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INTRODUCTION

In May 2016, Jefferson County Open Space, the City and County of Broomfield, City of Arvada,
City of Westminster, Boulder County, and the City of Boulder (collectively referred to as the
‘Partner Group’) submitted an application to the Federal Lands Access Program (FLAP), a
funding source administered by the Federal Highway Administration (FHWA), to construct two
trail crossings that will link planned trail improvements at the Rocky Flats National Wildlife
Refuge (Refuge) with existing Partner Group trail infrastructure adjacent to the Refuge (Figure
1-1). This project is part of the broader Rocky Mountain Greenway (RMG) Trail initiative, a
regional trails project to connect Front Range federal lands (Rocky Mountain Arsenal National
Wildlife Refuge, Two Ponds National Wildlife Refuge, Rocky Flats National Wildlife Refuge
and Rocky Mountain National Park) via a multiuse path. Information on the RMG Trail
initiative is available at https://rockymtngreenway.org.
In August of 2016, FHWA notified the Partner Group of shortlist funding status and requested
that the required soil sampling and testing be completed before project scoping, design and
construction begin. In fall 2017, the Partner Group issued a Request for Proposal (RFP) to
perform the confirmatory soil sampling and analysis (the “Project”). Engineering Analytics, Inc.
(EA) of Fort Collins, Colorado was awarded the Project by the Partner Group. Phase I of the
Project is to develop a Sampling and Analysis Plan (SAP) that will document the procedural and
analytical requirements of this one-time collection of soil samples to confirm the activity of
radionuclides in the areas where Project-related construction will be performed. This document
fulfills the requirements of Phase I.
1.1

Purpose and Goal

The purpose of this SAP is to define the procedures for the collection and analysis of soil
samples obtained at the two proposed crossings that will connect existing trail systems of the
Partner Group to a trail system operated by the U.S. Fish and Wildlife Service (USFWS) on the
Refuge (Figure 1-1). This document is a stand-alone SAP, meaning that it contains elements
common to a Field Sampling Plan (FSP) and a Quality Assurance Project Plan (QAPP).
The goal of this SAP is to promote the generation of soil radionuclide data that meet standard
environmental data quality requirements and are comparable to historic Refuge data. By
accomplishing this goal, the soil data from this Project can be compared to the data, findings, and
conclusions of historic Rocky Flats soil sampling risks assessments such as the Comprehensive
Risk Assessments of Appendix A of the Kaiser-Hill Company 2006 Resource Conservation and
Recovery Act (RCRA) Facility Investigation-Remedial Investigation/Corrective Measures
Study-Feasibility Study Report (RI/FS). Linking the current data to the 2006 studies, the
potential risks to visitors near the two proposed crossings can be established.
1.2

Scope

The scope of this SAP is limited to collection and analysis of radionuclide data in soil samples in
and near the two proposed crossing locations. The proposed crossings are illustrated on Figure
1-1 and are described below:
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•

Crossing Location D: A proposed bridge over Indiana Street near the abandoned railroad
grade just north of the former Rocky Flats East Entrance. This location lies
within/adjacent to the Wind Blown Area Exposure Unit (EU) described in the 2006
RI/FS.

•

Crossing Location E: a proposed box culvert underpass below State Highway 128 (CO128) just east of the Coalton/High Plains Trail access parking area. This location lies
within/adjacent to the Rock Creek Drainage Exposure Unit described in the 2006 RI/FS.

This is a planned one-time sampling event, with soil sample locations limited to the footprints of
the crossing structures, the footprints of the new trails connecting the crossings to existing
Partner Group trail systems east of Indiana Street (Crossing Location D) and north of CO-128
(Crossing Location E), and the footprints of the new trails connecting both crossings to planned
USFWS trails (stopping at the Refuge boundary).
1.3

Project Organization

The roles of the senior professionals on the EA Project team are provided in Table 1-1.
Table 1-1

Senior EA Project Staff and Roles

Key Staff

Project Role

Dan Overton, M.S., P.E.

Senior Reviewer

Jason Andrews, M.E., P.E.

Project Manager

Bruce Marshall, M.S., P.G.

Principal Geochemist

Dr. Craig Little, Ph.D.

Health Physicist and Radiation Protection

EA’s point of contact with the Partner Group is Mr. Andrew Valdez of the Jefferson County,
Open Space.

June 20, 2018

2

Engineering Analytics, Inc.

Sampling and Analysis Plan
Rocky Mountain Greenway Trail Crossings

2.0

Rocky Mountain Greenway Partner Group

BACKGROUND

A comprehensive discussion of the Rocky Flats operational history and remediation is beyond
the scope of this document. Both proposed crossings are located outside the boundary of the
current Department of Energy (DOE) Legacy Management Site. Consequently, EA’s document
review primarily focused on reports pertaining to the large portion of the Rocky Flats site outside
the industrial area (i.e., in the Peripheral Operable Unit). Even with this narrow focus, the
number of documents available for review pertaining to the site characterization and
environmental remediation is voluminous. Documents which EA relied upon to develop this
SAP are summarized in Table 2-1.
Table 2-1

Select Documents Reviewed for Development of the SAP

Published by
Document Title
Applicable standards from the United States (NRC Title 10 Part 20) and Environmental
Nuclear Regulatory Commission
Protection
Agency
Comprehensive
Environmental Response, Compensation and
Liability Act (CERCLA).
Central Federal Lands, Federal Highway Rocky Mountain Greenway Feasibility
Administration.
Study. 2016.
Chem-Risk (Phase I) & Radiological Rocky Flats Historical Public Exposures
Assessment Corporation (Phase II). 1990- Studies prepared for the Colorado
Department
of Public Health and
1999.
Environment.
Colorado Department of Health and Public Colorado Code of Regulations, Radiation
Environment
Control –Standards for Protection Against
Radiation (6 CCR 1007-1 Part 04)
Colorado Department of Health and Public Public Testimony by State Project Manager.
Environment,
2016.
CTL Thompson Inc.
Limited Surface Screening for Radiation
Levels Candelas Development, Arvada.
Colorado August 24, 2011
CTL Thompson Inc.
Limited Surface Screening for Radiation
levels Candelas Development, Filing 3
Arvada, Colorado March 8, 2013
Hydros Consulting
Offsite Human Health Risk Assessment
Findings from Rocky Flats. June 3, 2014.
Institute for Energy and Environmental Setting Cleanup Standards to Protect Future
Research
Generations: The Scientific Basis of the
Subsistence Farmer Scenario and Its
Application
to
the
Estimation
of
Radionuclide Soil Action Levels (RSALs)
for Rocky Flats. December 2001
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Published by
Jefferson and Boulder Counties, Colorado

Document Title
Corrective Action Decision/Record of
Decision for Rocky Flats Plant (USDOE)
Peripheral Operable Unit and Central
Operable Unit. September 2006.
RCRA Facility Investigation - Remedial
Investigation/Corrective Measures Study –
Feasibility Study Report for the Rocky Flats
Environmental Technology Site. June 2006.
Industrial Area and Buffer Zone Sampling
and Analysis Plan Modification 1. May
2004.
RAC Report No. 5-RSALOP-RSAL-1999Final “Final Report Task 6: Radionuclide
Soil Action Level Oversight Panel.”
December 1999
Modified
Level
III
Pre-acquisition
Environmental Contaminants Survey for
Rocky Flats Environmental Technology Site.

Kaiser-Hill Company

Kaiser-Hill Company

Risk Assessment Corporation

US Fish and Wildlife Service. 2006.

2.1

Rocky Flats History

EA primarily relied on the DOE’s Rocky Flats, Colorado Fact Sheet (DOE, 2017) as the source
of information for the history of the site. Much of the information provided below is taken
directly from the DOE (2017) document.
The Rocky Flats site is situated on a plateau at the eastern edge of the Front Range of the Rocky
Mountains, at an elevation close to 6,000 feet. Most of the approximately 6,500 acres of the
property was used as a security buffer surrounding the site’s 385-acre industrial area. The Rocky
Flats Plant was part of the nationwide nuclear weapons complex that manufactured weapons
components under the jurisdiction and control of the DOE and its predecessor agencies. From
1952 to 1994, the plant’s primary mission was producing nuclear and nonnuclear weapons
components for America’s arsenal. The key component produced at Rocky Flats was the
plutonium pit, or “trigger,” for nuclear weapons. Operational problems, including fires, during
the plant’s history and standard practices used at the time resulted in contamination from
plutonium, beryllium, and other hazardous substances both within and outside the industrial area.
After nuclear weapons components production ended, the facility’s mission changed to cleanup
and closure, and it was renamed the Rocky Flats Environmental Technology Site. In October
2005, DOE and its contractor completed an accelerated 10-year, $7 billion cleanup of chemical
and radiological contamination in production buildings and limited areas across the site. The
DOE Office of Legacy Management (LM) assumed site operation and maintenance
responsibility in 2005 and received final jurisdiction in 2008. After cleanup, two operable units
(OUs) defined the Rocky Flats site within the boundaries of the property. The OUs are shown
in Figure 2-1:
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OU 1. Central OU
OU 2. Peripheral OU

The Peripheral OU includes most of the site and generally encompasses the portions of Rocky
Flats surrounding the Central OU. The boundaries of the EU’s described in the 2006 RI/FS are
also shown on Figure 2-1
The final remedy for OUs 1 and 2 was selected in the September 29, 2006 Corrective Action
Decision/Record of Decision (CAD/ROD). The CAD/ROD was based on the results of the July
2006 RI/FS and Comprehensive Human Health and Ecological Risk, Assessment. The 2006
CAD/ROD determined that no action was required for the Peripheral OU.
The Peripheral OU, which served as the security buffer zone during the operational period of the
site, was subsequently transferred to the U.S. Department of the Interior in July 2007, to be
managed by the USFWS as the Rocky Flats National Wildlife Refuge. Additional DOEadministered lands (745 acres) associated with private mineral rights on the site’s west side
transferred to the Refuge in 2014.
2.2

Review of Select Rocky Flats Environmental Documents

The goal of this SAP is to promote the generation of soil radionuclide data that meet standard
quality requirements and are comparable to historic Refuge data. To that end, EA reviewed
select historic documents to ascertain how soil samples had previously been collected. The
objective of this review was to establish (a) a method(s) to collect soil samples, and (b) a
depth(s) at which to collect the soil samples that would result in radionuclide data for the
crossing samples that is comparable to historic data. An additional objective of the review was
to identify standard operating procedures (SOPs) relevant to the Project (e.g., equipment
decontamination, investigation derived waste, sample handling) that could be adopted for use in
this SAP. EA also reviewed select risk assessments to evaluate if the methodology and results
can be extrapolated to visitors of the crossings and associated connector paths.
Previous Sampling Methodology
EA primarily relied upon information in these two documents to assess previous soil sampling
protocol:
•
•

Kaiser-Hill Company, 2014, Industrial Area and Buffer Zone Sampling and Analysis
Plan Modification 1, May.
Risk Assessment Corporation, 1999, Task 6: Sampling Protocols, Final Report submitted
to the Radionuclide Soil Action Level Oversight Panel, December.

In general, previous investigators appear to have used four main methods to collect soil samples
at Rocky Flats. The methods are:
•
•
•
•

Colorado Department of Public Health and Environment (CDPHE) Method
Rocky Flats Method
Grab Sampling Method
Vertical Soil Profile Method
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The CDPHE method used a sampling device to obtain a soil sample from the upper ¼-inch of the
soil from an area 2-inches wide by 2-3/8 inches long. Vegetation and other non-soil material is
removed prior to collection. A specific number of samples, defined in the sampling plan, are
collected from an area and then composited. The objective of the method is to characterize the
radionuclides in the soil that could potentially be resuspended into the air and inhaled.
In the Rocky Flats Method, ten (10) individual samples are collected from 10-cm by 10-cm (4inch x 4-inch) squares to a depth of 5-cm (2 inches). Samples are screened through a 10-mesh (2
mm) sieve to remove large particles and then combined to represent a sample volume of
approximately 5 liters, from which a representative sample is collected for laboratory analysis.
The objective of the method is to characterize the radionuclides in the soil that have accumulated
in the near surface.
Grab sampling was practiced at Rocky Flats by employing a tool to collect soil samples for
radionuclide analyses. The vegetation and other undesired surficial material was first removed
from the area to be sampled. The soil sample is then collected to the desired depth using a
stainless-steel spoon or scoop. The total number of samples and sampling interval was defined
in the sampling plan. The objective of the method is to characterize the radionuclides in the soil
that have accumulated at a specific depth interval.
Vertical soil profile sampling at Rocky Flats was used to define the distribution of radionuclides
in the top 6 in. of soil to verify the results of radiation surveys. This sampling included the
collection of discrete soil samples at 2-in. intervals corresponding to depths from 0–2 in., 2–4 in.,
and 4–6 in. Four procedures were employed to obtain the vertical samples: (1) collection from
the surface downward, (2) collection from the side wall of a small excavation, (3) collection by
coring, and (4) collection from beneath concrete and asphalt pavement. The total number of
samples collected, and their locations were specified in site-specific field sampling plans. A
sample of approximately 500 g was obtained for each soil profile interval.
Nature and Extent of Contamination
As defined in the RFP, the contaminants of concern for the Project are:
•
•
•

Americium
Plutonium
Uranium

Historic maps illustrating the distribution of americium, plutonium and uranium in surface soils
on and near the Refuge are produced in Figures 2-1, 2-2, 2-3, 2-4 and 2-5. These figures provide
the relative distribution of the activities of the radionuclides at Rocky Flats, as the data are
expressed in terms Wildlife Refuge Worker Preliminary Remediation Goals (WRW-PRGs). As
illustrated on Figures 2-1 and 2-2, the activity of the Americium-241 and Plutonium 239/240
near Crossing E (128 Crossing), which is located north of the former industrial area along CO128, are lower than the activities near Crossing D (Indiana Crossing), which is east and
downwind of the former industrial area. The activities of the uranium isotopes are similar at
both locations.
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Summary statistics for americium, plutonium and uranium from surface soil samples collected in
the Rock Creek Drainage Exposure Unit (see Volume 4 of Appendix A of the 2006 RI/FS)
(https://www.lm.doe.gov/Rocky_Flats/Regulations.aspx) are provided in Table 2-2. Crossing
Location E, the proposed box culvert underpass below CO-128, is located within this area.
Table 2-2

Summary Statistics for Select Radionuclides in the Rock Creek Drainage
Exposure Unit (Crossing Location E along CO-128)

Radionuclide

Number of
Results

Minimum
Value
(pCi/g) (1)

Maximum
Value
(pCi/g)

Am-241
Pu-239/240
U-233/234
U-235
U-238

37
50
39
39
39

-0.00738
-0.00602
0.343
-0.109
0.417

0.950
7.25
2.17
0.466
1.83

Arithmetic
Mean
Value
(pCi/g)
0.0613
0.222
1.07
0.0641
1.11

Standard
Deviation
(pCi/g)
0.160
1.02
0.362
0.113
0.311

Source: Table 1.4, Volume 4 of 15, Appendix A, Kaiser-Hill (2006)
(1)- Radioactive decay is a probabilistic process with a Poisson distribution. When a sample has very little
radioactivity in it, the result may be lower than the blank sample relied upon by the analytical laboratory. In such a
situation, the reported radionuclide results would be reported as a negative number.

Review of the radionuclide data for soil samples collected within the Rock Creek Drainage EU
in the CDPHE database indicates that samples were collected from depths of 0 to 2 inches to 0 to
6 inches. Approximately 60 percent of the data from samples in the Rock Creek Drainage EU
were collected from the 0 to 2-inch depth interval.
Summary statistics for americium, plutonium and uranium from surface soil samples collected in
the Wind Blown Area Exposure Unit (see Volume 9 of Appendix A of the 2006 RI/FS) are
provided in Table 2-3. Crossing Location D, the proposed bridge over Indiana Street, is located
within this area. It is important to note that the boundaries of the Wind Blown Area Exposure
Unit extend from the shared boundary with the Industrial Area EU eastward to Indiana Street.
As illustrated in Figures 2-1 through 2-3, the general trend is for radionuclide activities to
decrease eastward (away) from the Industrial Area EU.
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Table 2-3 Summary Statistics for Select Radionuclides in the Wind Blown Area Exposure
Unit (Crossing Location D along Indiana Street)
Radionuclide

Number of
Results

Minimum
Value
(pCi/g)

Maximum
Value
(pCi/g)

Am-241
Pu-238
Pu-239/240
U-233/234
U-235
U-238

279
9
307
193
192
193

0
0.102
-0.00292
0.119
-0.0431
0.351

15.6
1.53
49
7.96
0.680
3.78

Arithmetic
Mean
Value
(pCi/g)
1.86
0.447
9.44
1.12
0.0827
1.12

Standard
Deviation
(pCi/g)
2.44
0.454
12.1
0.799
0.0922
0.454

Source: Table 1.5, Volume 9 of 15, Appendix A, Kaiser-Hill (2006)

Review of the radionuclide data for soil samples collected within the Wind Blown Area EU in
the CDPHE database indicates that samples were collected from the surface to depths ranging
from 0 to 1 inch to 0 to 6 inches. Approximately 40 percent of the data were from samples
collected from the 0 to 2 inch depth interval, with the next largest group being from the surface
(approximately 28 percent).
Summary of Risk Assessments
The Comprehensive Risk Assessment (see Appendix A of the 2006 RI/FS) presented a Site
Conceptual Model (SCM) that provided an overview of potential human exposures at Rocky
Flats. The following discussion is taken primarily from that document.
Rocky Flats was divided into 12 Exposure Units (EUs) (Figure 2-1) to assess potential risks for
human and terrestrial ecological receptors and 7 Aquatic EUs (AEUs) for assessing potential
risks for aquatic ecological receptors. As described above, the EUs germane to the project are:
•

The Wind Blown Area Exposure Unit, representing Crossing Location D (proposed
bridge over Indiana Street).

•

The Rock Creek Drainage Exposure Unit, representing Crossing Location E (proposed
box culvert underpass below CO-128).

The EUs were designated based on known sources and potential contaminant release patterns to
collectively assess areas with similar types of potential contamination. Other criteria used in
distinguishing the EUs included separate watersheds, similar topography and vegetation, and
expected land use.
The SCM assumed that the future land use for Rocky Flats would be as a wildlife refuge and, as
such, human populations who may be present included a wildlife refuge worker (WRW) and a
wildlife refuge visitor (WRV). Workers may staff a visitor center, monitor and maintain the trail
system, and track the on-site wildlife populations. Visitors may hike, bike, bird watch, etc. on the
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Refuge. WRW receptors were assumed to be adults, while WRV receptors were assumed to
include both adults and children.
Both workers and visitors were assumed to theoretically contact contaminants in surface soil,
subsurface soil, sediment, surface water, and groundwater. All exposure pathways included in
the SCM were identified as complete (meaning that exposure through the pathway is at least
theoretically possible). In addition, the pathways were identified as either significant or
insignificant. Insignificant pathways were those that are associated with such low exposure that
there will be negligible risk even if exposure occurs. The significant pathways were evaluated
on an EU basis and risk calculations were only performed for significant pathways in the
individual EUs. However, pathways considered to be insignificant were evaluated to ensure that
the pathways are appropriately identified as such.
The following exposure pathways were identified as potentially complete and significant in
the 2006 RI/FS SCM:
•

Incidental ingestion of surface soil/surface sediment.

•

Inhalation of dust released from surface soil/surface sediment.

•

Dermal exposure to surface soil/surface sediment.

•

External irradiation exposure from surface soil/surface sediment.

•

Incidental ingestion of subsurface soil/subsurface sediment.

•

Inhalation of particulates released from subsurface soil/subsurface sediment.

•

Dermal exposure to subsurface soil/subsurface sediment.

•

External irradiation exposure from subsurface soil/subsurface sediment.

In the first step of the human health risk assessment (HHRA), the levels of potential
contaminants of concern (PCOCs) in each EU were evaluated to assess whether a quantitative
assessment of risks needed to be conducted. Only those parameters that were retained for the
risk assessment were called contaminants of concern (COCs). The above pathways were
quantitatively characterized for an individual EU if a COC(s) was identified.
As described in the HHRA, COCs were identified for surface soil/surface sediment in the Wind
Blown EU (Plutonium 239/240 was the only radionuclide identified as a COC). However, COCs
were not identified for surface soil/surface sediment in the Rock Creek Drainage EU.
Consequently, a quantitative risk characterization for subsurface soil/subsurface sediment was
not performed for the Rock Creek Drainage EU. In addition, COCs were not identified for
subsurface soil/subsurface sediment in any EU. Therefore, quantitative risk characterization for
subsurface soil/subsurface sediment was not performed.
The HHRA presented two exposure point concentrations (EPCs) estimates, Tier 1 and Tier 2, for
the COCs at Rocky Flats. Briefly, EPCs are an estimate of COC concentrations to which people
may be exposed. For the Rocky Flats HHRA, the Tier 1 concentration was calculated as the 95th
percent upper confidence limit (UCL) on the average (mean) concentration within an EU. The 95
June 20, 2018
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percent UCL is defined as the value that equals or exceeds the true mean with 95 percent
confidence. As described in the HHRA, if most of the data for an EU have been collected in
areas associated with historic releases, and few data points are available for the nonimpacted
areas, the Tier 1 EPC is likely to overestimate the concentration for the EU as a whole.
Therefore, Tier 2 EPCs were calculated in a manner that equally weighs the data for different
subareas of an EU. In this approach, averages are first calculated for 30-acre subareas of an EU.
These averages are then combined to calculate an EU-wide average. In areas where the data are
evenly spaced throughout an EU, there are only minor differences between the Tier 1 and Tier 2
EPCs.
As stated above, Plutonium 239/240 was the only radionuclide identified as a COC.
Radiological dose estimates were developed for the HHRA using the RESRAD software which
was used to evaluate all applicable exposure pathways at a site (Kaiser-Hill, 2006). The dose
estimate for plutonium for the WRW is 0.3 mrem/yr and for the WRV child it is 0.2 mrem/yr.
These dose estimates are well below the acceptable annual radiation dose of 25 mrem specified
in the Colorado Standards for Protection Against Radiation (CDPHE, 2005). A summary of
cancer risks and dose estimates for WRW and WRV receptors in the Wind Blown EU is
presented in Table 2-4.
Table 2-4 Summary of Human Health Risk Estimates from Plutonium 239/240 in the
Wind Blown Exposure (Crossing Location D along Indiana Street)
Wildlife Refuge Worker (WRW)
Excess Lifetime
Annual Dose Rate
Cancer Risk
(mrem)
Tier 1
Tier 2
Tier 1
Tier 2
2 x 10-6
9 x 10-7
0.3
0.2

Wildlife Refuge Visitor (WRV)
Excess Lifetime
Annual Dose Rate
Cancer Risk
(mrem)
Tier 1
Tier 2
Tier 1
Tier 2
1 x 10-6
6 x 10-7 0.2 (child) 0.1 (child)
0.07 (adult) 0.04 (adult)

Source: Table ES8.8, Volume 1 of 15, Appendix A, Kaiser-Hill (2006)

The cancer risk estimates for the five EUs were at the lower end of EPA’s risk range of 1 x 10-6
(one in a million) to 1 x 10-4 (one in ten thousand).
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SAMPLING RATIONALE

EA used Visual Sample Plan (VSP), developed by Pacific Northwest National Laboratory
(PNNL), to develop the sampling design. VSP is a software tool that supports the development
of a defensible sampling plan based on statistical sampling theory and the statistical analysis of
sample results to support confident decision making. VSP incorporates a variety of sampling
designs, including those described in MARSSIM, in its programming. Based on the projectspecific sampling goals, VSP calculates the number of samples to be collected and identifies
random locations for the samples to be collected. Information on the VSP software is available
at https://vsp.pnnl.gov/. As indicated on the PNNL website, VSP’s development was supported
by a variety of federal departments, agencies and commissions, including the DOE and the EPA.
3.1

Conceptual Physical Model

The Indiana Street Crossing and CO-128 Crossing are located within two different exposure
units (EUs), as described in the HHRA (Kaiser-Hill, 2006). As illustrated on Figure 2-1, the
Indiana Street Crossing is located downwind of the former industrial area. In the HHRA (ibid.),
the area near the Indiana Street Crossing is included in the Wind Blown Area EU. The CO-128
Crossing is located north of the former industrial area along CO-128. In the HHRA (ibid.), the
area near Crossing E is included in the Rock Creek Drainage EU.
There are no known primary Rocky Flats related contaminant source(s) located near either
crossing location. Consequently, the source of radionuclides located in both areas is atmospheric
fall-out and windblown contamination from the Rocky Flats Industrial Area. Therefore,
radionuclide contamination at both crossings will be limited to the near surface soils. The near
surface soil data from the CDPHE database, as summarized in Table 2-2 (Rock Creek Drainage
EU) and Table 2-3 (Wind Blown Area EU) should be representative of the radionuclide activities
in the near surface soils at the Indiana Street and CO-128 Crossings.
3.2

Sampling Design

EA will collect soil samples from the proposed disturbance areas at the two locations, Crossing
D and Crossing E following the procedures described in Section 5. No sampling/testing will be
done unless prior landowner authorization is given. At each location, EA will sample soils from
within the potential areas of disturbance of the crossing structures and the footprint of the new
paths associated with each crossing, as illustrated in Figure 1-1.
EA used VSP to separately estimate the number of samples to be collected at each location. The
null hypothesis is that the average radionuclide activity at a crossing exceeds the average in its
associated EU. To reject the null hypothesis, VSP calculates the number of samples to
statistically prove the opposite (i.e., that the average radionuclide activity at a crossing is no
different than that in its associated EU). For each VSP analysis, EA assumed a Type I error (α)
of 5 percent and a Type II error (β) of 10 percent 1. EA used the historic Plutonium 239/240 data
1

Type I errors occur when the null hypothesis is rejected, incorrectly. For this Project, a Type I error would occur if the radionuclide activities at a crossing are
incorrectly classified as being similar to that in the associated EU (null hypothesis rejected) when, in fact, they are higher than those in the associated EU (as stated in
the null hypothesis). Type II errors occur when the null hypothesis is accepted, incorrectly. For this Project, a Type II error would occur if the radionuclide activities at
a crossing are incorrectly classified as being higher to that in the associated EU (null hypothesis accepted) when, in fact, they are no different or lower than those in
the associated EU. From a risk perspective, Type I errors are more serious than Type II errors, which is why a more conservative Type I error was selected in VSP for
the Project.
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from the two EUs to develop the number of samples; however, all samples will be analyzed for
americium, plutonium and uranium.
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Crossing D (Indiana Street)
The disturbed area associated with the Indiana Street bridge (Crossing D) is approximately
109,000 ft2, or approximately 2.50 acres. The Plutonium-239/240 data for the 307 historic
surface soil samples from the Wind Blown Area EU (Table 2-3) were used in VSP, along with
the Type I and Type II error information described above. The VSP software calculated that
seventeen (17) samples, or one sample per 0.15 acres, would be required to reject the null
hypothesis at the Crossing D location.
Based on the relative sizes of the disturbed areas on either side of Indiana Street (Figure 1-1), EA
will collect three (3) of the samples from the area on the west side of Indiana Street and fourteen
(14) samples from the area on the east side of Indiana Street. One sample location in each
disturbed area will be located near the terminus of the bridge. The other samples will be
randomly distributed throughout the footprint of the disturbed areas and selected using the
random sampling function in VSP.
Crossing E (CO-128)
The disturbed area associated with the CO-128 underpass (Crossing E) is approximately
51,150 ft2, or approximately 1.17 acres. The Plutonium-239/240 data for 50 surface soil samples
from the Rock Creek Drainage EU (Table 2-2) were used in VSP, along with the Type I and
Type II error information described above. The VSP software calculated that eight (8) samples,
or one sample per 0.15 acres, would be required to reject the null hypothesis at the Crossing E
location.
Based on the relative sizes of the disturbed areas on either side of CO-128 (Figure 1-1), EA will
collect two (2) of the samples from the area on the south side of CO-128 and six (6) samples
from the area on the north side of CO-128. One sample location in each disturbed area will be
located on the CO-128 embankment near the proposed tunnel openings. The other samples will
be randomly distributed throughout the areas and selected using the random sampling function in
VSP.

June 20, 2018

13

Engineering Analytics, Inc.

Sampling and Analysis Plan
Rocky Mountain Greenway Trail Crossings

4.0

Rocky Mountain Greenway Partner Group

PROJECT DATA QUALITY OBJECTIVES

The DQOs and criteria for measurement data are defined below using the seven-step process
described in EPA Guidance for the Data Quality Objectives Process (EPA 2006). This sevenstep process clarifies the objectives, inputs, and decisions for the current project and helps define
the data quality requirements. Below is a brief description of the outputs of each of the seven
steps.
Step 1. Define the problem
Samples of soil are needed to confirm that the activity of americium, plutonium and uranium at
the crossing locations are consistent with historic sampling results.
Step 2. Identify the goal(s) of the study
The goal of this study is to obtain data to confirm that the risk to visitors at the crossings and
associated connector paths from americium, plutonium and uranium are consistent with historic
risk assessment findings.
Step 3. Identify Information Needed for the Decision
The inputs needed to collect representative and comparable soil data to assess visitor risk are:
•

Conceptual design plans to define the spatial boundaries of the sampling activities.

•

Previous sampling procedures and protocol to ensure that current soil samples are
collected as similarly to historic samples as practicable.

•

Historic americium, plutonium and uranium data so statistical analyses can be performed
on the population. The summary statistics will be used to define the sampling density in
the larger areas to be sampled.

•

Previous human health risk assessments.

Step 4. Define the Boundaries of the Study
Spatial Boundaries: Sampling locations are outside the Refuge boundary and on properties
owned by the members of the Partner Group, the Colorado Department of Transportation (CO128) and Jefferson County Road and Bridge Division (Indiana Street).
Temporal Boundaries: The half-lives of the americium, plutonium and uranium are long,
measured in tens of years to millions of years. The sampling event will take place over the course
of days.
Step 5. Develop a Decision Rule
The soil data will be used in conjunction with previously competed human health risk
assessments to evaluate risk to visitors of the crossings and associated connector paths.
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Step 6. Specify Acceptable Limits on Decision Error
The potential for decision errors exists because all analytical measurements inherently contain
sampling and measurement errors. Sampling design error occurs when the data collection
scheme does not adequately address the inherent variability of the matrix being sampled.
Measurement error occurs from inherent variability in the collection, preparation, and analysis of
an environmental sample. These errors will be minimized by following the procedures outlined
in this SAP, collection of field quality control samples, and by following established laboratory
protocols.
The distribution of the americium, plutonium and uranium in the Project soil samples will be
compared to the historic data to determine if the populations are equivalent.
Step 7. Optimize the Design
Ensure that samples are analyzed with methods that are sufficiently reliable and sensitive to
detect americium, plutonium and uranium in soils if activities approach or exceed reporting
limits.
No resource restraints are anticipated on this project.
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FIELD METHODS AND PROCEDURES

Soil samples will be collected in a manner to make the data consistent with the historic data, to
the extent practicable.
5.1

Soil Sampling

The soil samples will be collected from the 0 to 2-inch (5 cm) depth interval, as this interval is
consistent with the majority radionuclide data in the CDPHE database (Section 2.2.2). EA will
visually describe the texture and grain size distribution of the soil samples following the Unified
Soil Classification System (USCS). The sample color will be classified using the Munsell soil
color charts or similar system, and the moisture content of the sample will be visually estimated.
This information will be recorded in a field logbook.
At each sample location, EA staff will remove vegetation and large material (such as rocks) from
an approximate 6 inch square area. The soil will be collected with clean, stainless steel tools
from the surface to a depth of 2 inches. The soil will be sieved through a Number 10 (2 mm)
stainless steel sieve to remove coarse grained material. The soil will be thoroughly mixed in a
stainless-steel bowl, quartered and a sub-sample of approximately 500 grams will be collected
for laboratory analysis. One field duplicate sample will be generated at each crossing location
(two total).
As described in Section 3.2, one sample in each disturbed area will be collected at a biased
location, collected near the terminus of the crossing structure. The remaining samples will be
collected at random grid locations throughout the footprint of the disturbed area.
5.2

Sample Documentation

Soil samples will be labeled using their location, identification number, sample type [grab (G)]
and date of collection. The location nomenclature is:
•
•

Within or associated with (connector path) Crossing Location D (CO-128) = D
Within or associated with (connector path) Crossing Location E (Indiana Street) = E

The date will be recorded in six-digit format (MMDDYY). For example, the fourth soil sample
collected within the footprint of Crossing E on August 24, 2018 would be identified as E4G082418 on the sample label. A field duplicate at this location would be identified as E4G082418Dup on the sample label. An equipment rinsate blank (ERB) sample at this location
would be identified as E4G-082418ERB on the sample label. (Generation of rinsate is described
in Section 5.3)
Field notes and observations will be recorded in project specific water- resistant logbooks. Pages
in the logbooks will be sequentially numbered. Logbook entries will be scanned upon return
from the field and saved as portable document format (pdf) formatted files. Soil sample
collection will information will be described in the logbook and will document the following
information:
•
•

Soil description (color, texture, moisture).
Sample ID as recorded on the sample label and chain-of-custody form.
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Sample depth.
Date, time, and a description weather/field conditions.
Sample coordinates.
Name(s) of sampler.

Documentation of field activities may be supplemented using photographs. The date, time,
location, and view direction or perspective of photographs will be recorded in field log books.
Sample coordinates will be obtained using a consumer grade GPS unit. Sample locations
coordinates will be based on the Colorado Central State Plane Coordinates in NAD 27 State
plane Colorado Central.
5.3

Decontamination

Reusable sampling equipment will be cleaned prior to and between each sampling location with
Liquinox (or Alconox) solution, and then rinsed with deionized or distilled water. Cleaned
equipment will be stored in clean, plastic bags if not immediately used.
EA will generate one equipment rinsate blank (ERB) sample at each crossing location (2 total) to
document decontamination effectiveness. Approximately three (3) liters of water will be
required for the laboratory to perform the analyses. The aqueous sample will be preserved with
nitric acid, but will not require chilling.
5.4

Investigation Derived Waste

Investigation derived wastes (IDW) will be generated during the soil sampling program. IDW
will be temporarily contained and/or disposed in accordance with the procedures outlined below.
The types of IDW anticipated to be generated from the sampling activity includes:
•
•
•

Excess soil generated during excavation.
Decontamination water.
Personal protective equipment (PPE).

Handling/disposal of IDW will be completed as follows:
•

Excess soil generated during excavation – Excess soil generated during sample collection
will be returned to the excavation. The excavation will be hand compacted. Additional
soil from adjacent locations will be added to the excavation, as needed, to return the
elevation to its approximate pre-sample level.

•

Decontamination Water – The quantity of water derived during the decontamination of
soil and sediment sampling equipment will be minimal (less than one gallon) and will be
disposed on the land surface away from drainage areas and allowed to infiltrate.

•

Disposable Personal Protective Equipment (PPE) – Disposable PPE will be limited to
nitrile gloves. The PPE will be placed in plastic bags along with other solid waste (e.g.,
paper towels) and disposed as solid waste at an off-site location.
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SAMPLE CONTAINERS, PRESERVATION, PACKAGING AND SHIPPING

The soil samples will be placed in new and certified clean wide-mouth glass (WMG) jars
supplied by the laboratory. No preservation for the soil samples is required. Sample containers
will be stored upright in an ice chest or other large container for security. The containers will be
wrapped in bubble-wrap to inhibit breakage.
All samples transmitted to the ALS Global Laboratories (ALS) in Fort Collins, Colorado will be
accompanied by a completed and signed Chain-of-Custody record. One copy of the Chain-ofCustody will accompany the samples and a copy of the Chain-of-Custody will be retained by the
sampling personnel. EA personnel will hand deliver the samples to ALS.
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LABORATORY TESTING

The samples will be analyzed for Americium-241, isotopic plutonium and isotopic uranium by
ALS Global Laboratories via alpha spectroscopy. Information about the analytical method that
ALS will use to test the soils is described in Table 7-1.
Table 7-1 Radionuclide Analytical Testing Information
Radionuclide

Method

Am-241
Pu-238
Pu-239/240
U-234
U-235
U-238

ASTM Method D3972
ASTM Method D3972
ASTM Method D3972
ASTM Method D3972
ASTM Method D3972
ASTM Method D3972

Minimum Detectable
Concentration (MDC)
(pCi/g)
0.1
0.15
0.1
0.1
0.1
0.1

Standard turn-around-time for americium, plutonium and uranium analyses is 30 days. ALS will
provide the test results as both an electronic data deliverable (EDD) format (MS Excel
spreadsheet) and a printable PDF laboratory report. The laboratory report will provide a Level II
quality control (QC) package which will contain: Case Narrative, Receipt Documentation and
Chain-of Custody, Individual Sample Results, and laboratory QC sample results for Blanks,
Duplicates and Laboratory Control Samples.
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DATA REVIEW AND USEABILITY

EA will review the field records and laboratory analytical reports. The laboratory analytical data
will also be reviewed for data quality indicators (precision, accuracy, representativeness,
comparability and completeness). As indicated in Section 7, ALS will provide Level II QC
reporting of their radiochemistry results.
8.1

Data Review, Verification and Validation

After the field sampling activities are completed EA staff will review the field records to assess
compliance with the items listed below:
•
•
•
•
•
•
•

Samples correctly identified.
Field logbooks and documentation are complete.
Laboratory receipt of sample documented.
Required field data collected and acceptable.
Required sampling procedures were followed and, if not, deviations are
documented.
Required field QC samples were collected.
Custody records are complete.

EA staff will also review the laboratory records to assess if the laboratory reporting is accurate
and complete, and to assess compliance with the items listed below:
•
•
•
•
•
•
•

Samples are correctly identified.
Custody records are complete and traceable.
Samples were appropriately containerized, and the proper amount received to
perform the requested analyses.
All sample analyses are correctly identified and complete.
All analytical methods are pursuant to this SAP.
All applicable performance criteria are addressed.
Required QC samples are present and results within performance criteria.

EA will compare the original sample information entered on the chain of custody to the
information in the laboratory reports and EDD. EA will verify information for fields in the EDD
such as laboratory ID, batch numbers, method numbers, minimum detectable concentration, field
sample numbers, sample dates, preparation dates, analysis dates, flag codes, etc.
8.2

Data Quality Indicators/Measurement Quality Objectives

Performance criteria for radiochemical analytical data will be based on the evaluation of
Measurement Quality Objectives (MQO). MQOs are quantitative statistics and qualitative
descriptors used to interpret the degree of acceptability of data. Failure to meet performance
criteria will not necessarily result in rejection of the data. Professional judgment, combined with
the MQO evaluation, will be used to determine data usability. These acceptance criteria were
developed in consideration of Appendix C “Measurement Quality Objectives for Method
Uncertainty and Detection and Quantification Capability” of the Multi-Agency Radiological
Laboratory Analytical Protocols Manual (MARLAP [EPA, 2004]).
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Objective measurements of analytical data quality are required for laboratory analysis of
environmental samples. The principal Data Quality Indicators (DQIs) of analytical data quality
are precision, accuracy, sensitivity, representativeness, comparability, and completeness, as
identified in EPA QA/G-5 (EPA, 2002b). For this SAP, an additional MQO has been added for
uncertainty as recommended by MARLAP. The quality of laboratory analytical results are
assessed using specific laboratory QC samples, which are compared to specific performance
criteria (control limits) for each DQI. Laboratory QC samples are discussed below. These
discussions include the decision rule for assessing laboratory performance with respect to the
relevant DQI presented.
Total Uncertainty
The primary laboratory measurement of uncertainty for a reported radiometric value is the
combined standard uncertainty, also referred to as the total propagated uncertainty (TPU). The
TPU is the standard deviation of all the components of error that may be associated with a
sample result. Acceptable levels of uncertainty pursuant to Multi-Agency Radiological
Laboratory Analytical Protocols (MARLAP) are based on the region defined as the difference
between the upper (UBGR) and lower bound (LBGR) of the concentrations of interest and the
defined decision error probabilities. In this case, the UBGR is considered to be the average
concentration of the radionuclides in the applicable EU.
Precision
The primary laboratory QC samples assessing precision are duplicate samples. Laboratory QC
duplicates may include other QC samples, such as matrix spike (MS) and matrix spike duplicate
(MSD) samples.
Laboratory duplicate results are evaluated by comparing the results from the primary and
duplicate sample with respect to each other using either the relative percent difference (RPD) or
the absolute difference (AD) of the two measurements. The following DQI are applied to
laboratory analytical results to assess precision for Project samples.
The total variance of the data, (σ2 ) is the sum of two components:
σ2 = σ2M and σ2S

Where
σ2M = variance of the analytical measurement, and
σ2S = variance of the contaminant concentration in the sampled population.
The sampling standard deviation, σs, may be affected by the spatial distribution of the analyte,
the survey unit extent, physical sample sizes and sampling procedures. The analytical standard
deviation, σm, is affected by laboratory sample preparation, aliquot selection, and analysis
procedures.
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Relative Percent Difference (RPD)
When the average of the analytical results (the duplicate pairs) is greater than or equal to the
UBGR, (e.g., x̅ > 9.44 for Pu-239/240 in the Wind Blown Area EU) the RPD is calculated as
follows:
RPD =
Where:

|D1−D2|

avg(D1+D2)

x 100

D1 = First or primary sample value
D2 = Second or duplicate sample value
Warning limit for RPD is 75% and control limit is 113% (MARLAP, Appendix C.4.2.2)
Absolute Difference (AD)
When the average of the analytical results (the duplicate pairs) is less than the UBGR (e.g., x̅ <
9.44 for Pu-239/240 in the Wind Blown Area EU), the AD is used instead of the RPD and is
calculated as follows:
AD = |𝐷𝐷1 − 𝐷𝐷2|

This is keeping with Section C.4.2.2 of Appendix C to MARLAP (EPA, 2004).
Accuracy and Bias
The primary laboratory QC samples assessing accuracy and bias include those listed below:
•
•
•

Blanks
Matrix blank (MB)
Laboratory control samples (LCS)

The following DQI are applied to laboratory analytical results to assess accuracy and bias.
Matrix Blanks (MB)
For radionuclides in MB, the results should be zero. However, due to the nature of
radiochemistry measurement performance indicator is the allowable TPU of 0.1 pCi/g. This
TPU is used for the MB since this sample should be near or close to zero.
The warning limit for measured concentrations are ±0.2 pCi/g and the control limit is ±0.3 pCi/g
(MARLAP, Appendix C.4.2.3).
Laboratory Control Samples (LCS)
The LCS consist of a National Institute of Standards and Technology (NIST) traceable reference
material with known concentrations of target analytes. The LCS is used to document laboratory
performance by checking the accuracy of the analytical procedure. The LCS are obtained by the
analytical laboratory from an outside vendor and consist of the same type of matrix (e.g., solid,
aqueous) as the batch samples.
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For LCS, the DQI assessing the method is the percent deviation (%D), which is compared to
control limits. For LCS, the %D is calculated as follows:
%D=
Where:

𝑆𝑆𝑆𝑆𝑆𝑆−𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆

x 100

SSR = The measured result
SA = The known concentration
It is assumed that the uncertainty of SA is negligible so the maximum allowable relative standard
deviation of %D is the same as the SSR.
Sensitivity
ALS is obligated to meet the MDCs for the radionuclides provided in Table 7-1. These MDCs
are compared to the Preliminary Remediation Goals (PRGs) developed for the RI/FS (KaiserHill, 2006) in Table 8-1.
Table 8-1

Radionuclide Analytical Testing Sensitivity

Radionuclide

Am-241
Pu-238
Pu-239/240
U-234
U-235
U-238

Minimum Detectable
Concentration (MDC)
(pCi/g)
0.1
0.15
0.1
0.1
0.1
0.1

Wildlife Refuge
Worker PRG
(pCi/g)
11.5
22.9
9.3
20.0
4.5
22.9

Note: PRGs revised in 2017 as shown in Table 7 of https://www.lm.doe.gov/Rocky_Flats/Regulations.aspx

The MDCs proposed by ALS are less than the PRGs. If achieved, the MDCs will be sensitive
for each parameter.
Representativeness
Quality program assessments (e.g., field oversight and audits) will be used to verify that the
methods described in this SAP are followed. No MQO is developed for this DQI.
Completeness
Completeness is assessed by the ratio of fully usable data points to the total number of data
points. The MQO for analytical laboratory data completeness is 95%, though failure to achieve
this goal does not necessary indicate required re-sampling and/or re-analysis. For the assessment
of this performance criteria, “Complete Data” does not exclude data that is flagged (qualified) as
near or less than the MDC or data flagged with a non-quality control qualifier (not quality
control related).
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Comparability
Comparability is a qualitative term that expresses the confidence that one data set can be
compared to another and can be combined for the decision(s) to be made. Comparability is
assessed by comparing sample collection and handling methods, sample preparation and
analytical procedures, holding times, stability issues, and QA protocols. Comparability is also
assessed through laboratory performance evaluations. Data are considered comparable when
acquired through means resulting in comparable quality (precision, bias, accuracy, sensitivity,
etc.).
8.3

Data Usability

The data usability process is the final assessment that will be performed to ensure that the
implementation of the sampling and analysis program described in this SAP provides results that
can be used to meet the DQOs and data quality requirements. Components of the data review
process include; evaluating the data against the data quality indicators of precision,
accuracy/bias, representativeness, completeness, and comparability; review of field and
laboratory QC results; data verification and validation results; and evaluating the data for
suitability based on the intended use. Deficiencies identified during this assessment will be
reported to the Project Manager along with an indication of how the assessment will impact the
use of the data. Limitations on the data will be communicated to the data users and, as
appropriate, through the use of data qualifiers.

June 20, 2018

24

Engineering Analytics, Inc.

Sampling and Analysis Plan
Rocky Mountain Greenway Trail Crossings

9.0

Rocky Mountain Greenway Partner Group

REFERENCES

Central Federal Lands, Federal Highway Administration (2016). Rocky Mountain Greenway
Feasibility Study.
Chem-Risk (Phase I) & Radiological Assessment Corporation (Phase II). (1990-1999). Rocky
Flats Historical Public Exposures Studies prepared for the Colorado Department of
Public Health and Environment.
Colorado Department of Health and Public Environment (2016). Colorado Code of
Regulations, Radiation Control. Standards for Protection Against Radiation (6 CCR
1007-1 Part 04)
Colorado Department of Health and Public Environment (2016b). Public Testimony by State
Project Manager.
CTL Thompson Inc. (2011). Limited Surface Screening for Radiation Levels Candelas
Development, Arvada. Colorado August 24.
CTL Thompson Inc. (2013). Limited Surface Screening for Radiation levels Candelas
Development, Filing 3 Arvada, Colorado March 8.
Hydros Consulting. (2014). Offsite Human Health Risk Assessment Findings from Rocky
Flats. June 3.
Institute for Energy and Environmental Research (2001). Setting Cleanup Standards to Protect
Future Generations: The Scientific Basis of the Subsistence Farmer Scenario and Its
Application to the Estimation of Radionuclide Soil Action Levels (RSALs) for Rocky
Flats. December.
Jefferson and Boulder Counties, Colorado. (2006) Corrective Action Decision/Record of
Decision for Rocky Flats Plant (USDOE) Peripheral Operable Unit and Central Operable
Unit. September.
Kaiser-Hill Company. (2006). RCRA Facility Investigation - Remedial
Investigation/Corrective Measures Study – Feasibility Study Report for the Rocky Flats
Environmental Technology Site. June.
Kaiser-Hill Company. (2004) Industrial Area and Buffer Zone Sampling and Analysis Plan
Modification 1. May.
Nuclear Regulatory Commission (NRC Title 10 Part 20) (1991). Standards for Protection
Against Radiation.
Risk Assessment Corporation. (1999) RAC Report No. 5-RSALOP-RSAL-1999-Final “Final
Report Task 6: Radionuclide Soil Action Level Oversight Panel.” December.
June 2018

25

Engineering Analytics, Inc.

Sampling and Analysis Plan
Rocky Mountain Greenway Trail Crossings

Rocky Mountain Greenway Partner Group

US Fish and Wildlife Service. (2006). Modified Level III Pre-acquisition Environmental
Contaminants Survey for Rocky Flats Environmental Technology Site.

June 2018

26

Engineering Analytics, Inc.

LEGEND
Parcel Ownership

128 Crossing

Potential Disturbance Area

Colorado 128

0

Right of Way
County BRMF

USA

Right of Way
0

Project No. 110836

125

250

62.5

125

Indiana Street

P:\110836 Rocky Mtn Greenway Trail Sampling\2.0 EA Technical Info\2.4 GIS\Figures\Fig 1-1 Areas of Disturbance.mxd Date Saved: June, 21, 2018

Right of Way

250

375

500

Feet
Service Layer Credits: Sources: Esri, HERE,
DeLorme, USGS, Intermap, INCREMENT P,
NRCan, Esri Japan, METI, Esri China (Hong
Kong), Esri Korea, Esri (Thailand),

Indiana Crossing

Women Creek Reservoir Authority
Women Creek Reservoir Authority
500

750

1,000

Feet

0

0.125 0.25

0.5

0.75

1

Miles
May 2018

FIGURE 1-1
MAP OF POTENTIAL DISTURBANCE AREAS
ROCKY MOUNTAIN GREENWAY

128 Crossing

Rock Creek Drainage
Lower Walnut Drainage
No Name Gulch Drainage

Upper Walnut Drainage

West Area

Inter Drainage

Indiana
Crossing

Industrial Area

Wind Blown Area

Potential Areas of Disturbance
Exposure Unit boundary
Upper Woman Drainage
Lower Woman Drainage

Southwest Buffer Zone Area

Project No. 110836

Engineering Analytics, Inc.

NOTE:
FIGURE 3.15 FROM RCRA FACILITY INVESTIGATION REMEDIAL INVESTIGATION/ CORRECTIVE MEASURES
STUDY - FEASIBILITY STUDY REPORT FOR THE ROCKY
FLATS ENVIRONMENTAL TECHNOLOGY SITE (JUNE 2006).
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NOTE:
FIGURE 3.16 FROM RCRA FACILITY INVESTIGATION REMEDIAL INVESTIGATION/ CORRECTIVE MEASURES
STUDY - FEASIBILITY STUDY REPORT FOR THE ROCKY
FLATS ENVIRONMENTAL TECHNOLOGY SITE (JUNE 2006).
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FIGURE 2-2
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NOTE:
FIGURE 3.17 FROM RCRA FACILITY INVESTIGATION REMEDIAL INVESTIGATION/ CORRECTIVE MEASURES
STUDY - FEASIBILITY STUDY REPORT FOR THE ROCKY
FLATS ENVIRONMENTAL TECHNOLOGY SITE (JUNE 2006).
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FIGURE 2-3
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NOTE:
FIGURE 3.18 FROM RCRA FACILITY INVESTIGATION REMEDIAL INVESTIGATION/ CORRECTIVE MEASURES
STUDY - FEASIBILITY STUDY REPORT FOR THE ROCKY
FLATS ENVIRONMENTAL TECHNOLOGY SITE (JUNE 2006).
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FIGURE 2-4
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NOTE:
FIGURE 3.19 FROM RCRA FACILITY INVESTIGATION REMEDIAL INVESTIGATION/ CORRECTIVE MEASURES
STUDY - FEASIBILITY STUDY REPORT FOR THE ROCKY
FLATS ENVIRONMENTAL TECHNOLOGY SITE (JUNE 2006).
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FIGURE 2-5
URANIUM-238 ACTIVITY IN SURFACE SOIL
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