flow-rate pump will be used to purge water from the well (micropurging).  The water level 

in the well will be monitored during purging to ensure drawdown of less than 0.3 foot.  Temperature, 

turbidity, dissolved oxygen (DO), and pH will be monitored during purging.  Purging will continue until 

these parameters stabilize to within ±1.0 degrees Fahrenheit, ± 10 % for DO and turbidity, and ± 0.1 units 

for pH over three consecutive readings or until three casing volumes have been removed.  Measurement 

data will be recorded on a groundwater sampling data sheet (Appendix B) 

 

Sample collection for groundwater will begin immediately after parameters stabilize. Samples for VOC 

and TPH-p analyses will be collected first, followed by samples for SVOCs, TPH-e, anions, and cations.  

Sample fractions for SVOCs and TPH-e may be combined or split for use should sample volume be an 

issue.  Such changes in the sampling protocols will require prior approval by the project chemist.  Table 3 

presents groundwater sample volume, preservation, and container requirements.  A list of analyses 

proposed, preservation procedures and sample volumes, target analytes, expected levels of quantitation 
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for each sampling media and analysis, and total numbers of samples proposed are provided in Table 4 and 

Appendix D. 

 

4.7 PASSIVE DIFFUSION BAG SAMPLER INSTALLATION PROCEDURES 
 

Passive diffusion bag samplers will be placed within the saturated portion of the south bank of the Cache 

La Poudre River.  The bag samplers will be installed by digging a hole with a motorized posthole digger, 

digging shovel, and/or Maddox near the water’s edge to approximately 1-foot below the saturated soil 

interval.  The sample unit will then be placed in the hole and buried with native fill previously excavated 

from the hole.  The locations will be clearly marked at the ground surface with a wooden stake noting the 

sample location ID and date of placement.   

 

After an equilibration period of approximately 2 weeks, the bag samplers will be carefully removed from 

the bank sediment and sent to a laboratory for VOC analysis (target analytes include naphthalene and 

MTBE). 

 

4.8 OPTIONAL TRENCHING PROCEDURES 
 

If trenching is required, a backhoe will be used to advance one or more trenches to the depth of bedrock  

(Pierre shale).  Barricades and caution tape will be used to create a boundary surrounding trenching 

operations.  Emissions from the trench will be monitored using a PID/FID for the period that the trench is 

open.  If visual inspection and/or PID/FID screening indicates the presence of contamination, one or more 

soil samples may be collected and sent to an off-site laboratory for chemical analysis as determined by the 

project chemist.  The trench lithology will also be described and photographed from the ground surface 

(the trench will not be entered).  After the trench inspection is complete the excavated soils will be 

returned to the trench and compacted at multiple levels using the backhoe bucket to reduce settling.  

Topsoil will be replaced and grass cover reseeded if applicable. 

 

4.9 INVESTIGATION DERIVED WASTE   
 

Investigation derived waste (IDW) generated during this field effort will be handled in accordance with 

the Office of Emergency and Remedial Response (OERR) Directive 9345.3-02, “Management of 

Investigation Derived Waste During Site Inspections,” May 1991 (EPA 1991). 
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5.0 SAMPLING HANDLING AND ANALYSIS 
 

5.1 SAMPLE DESIGNATION  
 

Each sample will be given a unique identification designation.  The unique designation will be associated 

with a specific sampling location.  The designation will be an alphanumeric combination signifying the 

location, sample matrix, and sequential number.  Table 2 lists sample designations and associated 

analyses to be performed on the sample. 

 

5.2 SAMPLE ANALYSIS  

 

All groundwater samples collected from monitoring wells will be analyzed for VOCs by EPA SW-846 

method 8260 (target compounds include naphthalene and MTBE), semi-volatile organic compounds 

(SVOCs) by EPA SW-846 method 8270, TPH-p and TPH-e by EPA SW-846 method 8015M, anions by 

EPA Method for chemical analysis of water and wastes (MCAWW) method 300.0.  Grab groundwater 

samples not collected from monitoring wells will be analyzed for VOCs (including naphthalene and 

MTBE), SVOCs, TPH-p, and TPH-e (Tables 4 and Appendix D).  

 

Quality Assurance/Quality Control (QA/QC) samples will be collected in addition to the field 

groundwater samples listed in Tables 1 and 2.  Additional volume for laboratory matrix spike/matrix 

spike duplicates (MS/MSDs) will be collected at a frequency of 1 per 20 field samples (5%).  Field 

duplicate samples will be collected at a frequency of 1 per 10 field samples (10%), trip blanks for VOC 

analysis will be collected daily with groundwater, soil, or product samples and 1 set shipped per cooler 

carrying samples for VOC analysis.  Equipment rinsate samples collected to assess the effectiveness of 

decontamination procedures will be collected at a frequency of 1 per sampling event (mobilization) for 

the entire suite of analyses.  Rinsate samples will be collected for each piece of drilling or sampling 

equipment used at multiple locations and requiring decontamination.  The actual number of field samples 

and associated QC samples collected will be determined dynamically as work progresses.  The frequency 

requirements for collection of QC samples is shown on Table 2. 

 
Soil samples collected during the drilling phase will be analyzed for VOCs by EPA SW-846 method 8260 

(target compounds include naphthalene and MTBE), SVOCs by EPA SW-846 method 8270, TPH-p, and 

TPH-e by EPA SW-846 method 8015M (Tables 1, 2 4).  Soil samples will also be subject to the QC 

sample frequency requirements provided in Table 2. 
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If free product is encountered during the drilling or sampling phases of the SA, product samples may be 

collected and analyzed for VOCs by EPA SW-846 method 8260 (target compounds include naphthalene 

and MTBE), SVOCs by EPA SW-846 method 8270, TPH-p and TPH-e by EPA SW-846 method 8015M 

(Tables 1, 2, 4). Due to the complexity of the matrix, associated analytical difficulties, and the likelihood 

that sample volume may be limited, QC samples for product will be collected and analyzed at the 

discretion of the field team leader and the project chemist.  If sufficient volume is available, a duplicate 

sample will be collected, however product samples will not be subject to the QC sample frequency 

requirements provided in Table 2. 

 
 
5.3 FIELD QUALITY CONTROL PROCEDURES  
 
The following QC samples will be collected to assist in the evaluation of data quality at the Site in 
accordance with the Quality Assurance Project Plan (QAPP) for the Region 5 Superfund Technical 
Assessment and Response Team (START) (EPA 2003). 
 

• As many as ten trip blanks for VOC analyses will be collected for the site (one for each laboratory 
shipment); 

 
• As many as 3 rinsate blanks (1 per event per piece of equipment) will be collected; 
 
• One duplicate sample per set of 10 field samples collected for water and soil.  
 
• A maximum of seven triple volume samples (five water samples and two soil samples) are expected 

for MS/MSDs (the triple volume samples will not be labeled as separate samples and do not add to 
analytical costs).   

 
All samples will be handled and preserved as described in Tetra Tech SOP 016 (Appendix A) and as 
summarized in Table 3.  
 
Field logbooks will be maintained as described in Tetra Tech SOP 0024 (Appendix A).   
 
All equipment that may come into contact with or pose a threat of cross-contamination will be 
decontaminated between sampling locations according to (Tetra Tech SOP 002, Appendix A).  Sampling 
equipment will be rinsed with available tap water on-site and an alconox solution and then double-rinsed 
with deionized water.  Dedicated or disposable equipment will be used for groundwater sampling to 
minimize potential for cross contamination.  Calibration of the pH, temperature, and conductivity meter 
will follow the manufacturer’s procedures and specifications. 
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5.4 CHAIN OF CUSTODY  
 

Chain-of-custody recording procedures will be used to provide an accurate written record that traces the 

possession of individual samples from the time of collection in the field to the time of acceptance at the 

off-site laboratory.  The chain-of-custody record will also be used to document the samples collected and 

the analyses requested.   

 

6.0 DATA QUALITY, REDUCTION, VALIDATION, AND DELIVERABLES 
 

All laboratory data and electronic data deliverables (EDDs) will be reviewed by the Tetra Tech project 

chemist for consistency and accuracy.  Off-site laboratories procured as part of this SA are required to 

meet the EDD format and content described in Appendix C.  Selected data packages may be validated by 

a third party validation firm at the discretion of the project team and will be determined at a later date by 

the EPA Region VIII On Scene Coordinator.  If required, data validation procedures will follow the 

“National Functional Guidelines for Organic Data Review” (EPA 1999) and the “National Functional 

Guidelines for Inorganic Data Review” (EPA 2002). 

 

6.1 DATA QUALITY OBJECTIVES  
 

Data Quality Objectives (DQOs) are used to identify the quantity and quality of data to be collected to 

support the objectives of the SA at the Fort Collins Aztlan Center site.  Table 5 summarizes the DQOs for 

the project.   

 

Guidance for the preparation of DQOs is provided in “Guidance for the Data Quality Objectives Process” 

(EPA 2000). The seven steps of the DQO process are: 
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Step 1: State the Problem 

 

During this portion of the process, the overall problem to be addressed during the project is stated.  For 

this SA the EPA seeks to identify source areas and potential pathways for mobile NAPL reaching the 

Cache La Poudre River and to further refine the CSM for the site.  Secondary considerations include 

estimating the extent of PCE contamination up gradient and in the vicinity of the landfill, identifying 

extent and source areas for gasoline/MTBE, and collecting data that will aid in a remedial investigation/ 

feasibility study (RI/FS) if required.  Table 5 provides a summary of the DQO process and project 

specific inputs for this SA. 

 

Step 2: Identify the Decision 

 

During this portion of the process detailed decisions are identified, which need to be answered in order to 

meet project objectives (Table 5).  For example, is there an ongoing source of mobile NAPL extending 

from the site to the impacted areas in the Cache La Poudre River?  If there is an ongoing source of mobile 

NAPL, what preferential pathways may the contamination be following? Are there source areas and what 

is the extent of PCE, gasoline, and MTBE upgradient and within the landfill?  These types of decisions 

form the basis for sampling design and data collection efforts. 

 

Step 3: Identify the Inputs to the Decision. 

 

Based on the decisions identified in Step 2, necessary inputs are identified.  For example, a geophysical 

survey using GPR or potentially seismic refraction (SR) and electrical resistivity will be conducted to 

better define the bedrock surface and to identify potential source areas or the presence of preferential 

pathways such as bedrock fractures, subsurface channels in alluvium, or underground pipelines.  In 

addition to the geophysical survey, a passive soil gas survey will be conducted to identify potential 

contaminant source areas, facilitate the delineation of groundwater contaminant plumes, provide 

information on discrete contaminant pathways, and provide data on the lateral distribution and types of 

contaminants present in the vadose zone.  Limited groundwater grab sampling and soil sampling will be 

conducted during the drilling and monitoring well installation phase to further refine the CSM and 

evaluate potential source areas and contaminant transport pathways.  Monitoring wells will be installed 

and groundwater samples and flow measurements collected to further refine the CSM, further delineate 

existing dissolved contaminants in site groundwater, evaluate potential contamination leaving the site, and 

provide future sampling points for RI/FS activities.   Finally, the passive diffusion bag samplers will be 
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installed and optional trenching may be employed to evaluate potential persistent contaminant discharge 

locations to the river, evaluate the presence of preferential pathways, and to further characterize 

subsurface conditions and refine the CSM for the Site.    

 

Step 4: Define the Study Boundaries. 

 

Based on the decisions identified in Step 2 of the DQO process study, boundaries are identified to further 

focus sampling and analysis efforts.  The lateral extent of the study area encompasses the Aztlan Center 

property along the River from the railroad truss to the north to Linden Street to the south and east to 

Willow Street.  The study boundaries may extend beyond the property boundaries during the geophysical 

survey to delineate the extent of the historical landfill on site.  The vertical boundary of the study is from 

ground surface to a depth of 25 feet below the bedrock interface (Table 5).  Temporal study boundaries 

include expectations that scheduled SA activities will be completed in February through April of 2004. 

 

Step 5: Develop a Decision Rule 

 

Decision rules or if, then statements are developed that correspond with each major decision identified in 

Step 2 of the DQO process.  Decision rules generally apply when making statements associated with risk 

estimation.  Because this investigation targets primary pathway and plume delineation, decision rules are 

more basic.  For example, if a preferential pathway, or product is evident in the soil gas and geophysical 

survey, then a boring will be installed to confirm the presence or absence of a preferred pathway and/or 

product.  Decision logic planned for the dynamic field activities associated with this SA is presented in 

Attachment 2.   

 

Step 6: Specify Limits on Decision Errors 

 

In Step 6 of the DQO process the tolerable limits on decision error are established.  For this project, 

tolerable levels of decision error will be established once decision rules based on the presence or absence 

of mobile NAPL are developed.  This project is currently in the SA phase where the project team will 

attempt to identify source areas and preferential pathways for contaminant migration at the site and 

decision errors are not necessary to meet project objectives.   Development of tolerable decision errors 

will be based on data collected during the TBA and the SA and will continue to be refined as more data is 

collected.   
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Step 7: Optimizing the Design 

 

During Step 7 of the DQO process, methods for optimization of the sampling and analysis design are 

identified.  Optimization of the sampling and analysis design for this SA will be done through the use of a 

geophysical survey and passive soil gas analyses to assist in locating drilling and sampling locations with 

the greatest likelihood of identifying source materials and preferential pathways for contaminant 

transport.   Additionally, data obtained from the passive diffusion bag samplers may be used to identify 

areas where exploratory trenching would provide additional contaminant delineation or assist in 

identifying preferential contaminant transport pathways to further refine the CSM. 

 

For certain portions of the project real-time data is needed to optimize the sampling and analytical 

program design while in the field.  Sampling decision logic is presented in Attachment 2. 

 

6.2 DATA QUALITY ASSESSMENT  
 

Data Quality Assessments (DQA) are prepared to document the overall quality of data collected in terms 

of the established DQOs. The data assessment parameters calculated from results of the field 

measurements and laboratory analyses are reviewed to ensure that all data used in subsequent evaluations 

are scientifically valid, of known and documented quality, and where appropriate, legally defensible. The 

goal of the DQA is to present the findings in terms of data usability.   

 

The major components of a DQA are presented below and show the progression of the assessment leading 

to determination of data usability: 

 

• Data validation or data review, as appropriate, for all sample delivery groups by a chemist 
 

• Description of the procedures used to further qualify data from laboratory issues related to dilution, 
reanalysis, duplicate analysis of samples, etc. 
 

• Evaluation of QC samples such as field blanks, trip blanks, equipment rinsates, field replicates, and 
laboratory control samples to assess the quality of the field activities and laboratory procedures 
 

• Assessment of the quality of data measured and generated in terms of precision, accuracy, 
representativeness, completeness, and comparability throughout the examination of laboratory and 
field control samples in relation to objectives established 
 

• Summary of the usability of the data, based upon the assessment of data conducted during the 
previous steps. Sample results for each analytical method are unqualified or qualified as estimated or 
rejected.  Estimated data are useable for all purposes, while rejected data are not useable for any 
purpose 
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6.3 DATA ASSESSMENT ACCEPTANCE CRITERIA  
 

Data acceptance criteria for each of the five data assessment parameters (accuracy, precision, 

completeness, representativeness, and comparability) are expressed as quantitative and qualitative 

statements and are detailed below. 

   

6.3.1 Precision  
 

Precision is a measure of mutual agreement among replicate (or between duplicate) or collocated sample 

measurements for the same analyte.  The closer the numerical values of the measurements are to each 

other, the more precise the measurement. Precision for a single analyte will be expressed as the relative 

percent difference for results of field replicate samples, matrix spike duplicate samples for organic 

analyses, and duplicate samples for inorganic analyses. In addition, precision will be maintained by 

conducting routine instrument checks to demonstrate that operating characteristics are within 

predetermined QC limits.  The exact limits required for decision making purposes for precision will be 

established based on a review of analytical results and there relationship to decision criteria which may or 

may not be related to an action level or the result of a statistical test.  In general the data obtained will be 

qualified in accordance with the requirements of the Contract Laboratory Program (CLP) and the need for 

corrective action based on poor precision in the field will be made by the project chemist. 

 

6.3.2 Accuracy  
 

Accuracy is a measure of precision and the bias in a measurement system.  The closer the value of the 

measurement agrees with the true value, the more accurate the measurement.  Accuracy will be expressed 

as the percent recovery of the analyte from a surrogate or matrix spike sample and occasionally from the 

analysis of a standard reference sample compared to actual analyte concentration.  Bias of the field 

measurement will be evaluated during the demonstration of methods applicability and any bias accounted 

for as the data is obtained and evaluated by the project chemist. 

 

6.3.3 Representativeness  
 

Representativeness is a qualitative parameter that expresses the degree to which sample data accurately 

and precisely represent a characteristic of a population, parameter variations at a sampling point, or an 

environmental condition.  The design of and rationale for the sampling program (in terms of the purpose 

for sampling, selection of sampling locations, the number of samples to be collected, the ambient 
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conditions for sample collection, the frequencies and timing for sampling, and the sampling techniques) 

ensure that environmental conditions have been sufficiently represented.  Real-time measurements will 

evaluated using standard methods for data analysis to assess the variance in the reported result relative to 

the project decisions being made.  If it is determined that additional data is needed to assure the 

representativeness of project decisions, recommendations will be provided as part of the preparation of 

the final results report. 

 

6.3.4 Completeness  
 

Completeness is a measure of the number of valid measurements obtained in relation to the total number 

of measurements planned. The closer the numbers are, the more complete the measurement process will 

be. Completeness will be expressed as the percentage of valid-to-planned measurements. An objective of 

the field sampling program is to establish the quantity of data needed to support the investigation.  This 

will be achieved by obtaining environmental samples for all types of analyses required at each individual 

location. A sufficient volume of sample material will be collected to complete the analyses so that 

samples represent all contaminant situations under investigation.  Samples may also be collected to obtain 

other critical data, such as background and quality control.  Completeness will take into consideration 

environmental conditions and the potential for change with respect to time and location.  The general goal 

for completeness for this project is 90 percent. 

 

6.3.5 Comparability  
 

Comparability is a qualitative parameter expressing the confidence with which one data set can be 

compared to another.  Data sets will be compared only when precision and accuracy meet the specified 

acceptance criteria to be established through the methods applicability study. Samples will be collected 

and analytical sample results will be reported according to standard procedures and methods in order to be 

comparable with other similar measurement data and sample results.  The comparability goal will be 

achieved through the use of SOPs to collect and analyze representative samples, and by reporting 

analytical results in appropriate and consistent units.  Each analytical procedure selected from among the 

acceptable options will be used throughout the project unless a rationale is provided for an alteration. In 

essence, comparability will be maintained by consistency in sampling conditions, selection of sampling 

procedures, sample preservation methods, analytical methods, and data reporting units. 
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1.0     BACKGROUND

All nondisposable field equipment must be decontaminated before and after each use at each sampling

location to obtain representative samples and to reduce the possibility of cross-contamination.

1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for decontaminating

equipment in the field.  

1.2 SCOPE

This SOP applies to decontaminating general nondisposable field equipment.  To prevent contamination of

samples, all sampling equipment must be thoroughly cleaned prior to each use.

1.3 DEFINITIONS

Alconox:  Nonphosphate soap

1.4 REFERENCES

U.S. Environmental Protection Agency (EPA).  1992.  “RCRA Ground-Water Monitoring: Draft Technical
Guidance.  Office of Solid Waste.  Washington, DC.  EPA/530-R-93-001.  November.

EPA.  1994.  “Sampling Equipment Decontamination.”  Environmental Response Team SOP #2006 (Rev.
#0.0, 08/11/94).  On-Line Address:  http://204.46.140.12/media_resrcs/media_resrcs.asp?Child1=

1.5 REQUIREMENTS AND RESOURCES

The equipment required to conduct decontamination is as follows:

• Scrub brushes
• Large wash tubs or buckets
• Squirt bottles
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• Alconox
• Tap water
• Distilled water
• Plastic sheeting
• Aluminum foil
• Methanol or hexane
• Dilute (0.1 N) nitric acid

2.0     PROCEDURE

The procedures below discuss decontamination of personal protective equipment (PPE), drilling and

monitoring well installation equipment, borehole soil sampling equipment, water level measurement

equipment, and general sampling equipment.

2.1 PERSONAL PROTECTIVE EQUIPMENT DECONTAMINATION

Personnel working in the field are required to follow specific procedures for decontamination prior to

leaving the work area so that contamination is not spread off-site or to clean areas.  All used disposable

protective clothing, such as Tyvek coveralls, gloves, and booties, will be containerized for later disposal. 

Decontamination water will be containerized in 55-gallon drums.

Personnel decontamination procedures will be as follows:

1. Wash neoprene boots (or neoprene boots with disposable booties) with Liquinox or
Alconox solution and rinse with clean water.  Remove booties and retain boots for
subsequent reuse.

2. Wash outer gloves in Liquinox or Alconox solution and rinse in clean water.  Remove
outer gloves and place into plastic bag for disposal.

3. Remove Tyvek or coveralls.  Containerize Tyvek for disposal and place coveralls in plastic
bag for reuse.

4. Remove air purifying respirator (APR), if used, and place the spent filters into a plastic
bag for disposal.  Filters should be changed daily or sooner depending on use and
application.  Place respirator into a separate plastic bag after cleaning and disinfecting.

5. Remove disposable gloves and place them in plastic bag for disposal.
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6. Thoroughly wash hands and face in clean water and soap.

2.2 DRILLING AND MONITORING WELL INSTALLATION EQUIPMENT
DECONTAMINATION

All drilling equipment should be decontaminated at a designated location on-site before drilling operations

begin, between borings, and at completion of the project.

Monitoring well casing, screens, and fittings are assumed to be delivered to the site in a clean condition. 

However, they should be steam cleaned on-site prior to placement downhole.  The drilling subcontractor

will typically furnish the steam cleaner and water.

After cleaning the drilling equipment, field personnel should place the drilling equipment, well casing and

screens, and any other equipment that will go into the hole on clean polyethylene sheeting.

The drilling auger, bits, drill pipe, temporary casing, surface casing, and other equipment should be

decontaminated by the drilling subcontractor by hosing down with a steam cleaner until thoroughly clean. 

Drill bits and tools that still exhibit particles of soil after the first washing should be scrubbed with a wire

brush and then rinsed again with a high-pressure steam rinse.

All wastewater from decontamination procedures should be containerized.

2.3 BOREHOLE SOIL SAMPLING EQUIPMENT DECONTAMINATION

The soil sampling equipment should be decontaminated after each sample as follows:

1. Prior to sampling, scrub the split-barrel sampler and sampling tools in a bucket using a
stiff, long bristle brush and Liquinox or Alconox solution.

2. Steam clean the sampling equipment over the rinsate tub and allow to air dry.

3. Place cleaned equipment in a clean area on plastic sheeting and wrap with aluminum foil.

4. Containerize all water and rinsate.



Tetra Tech EM Inc. - Environmental SOP No. 002 Page 4 of 4
Title: General Equipment Decontamination Revision No. 2, February 2, 1993

Last Reviewed: December 1999

5. Decontaminate all pipe placed down the hole as described for drilling equipment.

2.4 WATER LEVEL MEASUREMENT EQUIPMENT DECONTAMINATION

Field personnel should decontaminate the well sounder and interface probe before inserting and after

removing them from each well.  The following decontamination procedures should be used:

1. Wipe the sounding cable with a disposable soap-impregnated cloth or paper towel.

2. Rinse with deionized organic-free water.

2.5 GENERAL SAMPLING EQUIPMENT DECONTAMINATION

All nondisposable sampling equipment should be decontaminated using the following procedures:

1. Select an area removed from sampling locations that is both downwind and downgradient. 
Decontamination must not cause cross-contamination between sampling points.

2. Maintain the same level of protection as was used for sampling.

3. To decontaminate a piece of equipment, use an Alconox wash; a tap water wash; a solvent
(methanol or hexane) rinse, if applicable or dilute (0.1 N) nitric acid rinse, if applicable; a
distilled water rinse; and air drying.  Use a solvent (methanol or hexane) rinse for grossly
contaminated equipment (for example, equipment that is not readily cleaned by the
Alconox wash).  The dilute nitric acid rinse may be used if metals are the analyte of
concern.

4. Place cleaned equipment in a clean area on plastic sheeting and wrap with aluminum foil.

5. Containerize all water and rinsate.
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