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1.0   INTRODUCTION

Tetra Tech EM Inc. (Tetra Tech) was tasked by the U.S. Environmental Protection Agency (EPA)

Region 8, under Contract Number 68-W-00-129, TDD S05-0310-016, to oversee and support the

Nonaqueous Phase Source Investigation (SI) conducted by Xcel Energy and subsidiary Public Service

Company of Colorado (PSCo) at the Poudre River SI site in Fort Collins, Larimer County, Colorado. 

The purpose of this SI was to identify the presence or absence of an ongoing source of nonaqueous phase

liquid (NAPL) contamination to environmental media in and surrounding the Cache La Poudre River at

the Poudre River SI site in Fort Collins, Colorado (Figure 1 .  The area of interest extended from the

general area near existing monitoring well BTH-15 north along the riverbed to the railroad trestle (Figure

13).  The specific boundaries of this SI are discussed in more detail in Section  of this document.

The EPA On-Scene Coordinator (OSC) for the project was Paul Peronard.  The RETEC Group, Inc.

(RETEC), is the managing consultant to PSCo, and all activities under this SI conducted by PSCo were

managed by RETEC.  Tetra Tech was the environmental consultant that provided technical oversite of

RETEC to EPA under the direction of the OSC.  Jarrett Laraway was the Tetra Tech project manager

for technical oversight and support to EPA.  John Yerton of Tetra Tech provided the majority of technical

oversight in the field and was the Tetra Tech task manager for the Poudre River SI.

1.1 REPORT ORGANIZATION 

This report contains the following sections:

• 2.0 Provides the site description and history

• 3.0 Provides details on site preparation 

• 4.0 Summarizes the bedrock investigation and results

• 5.0 Summarizes the NAPL source investigation

• 6.0 Summarizes restoration of the Cache La Poudre River

• 7.0 Provides a list of references cited in this report

2.0   SITE LOCATION AND DESCRIPTION
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The Poudre River SI site is located at 112 Willow Street in Fort Collins, Colorado.  The site is located in a

commercial area and comprises approximately 19 acres, which includes the Fort Collins Aztlan

Community Center, 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 and Pine

Streets (  and 3).

A former landfill of 5 acres lies mostly within the boundaries of the site.  Soil borings (landfill debris in

core samples) completed north of the site during the investigation indicated that the boundaries of the

landfill are farther north, across the railroad tracks.  Previous investigations by WALSH Environmental

Scientists and Engineers (WALSH) document landfill debris to be between 9 to 14 feet thick, covered by

1 to 3 feet of silty clay (WALSH 2001b).

2.1 SITE HISTORY AND PREVIOUS INVESTIGATIONS

A municipal landfill owned and operated by the City of Fort Collins covers most of the site.  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 Environmental Site Assessment (ESA)

(WALSH 2001a) indicate the landfill was in operation by 1941.  The landfill was not gated, and  the waste

was not monitored for content prior to disposal.  Wastes were open-burned at the landfill until the early

1960s, when it was closed and covered with 1 to 3 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

in the first three decades of the twentieth century, until approximately 1930.  The plant manufactured gas

from coal and possibly oil using a carbureted water gasification method.  Two gasholders (49.5 and 52

feet in diameter) were present at the site in the 1930s.  One tar pit of unknown size allegedly was located

north of the smaller, western gas holder.  The aboveground portion of the western gasholder was

removed before 1941.  The second gasholder is thought to have been removed in 1966 (Walsh 2001a).  

Two buildings have been built on the former landfill.  The Fort Collins Aztlan Center was built in 1973, and

the United Way building was built in 1985.  Both buildings are equipped with methane monitoring systems. 

Methane alarms have been triggered in each system, but subsequent testing for methane indicated the

alarms were not caused by actual methane intrusion. 
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Under the Fort Collins Downtown River Corridor Implementation Program, redevelopment plans for the

site include building a new 50,000-square-foot, multi-generational recreation center.  Official closure of

the old city landfill is necessary before redevelopment can proceed.

Previous investigations have summarized analytical results for samples historically collected at the site.

Methane gas surveys were conducted at the landfill for the city in 1977 and 1979 by GeoTek, Inc., and

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

percent gas in 21 boring locations.  The 1979 survey detected methane in four out of 27 boreholes.  These

detections ranged from 5 to 62 percent of the lower explosive limit (LEL) for methane, which is 5 to 15

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 Public Health and the Environment (CDPHE) reported that limited sampling

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

analyzed for metals, semivolatile organic compounds (SVOCs), and volatile organic compounds (VOCs)

(WALSH 2001b).  Groundwater was sampled in 1995 from monitoring wells MW-1, MW-2, and MW-3

(Figure 3).  The sample from MW-1 contained approximately 3,600 micrograms per liter (:g/L) of

naphthalene, 27 :g/L of benzene, and 1,400 :g/L of xylene and other hydrocarbons.  Monitoring well

MW-1 is located on the southern boundary of the former gas plant site.  In addition, chromium was

detected in groundwater from monitoring wells MW-1, MW-2, and MW-3 at concentrations ranging from

1,130 to 1,250 :g/L (WALSH 2001b).

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

encountered during construction of the Burlington Northern Sante Fe railroad spur line (Stewart

Environmental Consultants, Inc. [Stewart] 1996).  The underground portion of the gasholder was 10.5 feet

deep and was filled with coal tar and coal tar-contaminated soil.  The contents of this gasholder were

removed in 1996 by the city under the CDPHE Voluntary Cleanup Program.  The intact underground

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

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

contaminated soil west, south, and east of the gasholder was removed to depths of 3 to 4 feet below

ground surface (bgs).  In addition, three test pits were excavated at locations immediately south and east

of the gasholder.  Soil that contained coal tar and creosote, as well as green and blue-green stained soil
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layers was observed in these test pits.  Coal tar and other organic compounds were also visible in

groundwater encountered in the test pits.  Contaminated soil below 4 feet bgs and groundwater were not

remediated as part of the gasholder action (WALSH 2001b; Stewart 1996).

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.  Well MW-12 is located downgradient of the location of the former gasholder

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

Groundwater samples 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 from well 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 9 feet bgs from a

sanitary sewer excavation located on the south side of Willow Street.  This excavation is adjacent to the

property owned by Schrader Oil Company, which includes part of the property where the PVG Company

was previously located.  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 polycyclic

aromatic hydrocarbons (PAHs), total metals in soil, and dissolved metals in groundwater.  PAHs were

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

three locations (WALSH 2001b).

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

downgradient of the PVG plant on the Fort Collins Aztlan Center property (WALSH 2001b).  The nature

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

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 present at or above method

reporting limits in soil and groundwater on the city’s property.  Detected contaminants were found

primarily between the locations of the Fort Collins Aztlan Center, the United Way building, and the

previous location of the eastern most former gasholder (south of Willow Street).  These contaminants are
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discussed in more detail in Section 2.7.  A groundwater plume of potential coal tar-related compounds

was identified extending north from Willow Street at least 500 feet onto city property (WALSH 2001a,

2001b, 2001c, 2001d, 2001e, 2002a, 2002b).

Schrader Oil, (owner of the previous location of the manufactured gas plant) is conducting ongoing

monitoring and remediation as part of the Colorado Department of Labor and Employment (CDLE)

Division of Oil and Public Safety (OPS) Corrective Action Plan.  This work is the result from a 1994

leaking underground storage tank (UST) and a plume of gasoline in groundwater.  The plume of gasoline

is located on the southern portion of the Poudre River Site and north of the Schrader facility (Paragon

Consulting Group [Paragon] 2002).

In September 2002, an oily sheen was noticed on the Poudre River near the south bank, in line with the

axis of the identified plume of potential coal tar-related compounds.  A sample of the oily water

was collected on September 24, 2002.  Several PAHs were detected at low levels in the samples

(WALSH 2003).  A sample of the product was collected from the bottom of the Cache La Poudre River

by URS Operating Services, Inc. (UOS), on February 5, 2003.  The product was black/dark brown,

viscous, and appeared to have a high surface tension while under water.  When it was disturbed, the

NAPL dispersed into an oily sheen that rose to the surface.  Analytical results document that the product

is chemically consistent with products associated with the PVG plant (WALSH 2002b; UOS 2003), and

the results for several product samples are compared in detail in the Petroleum Fingerprinting Analysis

Memorandum located in Appendix D of this document.  Analytical results also indicated the presence of

both chlorinated solvents and pesticides; however, the results for these constituents were heavily qualified

and may be reliable.  

In May 2003, EPA directed Tetra Tech to prepare and implement a field sampling plan (FSP) for the site

under the Brownfields Technology Support Center.  As part of this work, Tetra Tech advanced 50 soil

borings and installed 15 groundwater monitoring wells.  Subsequent groundwater samples were collected

at these wells and also at 17 additional wells on site.  Additionally, Tetra Tech collected soil samples and

product samples from the soil borings where contamination was observed.  Analytical results revealed the

presence of chlorinated solvents and PAHs in groundwater.  Additionally, product samples were collected

from locations on-site, along the downgradient edge of the site bordering the Cache La Poudre River, and

within the sediments of the Cache La Poudre River.  The product collected was black/dark brown,
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viscous, and appeared to have a high surface tension while under water.  Analytical results indicate the

product is chemically consistent with products associated with the former PVG plant.

In October 2003, EPA issued TDD S05-0310-016 to Tetra Tech to prepare another FSP for a site

assessment at the Poudre River Site (Tetra Tech 2004).  

The project and related activities described in the FSP were designed to:

(1) Identify potential pathways and source areas for free product and NAPL identified in the Cache
La Poudre River adjacent to the site.

(2) Investigate whether tetrachloroethene (PCE) previously identified in the vicinity of the landfill is
affecting the water quality of the Cache La Poudre River.

(3) Obtain data to refine the conceptual site model (bedrock surface, alluvial thickness, landfill
thickness, and bedrock lithology).

(4) Facilitate identification of the extent and the source areas for gasoline and methyl tertiary-butyl
ether (MTBE) contamination in groundwater at the site.

(5) Generate data to support design and implementation of a remedy at the site.

The sampling program included use of passive soil gas sampling to (1) identify sources of contaminants;

(2) delineate contaminant plumes in groundwater; (3) provide information on likely contaminant pathways,

and (4) obtain data on the lateral distribution and the types of contaminants present in the vadose zone.  A

geophysical survey was conducted using ground penetrating radar (GPR) to better define the extent of the

landfill and the configuration of the bedrock surface (Pierre Shale).  After the soil gas and geophysical

data were analyzed, strategic soil borings or monitoring well locations (or both) were identified, and hollow

stem auger (HSA) borings were advanced to the depth of the bedrock (Pierre Shale) and into the

bedrock.  These borings were advanced to collect soil samples, identify the depth to bedrock, locate and

sample monitoring wells, and evaluate contaminant migration in the subsurface.  Additionally, passive

diffusion bag samplers were deployed in the riverbank along the border of the site to evaluate any

potential contaminant discharges to the Cache la Poudre River from the site.  The findings of these

investigations are not complete and will be discussed in the site assessment final report.

3.0   SITE PREPARATION



7B:\Project\EPA\Poudre River\Poudre River Source Investigation\Reports\Draft AAR\Final AAR\Final AAR.wpd

system at the site.  Other site preparations included:  

• Surveying the site for elevation data

• Location and identification of on-site surface utilities

• Mobilization of office trailers, heavy equipment, and supplies to the site

• Installation of temporary electrical service for trailers, air monitors, and water treatment
facilities

• Installation of temporary chain-link fencing around the site perimeter and high-visibility plastic
fencing around exclusion zones

• Installation of air monitoring stations and baseline data collection

  Tetra Tech provided technical oversight to EPA during all phases of site preparation.

3.1 UTILITY CLEARANCE AND SITE CLEARING

Before field activities began, all underground utilities were identified and marked on the site.  Portions of

the site were cleared to facilitate the assessment.  Roads, earthen dams, dewatering areas and sumps,

pump stations, and the water treatment facility were built.

3.2 RIVER DIVERSION

(Figure 2)   

A temporary earthen dam with a high-density polyethylene (HDPE) liner was used to contain upstream

flow from the area of excavation and reconstruction.  A pump station with two 12-inch pumps was set up

to divert upstream flow 200 feet downstream of the excavation and reconstruction area.  One 12-inch
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pump was in operation during the investigation; the other was used only in emergency overflow.  A

secondary earthen diversion dam with HDPE liner and sump with an 8-inch pump was constructed

downstream of the excavation to manage groundwater infiltration and backwater river flow.  In addition,

absorbent booms were placed downstream from the second diversion dam and the HDPE discharge point

to help contain any potential contaminant releases (Figure 2).

Contamination may have been released on three occasions during the river diversion portion of the field

effort.  On February 23, 2004, a diesel spill (approximately 2 to 3 gallons) was noticed.  Diesel leaked

from the excavator fuel tanks onto the ground while the equipment was parked in the river bed adjacent to

the 12-inch diversion pumps.  Approximately 6 cubic yards of contaminated sediment were removed and

held in the stockpile area.  

On March 5, 2004, a water main broke as a result of construction on College Avenue.  The water from

the broken main drained into a storm sewer which then discharged into the river via a storm water outfall

above the primary diversion dam.  Both 12-inch pumps were used to manage the additional volume of

water and divert it around the investigation area, which created significant turbidity problems at the

discharge area below the secondary diversion dam.  

On March 9, 2004, the 8-inch dewatering pump at the secondary diversion was vandalized.  The oil line

was cut and approximately 4 quarts of oil were sprayed onto the pump, the containment berm, and into the

river.  Absorbent pads and booms were put in place to mitigate the release.  The pump was inoperable

during the night and the river backed up into the excavation area. 

3.3 WATER TREATMENT

  Four types of water were treated

during sediment removal, including: (1) water removed during sediment dewatering and trenching,        

(2) liquid runoff from the excavated sediment, (3) investigation-derived waste from groundwater sampling,

and (4) decontamination water from drilling.  Water was collected, treated, and then released into the
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publically owned treatment works (POTW) through a sanitary sewer manhole southeast of the United

Way building (Figure 2). 

The total amount of  water treated during the Poudre River SI was approximately 516,000 gallons.

Costs charged by the city were:

      Permit fee = $76.00

      Monthly base fee = $646.59/month

      Volume charge = $1.66526/1,000 gallons

No efforts were needed to recharge or exchange any of the filter material (granular activated carbon or

organoclay filters).  The particulate bag filters occasionally clogged and needed replacement (more

frequently during pumping from the seep excavation area, where more NAPL was encountered).

3.4 OTHER SITE PREPARATIONS

In addition to stream diversion and water treatment, other tasks were performed to prepare the site for

field activities.  Elevation survey data was collected and recorded prior to field activities.  Surface utilities

(such as sprinkler systems) were located and identified using unique identifiers (specific-colored spray-

paint) to avoid damage or disturbance during field activities.  The site trailer, which served as the

command post during field activities, was mobilized to the site along with heavy equipment and other

various supplies.  Once on-site, the trailer was set up to facilitate field activities.  Other items such as

portable restrooms, water coolers, and garbage receptacles were brought to the site.  A temporary

electrical supply system was established to provide power to the site trailer, water treatment system, and

to satisfy any other electrical needs.  The site was secured using chain-link fencing which limited access

to the site.  Exclusion zones were bound using high-visibility plastic fencing, and signs were posted to alert

citizens of these exclusions zones.  Air monitoring stations were set up, and baseline data collected prior

to field activities.  Baseline data were used to monitor organic vapor concentrations during field work. 

4.0   BEDROCK INVESTIGATION
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RETEC developed and implemented a bedrock investigation that was in addition to the original SI work

plan developed by Tetra Tech.  Tetra Tech provided technical oversight to EPA during all phases of the

bedrock investigation.  Four soil borings were going to be used initially to evaluate the extent of NAPL

within the riverbed; however, 20 borings were added during the investigation.

4.1 SITE GEOLOGY

The site lies in the northeast 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 the Broadway Alluvium from the Pinedale Glaciation, Pleistocene.  The thickness of the

alluvium ranges from 5 to 15 feet and is further underlain by Pierre Shale bedrock present at a depth of

between 16 to 21.5 feet bgs.  The southwestern portion of the site primarily consists of Broadway

Alluvium from the Pinedale Glaciation, Pleistocene, and the Cretaceous Pierre Shale.  

Post-Piney Creek Alluvium is identified regionally and 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 to 15 feet, with floods occasionally covering this unit.  However, the Post-

Piney Creek Alluvium was not observed along the river channel banks based on borings completed along

the river during this investigation.

Broadway Alluvium is described as gravel and sand deposited by the South Platte River and its tributaries. 

 The alluvium is well sorted and well stratified; size analysis indicates that the average size distribution is

50 percent pinkish well graded sand, 25 percent coarse gravels, and 25 percent cobbles.  Locally, the

basal portion of this unit contains about 2 to 3 feet of saturated thickness.  

The Pierre Shale formation locally has been subdivided into two distinct members on the basis of lithology

and stratigraphic position.  The shale member is described as a gray concretionary silty shale.  It typically

is very weathered with secondary mineralization, mottling, with fractures and jointing that typically

decrease with depth.  The sandstone member is described as a friable sandstone, containing thin-bedded

sandy shale and large calcareous concretions with minor bedding plane fractures and jointing.
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4.2 SOIL BORINGS

Twenty-four soil borings were advanced using an HSA drill rig with 4.25-inch diameter auger flights

equipped with a split-spoon sampling barrel (Figure 3).  All boreholes were continuously cored to the total

depth of each boring.  The entire core was logged for lithologic description and screened with a

photoionization detector and flame ionization detector (PID/FID) for VOCs.  Well construction and

borehole logs were recorded for each boring and are presented in Appendix A.  In addition to lithology

and structure, any contaminant-related features such as odor, staining, or unusual solid constituents such

as manmade debris were noted on the logs.  All borings where contamination was encountered were

advanced to a depth of 10 feet past the last observed contamination, with the exception of PRBB-16 and

PRBB-21, which reached refusal before this depth could be achieved.

The 4.25-inch auger flights were pulled from the boring and larger diameter auger flights (10.25-inches in

diameter) were advanced to approximately 1 foot into bedrock using the same boreholen locations where

pooled NAPL was encountered at the bedrock surface (PRSB-2, 3, 4, 8, 9, and PRBB-5) .  The augers

were pulled back, and approximately 2 bags of granular bentonite were poured through the auger flight

and hydrated to create a plug to prevent possible down-hole migration of contaminated fluids.   The

larger-diameter flights were left in place, acting as a temporary surface casing, and the 4.25-inch auger

was advanced though them to the total depth of the boring.  This protocol was followed when NAPL was

encountered at the alluvium/bedrock interface, with the exception of location PRSB-1, where the borehole

was advanced to depth with the 4.25-inch augers only.  

Several geologic cross sections were developed based on elevation survey data and borelog information

used to describe geologic and hydrologic features and the vertical and horizontal extent of contamination

(Figure 4 through Figure 10).  Cross sections A-A’, B-B’, and C-C’ are orientated parallel to the river

channel and show geologic relationships on the southwest riverbank (A-A’), within the river channel (B-

B’), and in the Gustov Swanson Natural area (C-C’).  Cross sections  D-D’, E’-E, and F-F’ are

orientated perpendicular to the river channel and show geologic relationships from the landfill area across

the river into the Gustov Swanson Natural area.  These cross sections are based on best professional

judgement using data available, and the geology presented was generalized to show the major lithographic

units.  The thickness and extent of the lithologic units are approximated, and the geologic contacts

between locations are inferred.
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NAPL impacts were observed in the alluvium and within several distinct intervals of bedrock fractures

and bedding planes in three borings in the river channel itself (PRSB-01, 02, and 09).  Borings PRSB-08,

03, and 04 showed NAPL impacts only within several distinct intervals of bedrock in individual fractures

and bedding planes.  

On the northeast riverbank, NAPL sheen and staining were observed in bedrock at 23 feet bgs within

several bedding planes.  A faint petroleum odor was also observed at 26.5 feet bgs in boring PRBB-16.  

NAPL impacts were not observed in borings PRBB-14, 15, and 23.  

Nine borings were advanced along the southwest riverbank.  Borings PRBB-10, 12, 6, 7, and 21 all

showed NAPL impacts only within several distinct intervals of bedrock fractures and bedding planes.  

Borings PRBB-11 and PRBB-13, which are located along the riverbank at the south end of the site,

showed no NAPL impacts of any kind.  NAPL impacts were not observed in borings PRBB-22, 17D, and

PRBB-17S (alluvial) along the riverbank at the far north end of the site.

Three borings were advanced within the landfill area of the site.  Borings PRBB-19 and PRBB-20 both

exhibited NAPL impacts only within several distinct intervals of bedrock fractures and bedding planes.  

Borings PRBB-18 and PRBB-22, at the far north portion of the landfill, did not exhibit NAPL impacts of

any kind. 

4.3 SITE HYDROGEOLOGY

The Cache La Poudre river flows along the eastern boundary of the site, generally in a northwest to

southeast direction.  The river in the area of the site has meandered significantly throughout the history of

the site, as evidenced by Sanborn maps collected as part of the Phase I conducted by WALSH (2001). 

These riverbank and channel deposits took on different configurations over time before the  landfill was

located there and could have represented points of discharge for materials leaving the PVG plant.  A

review of additional Sanborn maps from various times after the PVG was in place indicate that the river

continued to migrate over time and likely deposited many differing configurations of river sand bars and

islands before landfill operations began in the 1930s.  These perturbations in the rivers path could

represent preferred pathways for migration of contaminants from upgradient source areas, beneath the

landfill, to the river. 
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Generally, 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 a southwest to

northeast direction across the site.  Several rounds of water level measurements were collected over the

course of the field effort by Tetra Tech and RETEC personnel, and pieziometric surface maps were

developed by Tetra Tech for bedrock and alluvium (Figure 11 and Figure 12).

4.4 WELL INSTALLATION AND DEVELOPMENT

Permanent wells were constructed at 13 locations on both banks of the river channel (Figure 3).  Well

construction diagrams and details are annotated on the borelogs of the corresponding soil borings.  All 13

wells were screened within the bedrock, with the exception of PRBB-17s, which was screened from the

bedrock alluvium interface into the alluvium.  Bedrock wells were screened across intervals where

NAPL impacts were observed.  Wells were screened in relation to the screened interval at the nearest

well locationat locations where NAPL impacts were not observed.

Five temporary wells were constructed within the river channel bottom (PRSB-2, 3, 4, 8, and 9).  Well

construction details are annotated on the corresponding borelogs.  Temporary wells located within the

river channel and one soil boring (PRSB-1) were abandoned and filled with granular bentonite.  Casing

and screen from the temporary wells were removed with a backhoe on February 27, 2004. 

After the wells were installed, each well was developed using a surge block followed by bailing. 

Temperature, pH and conductivity values stabilized during development; however, turbidity improved only

marginally during development at most well locations.  Turbidity is not uncommon for wells installed using

HSA methods because the augers tend to pulverize the aquifer formation, increasing the volume of fine

grained material (fines) within the screened interval near the borehole.  Any remaining fines should settle

over time. 

4.5 SAMPLING AND ANALYTICAL RESULTS

After the new wells had been installed and developed, Tetra Tech collected groundwater split samples

from the wells with RETEC.  At each monitoring well sampled, static water level and total well depth

were measured using a Solinst interface probe.  Casing volumes were calculated to determine the volume

of water to be removed.  Tetra Tech and RETEC used disposable bailers to purge three casing volumes
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before sampling.  In some cases, three casing volumes could not be achieved, so the wells were purged

dry and then allowed to recharge to static water levels before samples were collected. 

All information on monitoring wells was recorded in a field logbook, field sheets, and on a personal data

assistant (PDA) using field data collection software developed by Tetra Tech.  The field data was then

downloaded into SCRIBE (data management software developed by the EPA Environmental Response

Team Center [ERTC]) for data management).  A groundwater sampling summary sheet is located in

Appendix B.  Samples were collected in accordance with Tetra Tech standard operating procedure

(SOP) 015, and shipped to Pace Analytical Services in Lenexa, Kansas, for analysis of VOCs, SVOCs,

gasoline range organics (GRO), and diesel range organics (DRO).  A total of 17 wells were sampled, and

two duplicate samples were collected from monitoring wells PRBB-11 and PRSB-3.  Additionally, Tetra

Tech collected three sediment samples, one product sample, and one surface water sample.

4.5.1 Volatile Organic Compounds Detected in Groundwater

The groundwater sampling field summary sheet in Appendix B provides information for each sampling

location, including field analytical parameters, depth to water, total well depth, the presence or absence of

NAPL, and the total volume of water bailed prior before samples were collected.  Samples were collected

and analyzed for VOCs by EPA SW-846 method 8260 at locations PRSB-2, PRSB-3, PRSB-4, PRBB-5,

PRBB-7, PRSB-8, PRSB-9, PRBB-10, PRBB-11, PRBB-13, PRBB-14, PRBB-15, PRBB-16, PRBB-

17D, PRBB-18, PRBB-22, PRBB-23 (Figure 3).  Duplicate samples PRD-01 and PRD-2, collected at

locations PR-BB-3 and PRBB-11, were also analyzed for VOCs.   Detected compounds for the analysis

of VOCs are provided in Table 1.  

Many of the commonly detected VOCs from these samples have been previously detected in site

groundwater and soil gas and are dissolved or free phase components of the complex mixture of

hydrocarbons, PAHs, and aromatic volatiles that make up the NAPL product at the site.   Commonly

detected VOCs in the groundwater samples include: naphthalene, styrene, BTEX compounds (benzene,

toluene, ethylbenzene, and xylenes), substituted benzene compounds (1,2,3-trichlorobenzene, 1,2,4-

trichlorobenzene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenezene, isopropylbenzene, –propylbenzene), and

p-isopropyltoluene.  

Several chlorinated solvents and MTBE were also detected in the groundwater samples.  Detected

chlorinated solvents  include tetrachloroethene, trichloroethene, and cis- 1,2 dichloroethene.  Acetone,
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chloroform, chloroethane, and bromomethane were also detected in one or more groundwater samples. 

Acetone is a common laboratory contaminant and has never been identified as a site contaminant of

concern.  The presence of acetone in four of the samples is considered a result of the laboratory analytical

process and not a result of site contamination.  Chloroform, chloroethane, and bromomethane are also

often detected in low concentrations in groundwater and are not considered related to site contamination. 

A review of the analytical results for VOCs in groundwater (Table 1) and the approximate extent of

NAPL contamination (Figure 13) reveal that the detections of dissolved or free-phase VOCs closely follow

the approximate extent of NAPL product at the site.  The highest number and highest concentrations of

detected target compounds are found in boreholes located on the western portion of the Cache La Poudre

River, extending south from PRBB-10 to location PRSB-8 in the river.  Location PRSB-4, situated

northeast of PRBB-10, and locations east of the river such as PRBB-16 and PRBB-14 have low level

detections of NAPL-related compounds, indicating the outer edges of the NAPL plume.  Other locations

north and west of PRBB-10, such as PRBB-17D, PRBB-22, and PRBB-18, did not contain detected

concentrations of NAPL-related compounds.  Likewise, sample locations in the southern portion of the site,

such as PRBB-11 and PRBB-13, detected only low levels of chlorinated solvents, MTBE, and 1,2,3

trichlorobenzene. 

4.5.2  Semivolatile Organic Compounds Detected in Groundwater

Commonly detected SVOCs in the groundwater samples include PAHs (2-methylnaphthalene,

acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,

benzo(k)fluoranthene, chrysene, fluoranthene, fluorene, naphthalene, phenanthrene, pyrene, and

dibenzofuran). 

The compounds 2-methylphenol, benzyl alcohol, and phenol were also detected in one sample each.  All

detections for these compounds were low level (18 :g/L, 32 :g/L, and 31 :g/L).  The phenol compounds

are common laboratory contaminants and likely the result of contamination during the laboratory analytical

process, while benzyl alcohol is commonly found in groundwater at low levels.  These detections are not

considered indicative of NAPL contamination at the site. 

Similar to the relationship between the extent of NAPL and VOCs detected in groundwater, review of the

analytical results for SVOCs in groundwater (Table 2) and the approximate extent of NAPL contamination
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(Figure 13) reveal that the dissolved or free phase SVOC detections also closely follow the extent of

NAPL product at the site.  The highest number and highest concentration of detected target compounds

are found in boreholes located on the western portion of the Cache La Poudre River, extending south from

PRBB-10 to location PRSB-8 in the river.  Locations with significant SVOC detections include PRSB-2,

PRSB-3, PRBB-5, PRSB-8, PRSB-9, PRBB-10 and PBBB-16.  Location PRSB-4, situated northeast of

PRBB-10, also displays low-level detections of NAPL-related compounds, indicating the outer edges of the

NAPL plume.  Other locations north and west of PRBB-10, such as PRBB-17D, PRBB-22, and PRBB-

18, did not contain detected concentrations of NAP- related compounds.  Likewise, sample locations in the

southern portion of the site such as PRBB-11 and PRBB-13 did not display detected results for NAPL-

related compounds. 

4.5.3  Semivolatile Organic Compounds Detected in Soil/Sediment

As a result of limited sample volume and budgetary constraints, soil and sediment samples were not

analyzed for VOCs.  Three sediment samples were collected at the site during the field activities based on

direction from the EPA OSC.  Detected compounds for the sediment SVOC analyses are provided in

Table 3.  

Samples TR-01-SP, SS-01, and SS-02 were collected at locations within the river during the investigation

(Figure 13) and sample aliquots were analyzed for SVOCs by EPA SW-846 method 8270.  Samples TR-

01-SP and SS-02 contained very high concentrations (percentage range) of NAPL-related compounds,

including PAHs and dibenzofuran (Table 3). Sample SS-01 collected just upstream of the dewatering pump

station inside the silt fencing (Figure 13) was not expected to contain NAPL-related compounds and did

not include any detected SVOCs for the SW-846 8270 analysis.

4.5.4 Diesel and Gasoline Range Organics Detected in Groundwater

In addition to the analysis of VOCs and SVOCs for groundwater samples, aliquots were also collected and

analyzed for DRO by method OA-2 and GRO by method OA-1.  The OA-1 and OA-2 methods are used
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by a number of states as a replacement for SW-846 method 8015 modified; however, the method and

compounds used for quantitation are essentially the same.  

Samples were collected and analyzed for DRO and GRO at locations PRSB-2, PRSB-3, PRSB-4, PRBB-

5, PRBB-7, PRSB-8, PRBB-10, PRBB-11, PRBB-13, PRBB-14, PRBB-15, PRBB-16, PRBB-17D,

PRBB-18, PRBB-22, PRBB-23 (Figure 3).  Sufficient sample volume was not collected at location PRSB-

9, so the samples were not analyzed for GRO and DRO.  Aliquots also were collected with duplicate

samples PRD-01 and PRD-2, collected at locations PRSB-3 and PRBB-11, aand were analyzed for DRO

and GRO.  Detected compounds in analyses for DRO and GRO are provided in Tables 4 and 5.  

Chromatograms for the DRO analysis by method OA-2 are used to match several standards to detected

patterns, including diesel fuel, fuel oil, jet fuel, kerosene, mineral spirits, and motor oil.  Only diesel fuel was

detected in samples PRSB-2, PRSB-3, PRSB-4, PRBB-5, PRBB-7, PRSB-8, PRBB-10, PRBB-16, and

duplicate sample PRD-01 (field duplicate of PRSB-3).  Detected results generally follow the VOC and

SVOC detections in terms of concentration, with the lowest result of 0.61 milligrams per liter (mg/L) at

location PRSB-4 on the edge of the NAPL plume, and the highest result of 170 mg/L at location PRSB-8

in the riverbed.

Chromatograms for the GRO analysis by method OA-1 are used to match a gasoline-range hydrocarbon

standard to detected patterns.  Gasoline range hydrocarbons were detected in samples PRSB-2, PRSB-3,

PRBB-5, PRBB-7, PRSB-8, PRBB-10, PRBB-16, and duplicate sample PRD-01 (field duplicate of

PRSB-3).  Again, the results generally follow the VOC and SVOC detections in terms of concentration,

with the highest result of 14.3  mg/L at location PRSB-8 in the riverbed, and low-level detections ranging

from 0.981 mg/L at location PRBB-7 to 7.45 mg/L at location PRSB-2.

4.5.5 Diesel and Gasoline Range Organics Detected in Soil/Sediment

In addition to analysis in three sediments samples for VOCs and SVOCs, aliquots were also collected and

analyzed for DRO by method OA-2.  Sediment samples were not analyzed for GRO.  Similar to the

SVOC results for the three sediment samples, high locations of diesel fuel were detected at locations TR-

01-SP and SS-02 (containing visual NAPL), at 10,000 milligrams per kilogram (mg/kg) and 18,000 mg/kg,

while location SS-01 did not contain any detectable concentrations for DRO compounds (Figure 13). 

Detected results for the analysis of the three sediment samples are provided in Table 6.  
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4.5.6 Detected Compounds for Product Sample Collected at Location PRSB-8

During the course of the field effort, significant product was identified in the temporary well installed in

borehole PRSB-8 (see Figure 3).  The borehole extended into bedrock within the channel of the Cache La

Poudre River, and the product was collected via a polyethylene bailer.  The product was collected at the

bottom of the temporary well and water was decanted from the NAPL product as it was acquired.  A

sufficient volume of NAPL product was collected to analyze the samples for SVOCs, GRO, and DRO;

however, the product sample was not analyzed for VOCs.  Detected compounds for the analyses of

SVOCs, DRO, and GRO are provided in Table 7.

As expected for the analysis of pure NAPL product, extremely high concentrations (percent range) of

PAHs and dibenzofuran were found in the SVOC sample.  Additionally, the GRO analysis indicated

gasoline-range hydrocarbons at a concentration of 850,000 mg/kg, while the DRO analysis indicated diesel

fuel concentrations of 1,200,000 mg/kg.  

4.5.7 Quality Control Samples

A cursory review of the data conducted by the project chemist indicate that sufficient laboratory quality

control (QC) samples were analyzed in conjunction with the field and duplicate samples collected for the

Poudre River SI.  A more detailed validation process conducted by a third-party validation firm is

recommended for all the data or at a minimum a representative percentage of the data to ensure the quality

of work conducted by the analytical laboratory (Pace Analytical).

4.5.8 Field Duplicate Precision

Two field duplicate pairs were collected during the field activities for the Poudre River SI.  Field duplicates

were collected at locations PRSB-3 (samples PRSB-3-SP and PRD-01-SP) and PRBB-11 (samples

PRBB-11 and PRD-2).  An analysis of duplicate precision was performed for all compounds that were

detected in both the original sample and its corresponding field duplicate using the following equation for

relative percent difference (RPD):
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100%  x  
B)/2+(A
B_-_A

 = RPD Percent

Calculated RPD values for all detected compound pairs in field duplicate samples PRSB-3-SP/ PRD-01-

SP and PRBB-11/ PRD-2 are provided in Table 8.  Although duplicate precision goals were not

established in the field sampling plan for the investigation, RPD goals for water samples are generally less

than 25 percent.  A review of Table 8 indicates that of the 21 duplicate pairs detected for VOC, SVOC,

DRO, and GRO analyses conducted on samples PRSB-3-SP and PRD-01-SP, approximately 29 percent

(six compounds) of the pairs exceeded the RPD goal of 25 percent while more than 71 percent (15

compounds) of the duplicate pairs were below the RPD goal.  

Sample duplicates PRBB-11 and PRD-2 were collected in the southern portion of the site (Figure 3), an

area not contaminated by NAPL-related compounds; therefore only three compounds were detected in

both samples from the VOC, SVOC, DRO, and GRO analyses.  RPD values for these duplicate pairs

ranged from 3 percent to 16 percent and were below the RPD goal of 25 percent. 

4.5.9 Trip Blanks for VOC Analyses

Three trip blanks were collected and analyzed for VOCs by SW-846 method 8260.  Analytical results for

all trip blank samples are provided in Table 9.  Sample TB-01 was collected on February 17, 2004, and was

shipped with samples PRBB-7-SP and PRSB-2-SP, arriving at Pace Analytical Laboratory on February

18, 2004.  Two compounds were detected in sample TB-01, naphthalene at 8.5 µg/L and 1,2,4-

trimethylbenzene at 1.1 :g/L.  These compounds are not listed as common laboratory contaminants and

any results in the samples greater than 5 times the amount found in the trip blank (5 times rule) would be

considered estimated detected results.  1,2,4-trimethylbenzene was detected in sample PRBB-7-SP at 54

ug/L and naphthalene at 1,300 ug/L, while 1,2,4-trimethylbenzene was detected at 180 :g/L and

naphthalene at 5,000 :g/L in sample PRSB-2-SP .  Given the detections in the corresponding trip blank

(TB-01), these results exceed the 5 times rule and would be considered estimated detected results.

Sample TB-02 was collected on February 23, 2004, along with samples PRBB-14-SP, PRBB-15-SP, and

PRBB-16-SP and arrived at Pace Analytical Laboratory on February 24, 2004.  Only naphthalene was

detected in sample TB-02, at a concentration of 9.9 µg/L.  Samples PRBB-14-SP, PRBB-15-SP did not

contain detected concentrations of naphthalene, while naphthalene was detected in sample PRBB-16-SP at
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a concentration of 740 µg/L.  Given the detection in the corresponding trip blank (TB-02), the naphthalene

result (740 µg/L) exceeds the 5 times rule and would be considered an estimated detected concentration.

Sample TB-4-1 was collected on April 1, 2004, along with samples PRBB-11, PRBB-17D, PRBB-18,

PRBB-22, PRBB-23, and PRD-2 and arrived at Pace Analytical Laboratory on April 2, 2004.  The sample

did not contain any detected VOCs and all associated samples would not be affected by the trip blank

results for TB-4-1.  

A number of samples were collected for the Poudre River SI and were not accompanied by a trip blank to

the analytical laboratory.  These samples include PRBB-10-SP, PRD-01, PRSB-3-SP, PRSB-4-SP,

PRSB-8-SP, and PRSB-9-SP collected on April 18, 2004, sample PRBB-13-SP collected on February 20,

2004, and sample PRBB-5-SP collected on February 19, 2004.  

4.6 SLUG TESTS

In April 2004, at the direction of the OSC, Tetra Tech conducted several single well slug tests on several

alluvial and bedrock wells to estimate point source hydraulic conductivity and groundwater flow velocities

across the Poudre River site.  Slug-in and slug-out tests were performed at the following locations: 

PRBB17S, PRBB-17D, PRBB-10, PRBB-5, BTH-15, PRBB-7, FC-MW-04, PRBB-11, and BTH-11. 

Tests were conducted using a 5-foot slug made out of 1-inch polyvinyl chloride (PVC) pipe capped on

each end and an InSitu Inc. miniTROLL data logger device to measure and plot slug-in and slug-out test

data.  Each test was performed and the data downloaded onto a laptop computer for import into

AQTESOLV for analysis.

Hydraulic conductivity (K) estimates were calculated by Tetra Tech using AQTESOLV analysis of the

PRBB, FC-MW, and BTH well data.  Groundwater flow was estimated using the Darcy equation.  Flow

estimates were calculated by taking the highest and lowest individual results and the average for the "high,"

"low" and "average" estimates of hydraulic conductivity and then multiplying by a gradient of 0.01; then, the

product of hydraulic conductivity and hydraulic gradient were divided by the effective porosity to get

estimates of groundwater velocity.  Absent a physical sample result for effective porosity, Tetra Tech

assumed conservative estimate for effective porosity of the local alluvium of 0.3 (a reasonable range for

effective porosity).  
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Using 0.3 as the effective porosity would yield the following groundwater flow estimates for alluvium:

High:  2.1 feet / day

Low:  0.1 feet / day

Avg:  0.75 feet / day

These calculations did not rely on the results of the falling head test as the alluvial wells were screened

across the water table.  Tetra Tech believes the falling head test response may be distorted by water

rushing into the gravel pack (rather than the formation) as the slug displaces water in the well.  

For the bedrock calculations, Heath provides an estimate of 10 percent primary porosity and 1  percent

secondary porosity in Basic Ground-Water Hydrology.  However, those values are total, rather than

effective porosities.  Assuming that most of the effective porosity is in the secondary fractures.  Tetra

Tech used 10 percent as an estimate of effective porosity, however, porosities between 5 to 20 percent

may be reasonable.  Using 10 percent as the effective porosity, the estimates for flow velocity in bedrock

should be:

High:  0.3 feet / day

Low:  0.003 feet / day

Avg:  0.1 feet / day 

5.0      NAPL SOURCE INVESTIGATION

Steps were taken by RETEC  in accordance with the Non-Aqueous Phase Source Investigation Work

Plan (Tetra Tech 2003) to identify the presence or absence of an ongoing source of NAPL in the area of

the Poudre River where free product has historically been identified.  Tetra Tech provided technical

oversight to EPA during all phases of the NAPL source investigation  These steps are presented in the

sections below:

5.1

The purpose of the HDPE piping and dewatering pump system was to divert the river and remove

incidental water from the construction zone prior to the stream channel excavation.  Incidental dewatering
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was necessary to collect and remove water within the construction area that originated from seepage and

precipitation, as well as other sources.  The system collected water from two areas:  directly adjacent to

the dam and adjacent to the dewatering trenches.  Incidental water was collected by 3-inch trash pumps

and pumped to a holding tank on the river bank.  The water was then pumped to the temporary water

treatment facility.  River water was collected by the 12-inch pump above the primary diversion dam and

discharged below the secondary diversion dam via the HDPE piping system.

Significant portions of the river sediment were saturated from surface and groundwater.  To mitigate

problems associated with excavation, transport, and disposal of saturated materials, the groundwater level

in the river bed was lowered with dewatering trenches.  These trenches were also used to control

upstream surface water infiltration.  

Two dewatering trenches were constructed in the streambed to allow for identification of any pathways of

free product into the river (Figure 13).  An L-shaped dewatering trench (TP-01 and TP-02) was

excavated about 5 feet and approximately 175 feet along the western side of the river channel south

downstream of the observed seep area.  A sump was constructed at the top of the L-shaped trench (TP-

01) to collect water and NAPL, and pump them to the water treatment facility.  The trenches were also

used to dewater the contaminated zone and to observe and intercept any potential contamination entering

the trench.  In addition, 10 other trenches were excavated between the primary diversion dam and the

secondary diversion dam (Figure 13).  Observations for each trench included:

• NAPL impacts

• Bedrock/alluvium interface and elevation

• Bedrock elevation and alluvial thickness

• NAPL impact elevations

• NAPL flow characteristics

• Physical properties of the trench

Sampling protocols established in the work plan regarding the use of siteLab and UVF technology were

waived by stakeholders during excavation of TP-01 and TP-02 because of the large amount of NAPL

impacts and because visual observations were sufficient to meet the goals of the work plan.
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Observations from trenching resulted in a better understanding of the characteristics of NAPL within the

alluvial sediments and in the bedrock underlying the river channel.  In general, NAPL was observed

within the alluvial sediments from the seep area 200 feet upstream and from the western bank 40 to 50

feet across the channel to the eastern bank.  Depth of trenching activities averaged from about 2 to 4 feet

in depth.  NAPL observed in bedrock was far more widespread than in the alluvial sediments.  NAPL

was observed in bedrock throughout the river channel and on the western river bank from PRSB-4 to

PRSB-8 and west into the landfill.  NAPL was observed in both alluvial sediments and in bedrock

fractures and bedding planes in test pits TP-01, 02, 10, 11, 12.  NAPL was observed only in bedrock

fractures and bedding planes in test pits TP-03, 04, 05, 06, and 07.  NAPL impacts were not observed in

test pits TP-08 and TP-09 (Figure 13).

5.3 SUMP AND OBSERVATION PORT INSTALLATION

Approximately 225 cubic yards of impacted sediment were removed from the seep area to create a sump. 

The sump was approximately 30 feet wide and located between soil borings PRSB-01 and PRSB-02

(Figure 13).  A 3-inch trash pump was used to collect water/NAPL and pump it to the water treatment

facility.  The sump was allowed to stay open from February 25 through March 4, 2004.  Infiltration and

surface water was pumped to the water treatment system during the same time.

An observation port was constructed in the bottom of the sump to observe NAPL recharge into the sump

after it was backfilled.  At the southern end of the trench/sump, a 22 foot long schedule 80 PVC pipe with

½-inch holes drilled into the bottom half of the pipe was bedded perpendicular to the river channel in

gravel approximately 4 feet bgs.  A 45-degree fitting angled the pipe up the river bank, where it is

protected by steel casing with a locking cap. 

5.4 CONTAMINATED AND UNCONTAMINATED MATERIAL REMOVAL AND

DISPOSAL 

After the test pits and trenches had been dug, all contaminated sediment and bedrock spoils disturbed by

trenching were excavated and removed from the riverbed and placed in the stockpile area.  Visual

observation of NAPL was the main criterion for identifying spoils.  Sediment removal was focused in

areas where trenching and sump installation had occurred.  The total volume of impacted material

removed from the riverbed and placed in the stockpile area was approximately 800 cubic yards (yd3). 
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The material remained in the stockpile area for dewatering and profile sampling (toxicity characteristic

leaching procedure [TCLP] for metals, VOCs, and SVOCs) until it was hauled off-site to the

Conservation Services Inc. (CSI) landfill in Bennett, Colorado.  Approximately 900  yd3 of material was

transported to CSI.  Approximately 720 yd3of uncontaminated material generated during the SI (soil and

liners from the diversion structures) was hauled off-site to Waste Management North Weld County

Landfill in Ault, Colorado.

5.5 NAPL IMPACT SUMMARY

The nature and extent of NAPL impacts is presented in Figure 13.  The figure shows that NAPL can be

connected from the former MGP site on the western side of Willow Street in the alluvium and weathered

bedrock across Willow Street into the Aztlan Community center parking lot.  In the parking lot, the NAPL

begins to fan out laterally in the sediment and vertically and horizontally into the bedrock across the

athletic fields to the Cache La Poudre River bed.  NAPL impacts observed at the site during the SI are

generally located in the following areas:  

• NAPL impacts were observed in approximately 200 feet of river channel sediments (PRSB-1,
PRSB-2, PRSB-3, PRSB-9, TP-01, TP-02, and TP-12).  NAPL impacts in the sediments are
bounded by TP-09 and TP-04 where contamination was not observed.

• NAPL impacts in the river channel and the southern bank extend in the subsurface bedrock from
the Burlington Northern Railroad tressel (PRSB-4) south to some unknown point between PRBB-
21 and PRBB-11.

• Impacts were observed east of the river (Gustov Nature Area) at one location (PRBB-16).  A
bedding plane fracture contained minor NAPL staining at 23 feet bgs and a faint odor was
observed in a bedding plane fracture at 26 feet bgs.  NAPL impacts were not observed in borings
PRBB-23, 15, and 14 located within the nature area.

6.0     CACHE LA POUDRE RIVER RESTORATION

When SI field activities were complete, the channel and stream bank were restored nearly to their original

state.  Restoration is described in the following sections.
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Before the area was backfilled, the excavated areas were surveyed to compare excavation depths with

initial elevations.  After excavated areas were backfilled to grade with clean fill of the same gradation, the

areas were re-surveyed to demonstrate that a minimum thickness of clean fill material had been achieved

and approved by the City of Fort Collins storm-water utilities department.   Backfill material consisted of

sand, gravel, and river rocks from a Poudre River quarry located 5 miles upstream.  These materials were

placed in excavated areas and compacted so the initial surface grade was achieved without settling.  All

temporary structures, connections, and safety barriers were removed from the project site after

backfilling.

Efforts were made to re-grade and re-vegetate areas of the river bank and the upland athletic fields

where activities had disturbed the landscape.  Areas along the river bank that were disturbed were hydro-

seeded and staked with burlap erosion control material.  The areas upland were hydro-seeded to promote

re-vegetation of altered surface areas.  

6.3 FACILITIES TRANSFER

Site infrastructure was transferred and maintained on site by EPA and Tetra Tech by agreement of the

stakeholders.  The remaining infrastructure includes the following:

• One 40-foot trailer and gravel parking area

• One diesel generator

• Two port-o-lets

• One waste dumpster

• Site access road and safety fencing
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