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Executive Summary

The remedies for the various Operable Units (OUS) of the Denver Radium Superfund Site in

Denver, Colorado generally required excavation and ofT-site disposal of radiologically­

contaminated soil, institutional controls for any residual waste, and monitored natural attention for

those OUs where groundwater is contaminated. One OUt where soil was contaminated with

metals, consolidation and capping was the selected remedy. This remedy included institutional

controls and groundwater monitoring for natural attenuation. The Site achieved construction

completion with the signing of the Final Close Out Report in September, 2006.

The State of Colorado has completed this third Five~Year review of the remedial actions performed

at the Denver Radium Site. The assessment of this Five-Year review found that the remedies were

constructed as designed. All human heallh and environmental threats have been addressed and the

remedies arc expected to be protective as long as institutional controls are effective.

The review was conducted from June through September 2008. This review covers only those

properties where waste remains in place and those properties are not available for unrestricted use

and unlimited exposure. The results of this third Five-Year review indicate that the remedies at all

properties are operating as designed and are proteclive of human health and the environment.

IV
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Five-Year Review Summary Form

SIll· IIlI· N 111'1(';\ I ION

Site name (from WasteLAN): Denver Radium Site

EPA ID (from WasteLAN): COD980716955

Region: 8 City/County: DcnvcrlDenver

NPL Status: "Final, 0 Deleted, 0 Other (specify)

Remediation Status (choose all that apply): 0 Under Construction, 0 Operating, _ Complete

Multiple aUs? _ Yes, 0 No Construction Complete date: September 27, 2006

Has site been put into reuse: Some properties or certain OUs have continued to be used and/or have
been redevelo ed. Please refer to text descri tion for each au.

Reviewing Agency: 0 EPA, _ State, 0 Tribe, 0 Other

Author Name: Mark Rudolph

Author Title: Remedial Project Manager Author Affiliation: CDPHE

Review period: June 2008 to Septcmber 2008

Date(s) of site inspection: 5/2008 through 6/2008

Type of Review: "Statutory, 0 Policy (0 Post-SARA, 0 Pre-SARA,o NPL-Removal Only)
o Non-NPL Remedial Action Site, 0 NPL State Tribe Lead
Review number: 0 1 (first), 0 2 (second), " 3 (third), 0 Other (specify)

Triggering action: 0 Actual RA Onsite Construction at OU#, 0 Actual RA Start at OU#,
o Construction Com letion, _ Previous Five-Year Review,o Other s eci
Triggering action date (from WasteLAN): 09/2003

Due Date (Five-Years after triggering action date): 9/30/2008

v
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Recommendations and Follow-up Actions:

Issue Recommendation and Follow-up Action p,rty Milestone Affects
Responsible Dale Proleetiveness

(YIN)
Current Future

Tracking of CDPHE and the City and County of Denver arc CDPHE 1/2010 N N
Institutional developing a tracking system through the city's and City
Controls building permit system for all materials left in place and COWlty

under Supplemental Standards or Area Averaging. of Denvcr
This will further strengthen the existing Institutional
Controls.

Deletioll Constmction is complete, instimtional controls have EPA 6/2009 N N
been implemented, and performance standards have
been met. The Site should be deleted from the NFL.

OU3 Ground Allow for natural attenuation of site related CDPHE 09/2013 N N
Water contaminants.

OUS Ground Ground water monitoring at OU8 is ongoing. CDPHE 912013 N N
Water Monitoring frequency should be reduced to an annual

basis and allow for natural attenuation of site related
contaminants. Monitoring frequency should be
changed to twice per year based Oil low and high water
table TCl!imes.

OU98 Ground Ground water monitoring at OU9D is ongoing. CDPHE 09/2013 N N
Water Monitoring frequency should be delayed until CDOT

has completed the improvements along Interstate 25
ad'acent to the site.

Protectiveness Statement:

Because the remedial actions at all aus are protective, the site is protective of human health and
the environment.

VI
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1.0 INTRODUCTION

The purpose ofrhe five-year review is to detennine whether the remedy at a site is
protective of human health and the environment. The methods, findings, and conclusions of
reviews are documented in five-year review reports. Tn addition, five-year review reports
identify issues found during the review, if any, and identify reconmlcndations to addrcss
them.

The Agency is preparing this five-year review report pursuant to CERCLA §121 and the
National Contingency Plan (NCP). CERCLA §121 states:

Ifthe President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review slIch remedial
flO less often tllan each Five-Years after tile initiation ofsuch remedial action to ensure that
humanltealtlt and tlte environment are being protected by the remedial action being
implemented. /n addition, ifupon such review it is the judgment ofthe President that action
is appropriate at sllch site ill accordance with section {I04] or [106J. the President shall
take or require such actiol/. The President sltall report £0 the Congress a list offacilities for
which such review is required, the results ofall such reviews, and any actions taken as a
result ofsuch reviews.

The Agency interpreted this requirement furthcr in the NCP; 40 CFR § 300.430(1)(4)(ii)
statcs;

Ifa remedial action is selected that results in hazardous substances, pollutants. or
cOlltaminams remaining at tlte site above the levels that allowfor unlimited lise and
unrestricted exposure, the lead agency shall review slIch action no less often than every
five-years after the initiation ofthe selected remedial action.

This five-year review exanlines only those properties where waste remains in place and
those properties are not available for unrestricted use and unlimited exposure. The State of
Colorado Department of Public Health and Environment (CDPHE) conducted this review.
This is the third five-year review completed for the Denver Radium site. In keeping with
the requirements of CERCLA §121 (c) and the NCP, the subsequent five-year review
triggers from the signature date of the previous five-year review. The first Denver Radium
Five-Year Review was completed in 1994. A second five-year review was submitted as
draft on November 20, 1998, but was never finalized due to unresolved comments between
EPA and the City and County of Denver. The second, finalized, five-year review was
completed on September 30, 2003.

The CDPHE Community Involvement Program is committed lo promoting communication
between citizens and CDPHE. The Community Involvement Plan (CIP) Update completed
in 2003 (Appendix A oflhe 2003 five-year rcview) describes the community involvement
and public participation program developed for the Denver Radium Superfund Site (Denver
Radium) in Denver, Colorado. This CIP Update was developed in coordination with the
U.S. Envirorunental Protection Agency (EPA) and updates the previous CIP, dated
September 1989.
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The results of this third five-year review indicated that because the remedial actions at all
aus are protective, the site is protective of human health and the environment. Anothcr
five-year review will be required for those properties where waste is left in place in
September 2013.

2.0 SITE CHRONOLOGY

Table!
C fS' Ehronology 0 Ite ..vents

GENERAL
Deuver Radium Site Added to National Priorities List (NPL) September 1983
EPA and the State of Colorado enter into State Superfund Contract May 1988
(SSC) for remcdial action at the Denver Radium site.
City and County of Denver ordinance, covering radioactive wastes August 2004
left in place site-wide, adopted.
Colorado State Engineer establishes .groundwater notification IC July 2006
Final Close Out Report September 2006
Ooerable Unit I
Record of Decision issued September 1987
Remedial Action ComDlete and no wastc remains in Dlace july 1991
Operable Unit 2
Record ofDccision issued Seotember 1987
Explanation of Significant Differences September 1993
Remedial Action Complete August 1993
Review of SUDDlemcntal Standards ReDort May 2005
Atlas Umatilla, LLC - Environmental Covenant July 2006
Operable Unit 3
Record of Decision issued September 1987
Explanation of SiQ.ni ficant Differences December 1993
Remedial Action Complete September 1991
Review ofSupplcmental Standards Report November 2005
OU4J5
Record of Decision issued September 1986
Remedial Action CornDlete and no waste remains in olace at au 5 March 1991
Review of Supplemental Standards March 1994
Explanation ofSignificant Differences December 1994
Home DeDOt files and records Notice and Covenant Julv 1995
Review of Supplemental Standards Report April 2008
OU6, OU9A and OU II
Record of Decision issued September 1987
Exolanation ofSilffiificant Differences January 1995
Remedial Action Complcte and no wastc remains in place December 1993
Resolution of undocumented Removal Action in au 6 - Gamma January 2004
Survey was conducted
Letter from City and County of Denver indicating removal of November 2005
contamination from City streets in au 6

2
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Tablel
Chronolol!v of Site Events

Demolition of Environmental Materials structure and removal of July 2006
all waste for disposal through the City and County of Denver
ODerable Unit 7
Record of Decision issued (NO ACTION ROm March 1986
Explanation of Significant Differences SeDtember 1992
Notice of remediation from City and County of Denver - March 2005
Humboldt Street and Lafayelle Street segments
Notice of remediation fTom City and County of Denver - Downing November 2005
Street se1J ment
Notice of remediation of all remaining street segments ~ No December 2007
wastes remain in olace in OU7.
ODerable Unit 8
Record ofDecision issued Januarv 1992
Record of Decision Amendment June 2000
Remedial Action Complete and no waste remains in the soil but September 2006
the groundwater is contaminated
Explanation of Signi ficant Di fferences March 2007
ODerable Unit 9A (Radiolo"ical Portion) See OU 6, 9 & III
ODcrable Unit 9B
Record of Decision issued Dccember 1991
Remedial Action Complete ADril 1996
Operable Unit 10
Record of Decision issued June 1987
Remedial Action Complete and no waste remains in place SeDtember 1989

3.0 BACKGROUND

This section provides a short summary orthe Background for this Site. A more detailed
summary can be found in the 2003 Five-year review or the September 2006 Final Close Out
Report.

Physical Characteristics

The Denver Radium Site, located in Denver, Colorado, consists of over 65 properties along
the South Platte River Valley. Depth to groundwater ranges from about 10 feet to 25 feet.
The topography oflhe site is predominantly flal. The climate of the area is typified by low
annual precipitation, averaging about 14 inches per year.

1 There are two Operable Units that were labeled 9. One is located on E. Colfax Avenue (OU9A) and is discussed as
part of the "Open Space" properties (OU 6, 9, II). The other is located on South Santa Fe Drive (OU9B) and includes
the metals contamination discovered at the RODCO site (OU4 radioactive materials). OU4 and OU98 cover the same
property but address different contaminant".

3
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Land and Resource Use

Most of the properties within the Site are either commercial or industrial, although there are
a few residential properties and some open space included in the Site, as well. Potable
water is provided through a municipal water supply across the Site.

Historv of Contamination

The Denver Radium Site properties were contaminated by radioactive residues derived from
the processing of radium in the early 1900s (Figure 1). In 1913, the National Radium
Institute (NRI) was established in Denver as a domestic source of radium, which was in
high demand in cancer therapy and research. Subsequently, the radium, vanadium, and
uranium industry thrived in Denver until the early 19205, when rich ore deposits were
discovered in Africa.

Initial Response

Tn 1979. EPA noted a reference to the National Radium Institute in a 1916 United States
Bureau of Mines report. Subsequent field research revealed the presence of thirty·one
radioactive sites in the Denver metropolitan area. In August, 1981, the Colorado
Department of Health, under a Cooperative Agreement with EPA, assumed lead activities
and initiated engineering assessments of the majority of the original 3 I radioactive sitcs. In
October. 1981. shortly after the Cooperative Agreement was awarded to the State. the
Denver Radium Site was placed on the Interim Priorities List. The Site was included on the
FinaJ National Priorities List promulgated on September 3, 1983. The radioactive sites
were divided into eleven geographically separated OUs to simplify the cleanup process.

Basis for Taking Action

The Site-wide Remedial Investigation, complete in April 1986, focused on radium and
uranium processing residues discarded in the early 1900s. These residues contained
uranium, radium, and thorium. Of prime interest is radium-226 (Ra-226). its associated
radioactivity (gamma radiation and radon-decay products) and its tcndeney to decay to
radon gas, which constitutes the primary health risk associated with residues from
processing facilities.

Soil within the Denver Radium properties was considered contaminated when radium·226
concentrations cxceeded 5 pCilg above background in the top 15 em of soil. or 15 pCilg
above background in any layer below the top 15 cm (i.e., the 40 CFR Part 192 UMTRA
standard which was considered the principal ARAR for this Site). The background levcl
used for the Denver Radium Site was 2.0 pCi/g. Additional metals' contamination
including radioactive lead-2 IO. thorium-230, and uranium. as well as non-radioactive
metals such as lead and arsenic, was also identified in site soil. The majority of the
additional contaminants wcre co·located with the radium-226 contamination.

4
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4.0 REMEDIAL ACTIONS

This section describes only those OUs, or portions ofOUs, where waste remains in place
and properties are not available for unrestricted use and unlimited exposure. The Denver
Radium Final Close Out Report, dated September 25, 2006, identified properties within
OUs 2, 3, 4, 8 & 98 as properties that will require Five-Year Reviews into the future.

Remedy Selection

There are five OUs (OUs 2, 3, 4, 8. and 98) where waste remains in place and properties are
not available for unrestricted use and unlimited exposure. The dates for the original
Records of Deeision (RODs) and any Explanations ofSignifieant Differenees (ESDs) or
ROD amendments for these OUs where waste remains in place arc as follows:

OU 2 ROD September 1987, ESD September 1993
OU 3 ROD September 1987, ESD December 1993
OU 4 ROD September 1986, ESD Deeember 1994
OU 8 ROD January 1992, ROD Amendment June 2000, ESD September 2006
OU 98 ROD Deeember 1991,

Remedial Action Objectives (RAOs) were developed in the Site-Wide Remedial
Investigation to address the radium and uranium processing residues scattered throughout
the Site. Thus the RAOs for the OU 2, 3, 4, and 8 remedies were to prevent: radiation
exposure due to inhalation of radon gas and its daughter products; radiation exposure due to
inhalalion and ingestion oflong-lived radionuclides; and direct exposure to gamma
radiation. The ESDs and ROD Amendment did not ehange these RAOs.

OU 98 was established after a substantial volume of metal contaminated soil, not
commingled with radioactive residues, was discovered during remedial action at OU 4. The
RAOs for the remedy for OU9B, set forth in the ROD for OU 98. were to prevent direct
contact with or ingestion of metals contaminated soil that exceeded health-based action
levels and to prevent use of metals-contaminated groundwater.

Operable Units 2, 3, and 4

EPA selected excavation and offsite disposal as the remedy for OUs 2, 3, and 4. At the time
the RODs were signed. there werc no disposal facilities in the nation that accepted radium
wastc. For this reason, the RODs included temporary onsite storage of the contaminated
material. However, temporary onsite storage was not required since a permanent disposal
facility opened before excavation began. The excavated material was shipped by rail to
Enviroeare of Utah, Inc., a disposal facility in Tooele County, Utah.

The remedies implemented at OUs 2, 3, and 4 differed from the remedies chosen in the
respective RODs partially due to the difficulties of estimating the actual volume of material
to be excavated and the inabitity to, or the prohibitive cost to. excavate around and under
buildings, buried utilities, and in groundwater. These changes were documented in ESDs
prepared and signed at each OU. The primary differences for each OU are described below.

5
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The primary changes documented in the OU 2 ESD are;

• A greater volume of radium-contaminated soil was excavated and removed;
• Small amounts of radium contamination were left on the 1100 Umatilla Street

and Burlington Northern Railroad properties pursuant to Supplemental Standards
under 40 CFR §I92.2 I(c), thus ICs are required;

• There was no temporary onsite storage; and
• Soil containing commingled radium and lead was solidified in a cement matrix

prior to shipment to a pennanent, offsite disposal facility.

The primary changes documented in the OU 3 ESD are:

• No temporary storage prior to removal and shipment of contaminated material to
the pennanent offsite disposal facility;

• Over 52,000 cubic yards of contaminated soi.! were excavated and the area of
cont'aminalion extended east of South Jason Street;

• As pan of the remediation. the Creative Illumination building was demolished.
contaminated material was removed. and the contaminated materials were
shipped to the offsite repository; and,

• Contaminated soil was left in place under South Jason Street, around the
Packaging Corporation of America building, and along South Platte River Drive
pursuanl to Supplemental Standards under 40 CFR §192.21(c), thus ICs arc
required.

The primary changes documented in the OU 4 ESD are:

• The volume of contaminated soil increased; and
• Relatively small volumes of contaminated soil were left in place on the ROBCO

property pursuant to Supplemental Standards under 40 CFR §192.21 (c), thus,
rcs are required.

Operable Unit 8

The original OU 8 ROD. signed in January 1992 selccted on-site stabilization and
solidification with ICs as the remedy for soil and natural attenuation with monitoring and
ICs for groundwater.

EPA conducted a five-year review of the Shattuck Site in 1999 and found site-specific
deficiencies in the solidified material cover design, the structural and chemical integrity,
and the compliance program. Based on these findings, EPA modified the OU 8 remedy in a
June 16.2000 ROD Amendment that selected excavation and off-site disposal of the soil
that had been solidified. The Amended ROD did not fundamentally allcr the groundwater
remedy. An ESD for the ROD Amendment was signed in September 2006 primarily to
documenl that the costs of the amended remedy were substantially higher than estimated in
the ROD Amendment and the volume of waste also were increased.

6
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Operable Unit 9B

The major components oCthe remedy included: consolidating and capping the metals·
contaminated soil; conducting environmental monitoring necessary to ensure effectiveness
oCthe remedial action; and, implementing institutional controls to limit usc orthe site and
maintain the integrity of the cap.

Remedy Implementation

Operable Unit 2

Denver Radium OU2 includes the CoUowing properties, where waste remains in place,
located near 11 th Avenue and UmatiUa Street in Denver, Colorado:

rf
Table 2

bl U ·t 2 PoJpera e "' rope les
Operable Unit Property Name at Time of ROD Address

ODZ DuWald Steel 1100 Umatilla Street
OU2 Burlington Northern Railroad !Between lOtn and lltn Avenues

Remedial actions at OU2 began in August 1990 and were completed in August 1993. A
phased approach to the cleanup allowed onsite businesses to maintain operations throughout
the excavation and shipment of92,731 tons of contaminated soil from OU2. Activities
included:

• Excavation of radium contaminated soil in open areas;
• Analysis of the contaminated materials for disposal to ensure compliance with

transportation and disposal regulations;
• Shipment of contaminated materials to the pemlanent offsite disposal facility;

and
• Confirmation sampling of excavated area.

The remedy, as implemented, differed in several respects from the remedy chosen in the
1987 ROD. EPA issued an ESD for OU2 in September 1993 to document those
implementation differences.

A Supplemental Standards Report was prepared in May 1994 to document that 11,060 cubic
yards of radiological contaminated soil were left in place on the Burlington Northern
Railroad property and the 1100 Umatilla Street property at OU2. The location of this
contamination is shown on Figures 4 and 5.

Pursuant to the temlS of an administrative settlement agreement, the current owner of the
former DuWald property, Atlas Umatilla, LLC, has prepared and is implementing an O&M
Plan and signed and executed an environmental covenant on June 25,2006. The
environmental covenant restricts disturbance of the concrete cap and subsurface soil and
prohibits use of groundwater for the 1100 Umatilla Street property. In addition, ICs are

7
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provided at both properties that have wastes left in place by a City and County of Denver
Municipal ordinance (Denver Ordinance) that has created special zoning for these
properties and prohibits disposal of these materials in Denver without payment ofa fee.

Operable Unit 3

OU3 is in the area of West Louisiana Avenue, South Jason Street and South Platte River
Drive (Fib'Ures 8 and 9). The following properties include n::~idual waste:

Table 3
o blJpera e UOIt 3 PropertIes

om Packaging Corp of 1377 South Jason Street
America

OU3 Central and Sierra Railroad Between West Louisiana and
ROW West Florida Streets

OU3 Kwan Sang Noodle 1140 W Louisiana Ave
Company, fonnerly Titan
Labels

Remedial actions at aU3 began in August 1989 and were completed in September 1991. A
phased approach to the cleanup allowed onsite businesses to maintain operations throughout
the excavation and shipment of63,672 tons of contaminated material from OU3. Activities
included:

• Excavation ofradium contaminated soil in open areas;
• Demolition of certain radium-contaminated buildings;
• Analysis of the contaminated materials to be disposed to ensure compliance with

transportation and disposal regulations;
• Shipment of contaminated materials to the pennanent offsite disposal facility;

and
• Confirmation sampling of excavated area.

The remedy, as implemented, differed in several respects from the remedy chosen in the
1987 ROD. An ESD documenting these differences was issued in December 1993.

A Supplemental Standards Report was prepared in June 1995 to document the 5,868 cubic
yards of radiological contaminated soil that remain onsite under South Jason Street, around
the Packaging Corporation of America building, and along South Platte River Drive at
OU3. The location of this contamination is shown on Figures 8 and 9.

lCs are provided at the properties in OU 3 where wastes have been left in place by the
Denver Ordinance. An infonnationallC was established for ground water in the vicinity of
OU3 by the Colorado State Engineer. If any person seeks to drill a well into groundwater in
this area, the State Engineer notifies that person that the groundwater is contaminated. They
are also notified that they should conlact EPA and CDPHE and thal the State Engineer will
send a copy of the well permit to EPA and CDPHE.

8
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Previous sampling conducted in 2001 in the area ofOU3 identified a monitoring well at
Hospital Shared Services (HSS) with elevated levels of gross alpha and gross beta
contamination. In July 2003, five new ground water monitoring wells surrounding the OU3
site were installed and developed. These weIls, along with the one existing wellloeated at
the Hospital Shared Services property, were then sampled by CDPHE in July, 2003.
Analytical results revealed significantly lower concentrations of contaminants in the HSS
well as compared to the December 2001 results. Analysis of samples collccted in July
2003, February 2004 and June 2006 show that the two monitoring wells that exhibited
radionuclide contamination (OU3-GW4 and OU3-GW5) are located directly in wastes left
behind under Supplemental Standards (OU3-GW5) or directly down gradient of those
wastes (OU3-GW4). The seasonal change in ground water flow is likely the cause of the
change in well OU3-GW4 from being above the Drinking Water Standards in July 2003, to
being below the Drinking Water Standards in February 2004. In summer months, when the
South Platte River is high, the local aquifer is gaining water from the river itself and the
water flow gradient may tend to be towards the north. In the winter months, flow gradient
may be towards the river as the South Platte River is likely gaining from ground water
during those months. The water contours firmly indicate that the groundwater flows from
the west off the Terrace Aquifer; when it hits the floodplain aquifer, ground water turns to a
northeasterly direction, following the gradient of the South Platte River. The City and
Cowny ofDenver removed all wastes left in place under Supplemental Standards in 2007
from aU3, Jason Street. While sampling of ground water has not been conducted post
removal of these Supplemental Standards Wastes, all wastes have been removed and natural
attenuation of residual ground water contamination is expected.

Operable Unit 4/5

OU 4 is located at 500 South Santa Fe Drive in south-central Denver, Colorado (Figure 10)
and includes the Robinson Brick Company property (ROBCO - OU4). This OU addresses
radiologic contamination found on the ROBCO property. Metals contamination 011 the
ROBCO property is addressed under Operable Unit 9B (ROBCO-Metals) of the Denver
Radium Site.

Remedial actions at OU 4/5 included the following:

• Excavation of radium-contaminated soil;
• Demolition of certain radium-contaminated buildings;
• Analysis of the contaminated materials to ensure compliance with transportation

and disposal regulations;
• Shipment of contaminated materials to the pennanent offsite facility; and
• Confinuation sampling of excavated area.

The remedy, as implemented, differed in two respects from the remedy chosen in the
1986 ROD. EPA issued an ESD in Deeember, 1994 deseribing those differenees.

A Supplemental Standards Report, prepared in March 1994, documented radiological
contamination that remains onsitc at OU4. The location of this contamination is shown in
Figure 10.

9
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Pursuant to the tenns of the Agreement and Covenant Not to Sue (July, 1995; also called
the Prospective Purchaser Agreement (Home Depot PPA), Home Depot USA (Home
Depot) placed a Notice and Covenant on th.is property. The Notice and Covenant restricts
future use of the areas where radiological contamination was left in place under
supplemental standards. In addition, the Denver Ordinance provides ICs generally at
properties where radium-contaminated soil remains in place under supplemental standards.

In addition, an informationallC was established for ground water in the vicinity of OU4 by
the Colorado State Engineer. rfany person seeks to drill a well into groundwater in this
area, the State Engineer notifies that person that the groundwater is contaminated. They are
also notified that they should contact EPA and CDPHE and that the State Engineer will
send a copy of the well pcmlit to EPA and CDPHE.

Operable Unit 8

OU8 of the Denver Radium site is located in south-central Denver, Colorado and consists of
the Shattuck Chemical Company, Inc. (Shattuck) property located at 1805 South Bannock
Street, the adjacent railroad ROW property, a portion of South Bannock Street, and a few
properties (vicinity Properties) east of Shattuck where radium contaminated soil were found
(Figures 18 and 19).

The Remedial Action at OU8 was substantially completed in September 1998. Remedial
actions at OU8 included the following:

• Demolition of radium-contaminated buildings;
• Excavation of radium-contaminated soil from vicinity properties, Bannock

Street, the storm sewer located east of Santa Fe Drive, and the Shattuck
Chemical property;

• Onsite stabilization/solidification of the radium-contaminated soil into a disposal
cell;

• Capping of the stabilized material;
• Installation of monitoring wclls to evaluate thc effectiveness of the remedy; and
• les were established through a Declaration of Covenants and Restrictions filed

and recorded by Shattuck that resbicted use of the surface and groundwater at
the Shauuck property.

Approximately 65,000 loosc cubic yards of radiologically contaminated soil, excavated
from Shattuck Chemical and the vicinity properties, were stabilized/solidified onsite in a
disposal cell. Capping of the stabilized material was completed in June 1998. The Draft
Construction Completion Report was submitted on September 29, 1998.

During the excavation of radiologically contaminated soil, oil-impacted soil was also found
onsite. The materials were below the action levels established in the ROD. Approximately
2,000 cubic yards of oil-impacted soil were excavated from the Shattllck Chemical Property
located at 1805 South Bannock Street during Phase 2 activities. This material was covered
and transported by truck to Conservation Services Inc. in Thornton, Colorado.
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Bioremediation was used for oil-impacted soil that extended beneath the completed portion
of the monolith. A plan addressing the remaining oil-contaminated soil at OU8 was
submitted in August J998. The bio-venting system was approved by EPA and was installed
in September 1998.

In J997, the stonn sewer along Santa Fe Boulevard west of the site was remediated. During
the remediation, an In-Situ Form Liner was installed into the original pipe to isolate stonn
water discharges to the South Platte River from the influx of contaminated ground water.
This liner system, while in place, has not remedied the problem to date. In 1998, the sewer
remediation was investigated by EPA and the City of Denver and detennined to be
incomplete. At this time, EPA, CDPHE and City and County of Denver personnel are
reviewing the remedy in preparation to propose further remediation in the sewer line west of
OU8. Ground water characterization has been ongoing for characterization and plume
evaluation.

A Managemenl Plan for OU8 Baanoek Street was developed and adopted in March 1999 by
the City and County of Denver to govern all maintenance, repair, or other construction
activities at OU8 Bannock Street.

EPA conducted a five-year review of the Shattuck Site in 1999 and found site-specific
deficiencies in the solidified material cover design, the structural and chemical integrity,
and the compliance program. Based on these findings, EPA could not he assured of the
long-tenn protection of the original remedy. On June 16,2000, EPA selected off-site
removal in a ROO Amendment because it best met Superfund's nine evaluation criteria.
Additionally, the Amended ROD stated that ground water monitoring will continue to
address the deficiencies identified in the 1999 Five-Year Review.

The Amended ROD stipulated that the monolith be removed from the site along with any
additionally identified contaminants in excess of cleanup levels specified in the Amended
ROD. Implementation of the remedy began in September 2002 and was completed in
September, 2006. Remedial actions included:

• Cover Material Removal;
• Monolith Demolition and Removal~

• Underlying Soillnvestigation and Removal;
• Verification Surveys;
• Bannock Street Remediation;
• Perimeter Soil Excavation;
• Molybdenum Pond Soil Remediation;
• Site Restoration;
• Amendment of the Declaration of Covenants and Restrictions to remove the

restrictions on use of the surface of the property; and
• An infomlationallC was established for ground water in the vicinity ofOUS by the

Colorado State Engineer. If any person seeks to drill a well into groundwater in this
area, the State Engineer noti lies that person that the groundwater in this area is
contaminated. They are also notified that they should contact EPA and CDPHE and
that lhe State Engineer will send a eopy of the well penmil to EPA and CDPHE.
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Operable Unit 9B

OU9B, also known as ROBCO metals, is (ocated in south-central Denver ncar the
intersection of Interstate 25 and East Alameda Avenue, at 500 South Santa Fe Drive
(Figures 21 and 22). Radiological contamination at this pruperty was addressed as OU 4.
OU9B focuses on metals-contaminated soil.

In September 1988, during the course of the radium cleanup, metals contamination was
discovered on the ROBCO property. An investigation 10 characterize the nature and extent
of metaIs contamination was conducted in 1989 and 1990. Approximately 16,500 cubic
yards of soil containing elevated levels of arsenic, cadmium, chromium, copper, lead,
selenium and zinc were identified.

EPA and thc Statc of Colorado entcred into a State Superfund Contract (SSC) for remedial
implementation for this portion oflhe Denver Radium Site on July 24,1992. Excavations
resulting from the radiological cleanup were backfilled, metals-contaminated soil was
consolidated and capped, and institutional controls were implemented.

In accordance with the tenns of the Home Depot PPA. Home Depot, EPA, and CDPHE
implemented the OU9S remedy in a defined "shared" and "phased" manner. Home Depot
submitted a Draft O&M Plan on May 30,1997. CDPHE and EPA approved the O&M Plan
on March 17, 1998. Based on the O&M Plan, EPA and CDPHE will perfonn biannual,
offsite ground water monitoring and Home Depot will perfonn biannual inspections of store
facilities and site utilities. In addition, Home Depot placed a Notice and Covenant on this
property. The Notice and Covenant restricts future use of the areas where radiological
contamination was left in place under supplemental standards and reslricts use of the
consolidated and capped metals-contaminated soil. In addition, the Denver Ordinance
provides ICs generally in au 98 whcre radium·contaminatcd soil remains in place under
supplemental standards.

The first ground water monitoring event occurred in April 1998. Since then. four ground
water monitoring events have occurred. The most recent ground water monitoring occurred
in July 2003. The results indicate that ground water contamination has decreased over time
and is migrating and decreasing over time in a northwest direction. The South Platte River
is not impacted. An infonnational IC was established for ground water in the vicinity of
OU9B by the Colorado State Enginecr. Ifany pcrson seeks to drill a well into groundwater
in this area, the State Engineer noti lies that person that the groundwater in this area is
contaminated. They will also be notified that they should contact EPA and CDPHE and that
the Statc Enginccr will scnd a copy of the well pennit to EPA and CDPHE.

The Prospective Purchascr Agreement (PPA) requircs that any brcaches of the soil cap
system over the consolidated metals-contaminated soil will be reported to EPA and CDPHE
with the requirement that new construction. remodeling and site repair gcncrally will not bc
conducted in this area.
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Site Close Out

EPA and the State have determined that all RA construction activities, including the
implementation of institutional controls, were performed according to specifications_ A
Final Close Out Report was signed on September 27, 2006.

Operation and Maintenance

Operable Unit 2

O&M at OU2 is the responsibility of the State of Colorado and is required at the following
properties: 1100 Umati lIa Street; and along the Burlington Northern Railroad right-of-way
immediately cast of 11 00 Umatilla Street. Atlas Umatilla, LLC agreed to perform O&M for
the 1100 Umatilla Street property under the terms of an administrative settlement
agreement. The primary activities associated with O&M at the 1100 Umatilla property are
to monitor ICs and inspect and maintain a radon venting system in the Office/scale house
building on the property.

The primary activities associated with O&M on the Burlington Northern property is to
monitor compliance with the Ie.

Operable Unit 3

O&M at OU3 is the responsibility or the State of Colorado and is required around the
Packaging Corporation of America building at 1377 South Jason Street, the Central and
Sierra Railroad ROW between West Louisiana and West Florida Streets, and the Kwan
Sang Noodle Company, formerly Titan Labels at 1140 W Louisiana Ave. The primary
activity associated with O&M at these properties is to monitor compliance with the IC.

Operable Unit 4

O&M at aU4 is the responsibility of the State of Colorado and is required at 500 South
Santa Fe Drive (RaSCO).

Pursuant to the Home Depot PPA, Home Depot has agreed to perfonn a portion of the
O&M under an amended O&M Plan dated August 18,2003. The primary activities
associated with O&M on the Home Depot property is to inspect and maintain the Post
Consolidation area ofcontamination and monitor compliance with all ICs.

In addition, CDPHE monitors groundwater in the vicinity ofOU 4 as part oftbe O&M for
OU 9B, and monitors compliance with all les.

Operable Unit 8

Remedial actions perfonncd at aus were successful in removing all contaminated materials
from the soil at the site. As a result, no operation and maintenance activities arc necessary
to mOllitor the effectiveness of the soil remedy. O&M for the groundwater at au 8 is the
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responsibility of the State of Colorado. CDPHE is conducting monitoring of the
!:.'Toundwater associated with DUS as part of the natural attenuation remedy. In comments
received during the public involvement portion of this Five-Year Review, there has been
concern expressed about the possible impact of remaining mill tailings deposits under the
railroad tracks and Bannock Street. These remaining deposits do not appear to be impacting
groundwater quality, or serving as a continuing source. A continuing source of uranium
should be impacting the two wells closest to the Site, MW-l and PZ-2. As shown in Figure
4 in Appendix B, these wells now have uranium concentrations below the standard.

Operable Unit 98

O&M at OU9B is the responsibility of the State of Colorado. Home Depot agreed in the
Home Depot PPA to provide D&M at OU9B. Horne Depot has an amended O&M Plan as
of AUk'llst 18,2003.

5.0 PROGRESS SINCE THE LAST FIVE·YEAR REVIEW

The last five-year review for the Denver Radiwn Superfund site was completed in
September 2003. That review raised some issues that could affect current or future
protectiveness. These issues are sununarized below.

Issues f..-om Previous Five-Year Review

Table 4
Issue # Issue ResolUlion
t Lack of Instirurional Inshrutional Concrols (ICs) have been eslablisht:d wherever waste is len in

Controls at Various place to ensure that the selectcd remedies remain protecrive into the future.
Properties All residual radioactive waste across the Site is addressed by a Denver

Municipal Ordinance, established in 2004, which prohibits the pcrmanent
. disposal and control of radioactive waste and radium contaminated material

on property within the City. The ordinance also impose a radioactive waste
disposal fee if, not wilhslanding the prohibition, a person disposes or controls
radioactive waste or radium contaminated mtl.lerial on property within the
City.

In addition to the City Ordinanct:, restrictive environmental covenants are in
place for specific properties at OUs 2, 4, 8, and 98. An inform3tionallC
eSlablished by the Stale Engineer's Office in 2006 provides notice ro well
permit applicants regarding contaminated groundwater for OUs 3, 8, and 9B.

To enhance rhe effectiveness of ICs, CDPHE and the City and County of
Denver are developing a tracking system through the City's building pennir
system for all materials len in place under Supplemental Standards or Area
Averaging. When this is complt:ted, Denver will be able to notify CDPHE
upon a potemial breech ro these materials, rhus enforcing Denver's Ordinance
governing the disposal oiradioacrive waste or radium conraminated material
on property within rhe City
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T bl 4• •
Issue # Issue Resolution
2 GIS Database System GIS mapping for the Denver Radium Site was completed in 2005 by HDR

for Ie Overlay Engineering of Denver, Colorado under conlroct to EPA. The information is
shared annually with C:OPHE and the City and COWlty of Denver.

3 Assessment and The 2003 Five-Year Review identified a deficiency that the original Risk
Supplemental Assessments for all the Denver Radium OUs, where supplemental standards
Standards were applied, did not meet the current ARAR requirements ofCRR 1007

Parts 4.61.3.2 and 4.61.3.3 - Standards for Protection Against Radiation.
Reassessments of the risk based on the current ARAR standard have been
completed for OUs 2, 3, and 4 by CDPHE utilizing current radiation
protection standards. The reassessment for OU2 was completed May, 2005,
the reassessment for au 3 was completed in November 2005, and the
reassessment for OU 4 was completed in April, 2008. (Reassessments were
not completed for OUs 6 or 7 since all waste were subsequently removed.)
TIle existing source data was reused and all original assumptions made of
protectiveness were confirmed, with the remedy being protective of public
health and environment.

4 OU3 Groundwater The sampling was completed in February 2004 and a final repon was
Analytical ReDon submined in MaY, 2004.

5 OU8 Ground Water There are elevated levels of contaminants in groundwater including uranium,
Investigation arsenic, cadmium, selenium, molybdenum, and gross alpha and gross beta

radioactivity. An informational Ie established by the State Engineer's Office
in 2006 provides notice to any well pennit applicant regarding contaminated
groundwater for OU 8. In addition, ICs were established through a
Declaration ofCovenants and Restrictions filed and recorded by Shattuck that
restricted use of the groundwater at the Shanuck property. Groundwater
monitoring by the Colorado Depanment ofPublic Health and Environment
continues on a auanerlv basis.

6 Ground Water Ground water monitoring at OU8 has been ongoing quarterly since the
Analytical Report completion of tile final remedy. A Ground Water Monitoring Repon has been

completed for OU8 and is included in Appendix B of this Five·Year Review_
Future monitoring is recommended to occur twice a year based on high and
low water table re.dmes.

7 OU9B Ground Water The frequency of groundwater monitoring was revised in the November, 2003
Monitoring Groundwatcr Monitoring Report to bi-annual. MOllitoring previously was
Frequency lInnual and was changed to bi·annual. Future monitoring is recommcnded to

be delayed until CDOT has complcted the improvements along Interstate 25
ad-acentto the site.

8 Undocumented A document search and interviews were completed to investigate the Removal
Removal Action at Action in December, 2003. A ganuna survey was conducted in January of
OU6 2004. No IC's were required as based on the gamma survey of the site; the

removal a to have removed all waste at this location.

In addition to resolving the eight issues identified in the 2003 Five-year review, other
significant progress has been made on the Denver Radium site as summarized below:

• All residual contamination has been removed from: 2301 15th Street and from
beneath the Envirorunental Materials Building (OU6); and, all of the street segments
(OU7)

• A Final Close Out Report for the Site was issued on September 25, 2006.
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6.0 FIVE-YEAR REVIEW PROCESS

Administrative Components

This is the third five-year review for the Site. The Denver Radium five-year review team
was led by Mark Rudolph, State Project Manager for the Site. The following Team
Members participated in the review:

• Mark Rudolph, CDPHE Projcct Manager
• Rebecca Thomas, EPA Remedial Project Manager
• CDPHE Community Involvement Coordinator
• EPA Community Involvement Coordinator

This five-year review consisted ofthc following activities: a review of relevant documents;
risk assessment review; data review; and a Site visit. The schedule for the review extended
through Septemher 2008.

Communitv Involvement

A notice that the third Five-Year Review was undetway was placed in Denver newspapers
in September, 2008. The public review process included contact with each property owner
and with each affected neighlx>rhood organization. Mailings were sent to interested
stakeholders with a description of the Denver Radium Site and ongoing actions. Comment
cards were included in this mailing that could be returned with comments regarding the
Five-year review. A total of2 comment cards were returned. one email was received, and 5
telephone calls were received. Only one of the comments expressed concern over the
protectiveness of the selected remedies. At Shattuck (OU8), a suggestion was made that
residual tailing beneath the railroad could serve as a continuing source of contamination and
could impact groundwater quality. As detennined in the September 10, 2008 Technical
Review of Shattuck Groundwater Data, the residual contamination does not appear to be
impacting water quality; the two wells closest to the site have uranium concentrations below
the standard.

Document Review

This five-year review consisted of a review of relevant documents including decision
documents (and any modifications); remedial action objectives and performance standards,
applicable or relevant and appropriate requirements (ARMs), monitoring data generated
since the last five·year review, supplemental standards reports, and institutional control
instruments. No new or changed ARARs were identified that would impact the remedy.

Data Review

Groundwater monitoring data was reviewed for Operable Units 3, 8, and 98.

For OU3, monitoring conducted in 2003, 2004, and again in 2006 indicates pronounced
attenuation of contaminants in the affected aqui fer. While one well was above Drinking
Water Standards in 2003, that same well was below Drinking Water Standards in 2004.
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Additional source material which, had been left in place under Supplemental Standards, and
may have contributed to elevated concentrations of contaminants in groundwater, was
completely removed in 2007. While sampling of groundwater has not been conducted post
removal, all waste has been removed and natural attenuation is expected to continue.

For OU8, groundwater monitoring has been conducted on a quarterly basis for two years
since the remaining wastes at the Shattuck Site were excavated and disposed off site. No
specific trends have been identified during the previous eight rounds of sampling.
Attenuation is forecast to occur slowly; it may take up to 50 years to nush contaminants. It
is recommended that monitoring be reduced to an annual basis until the time of the next
Five-Year Review when monitoring frequency will be reassessed.

For OU9B, groundwater has been sampled biannually since the 2003 Five-Year Review. A
2006 CDPHE groundwater report shows continued attenuation of metals concentrations in
groundwater and no impact to the South Platte River. Based on groundwater trends for
OU9B, it is recommended thal gTOundwater monitoring frequency be reduced to biennial
until the time of the next Five-Year Review when monitoring frequency may be reassessed.

In addition to a review of analytical data for groundwater, each institutional control
instrument was reviewed and evaluated for effectiveness. To date, there have been no
breaches of the existing institutional controls.

Site IDspection

CDPHE conducted a site inspection of all OUs, or portions ofOUs, where waste has been
left in place on July 2, 2008. All properties within OUs 2. 3, 4, and 9B remain under
commercial or industrial usc.

The property at OU2 continues to be used as a metal recycling facility. Additional utilities
and another structure have been added to the property with no negative impact on the
protectiveness of the remedy. lnstitutional controls have been implemented on the property
and have preserved the integrity of the remedy.

For OU3, contamination that was left in place beneath Jason Street, pursuant to
supplemental standards, has been removed. Residual waste. requiring institutional controls
is now limited to three properties within OU3. lnstitutional controls have been
implemented and have preserved the integrity of the remedy. An infonnational institutional
control on the use of groundwater has been implemented by the State Engineer.

All properties at OU4 and OU98 remain under commercial or industrial use. In addition to
the Home Depot and adjacent parking lot, two commercial spaces were constructed on the
site immediately to the north of Home Depot. These buildings are slab on grade. are not
located over any materials where supplemental standards were applied. and did not impact
any of the remedial action conducted at this site. An automotive repair facility (Star Tech
Mercedes) and an unoccupied building share a sewer line that was placed through the
northern end of the contingency zone for ROBCO Metals wastes prior to the 2003 Five-year
review. The sewer line was installed properly under the Home Depot O&M Plan.
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Currently, the former RTD Maintenance Facility, located immediately to the west ofOU98,
is listed as for sale. COOT is currently planning a highway improvement project in the
vicinity ofOU9B. This highway improvement project will likely require relocation of all
the remaining ground water monitoring wells. Institutional controls have been implemented
and have preserved the integrity of the remedy. An informational institutional control on
the use of groundwater has been implemented by the Colorado State Engineer's Office.

au 8 is currently vacant with no structures present all site. Following construction
completion, the property was sold for redevelopment. Institutional controls are not required
for soil on this property. An informational institutional control on the use of groundwater
has been implemented by the State Engineer.

7.0 TECHNICAL ASSESSMENT

OU2

Questioll A: Is tire remedy ftmctiollillg as illtellded by tire decisioll documelJts?
Yes. The review of documents, ARARs, risk assumptions, and the results of
the site inspection indicates that the remedy is functioning as intended by the
ROD, as modified by the ESD. The RAOs have been met by excavating and
disposing off-site radiologically-contaminated soil. Any residual waste is
governed by institutional controls to prevent contact with soil exceeding
action levels.

Questioll B: Are tire Assumptiolls made at tire time oftire remedy selectioll still valid?
Yes. There have been no changes in the physical conditions at the Site that
would affect the protectiveness of the remedy.

QlIestioll C: Has allY otlrer illformatioll come to light t/tat could call illto question tlte
protectiveness oftire remedy?
No. There is no new information that calls into question the protectiveness
of the remedy.

OUJ

Question A: Is tlte remedy functiolling as intended by tire decisioll documents?
Yes. The review of documents, ARARs, risk assumptions, and the results of
the site inspection indicates that the remedy is functioning as intended by the
ROD, as modified by the ESD. The RAOs have heen met by exeavating and
disposing ofT-site radiologically-contaminated soil. Any residual waste is
governed by institutional controls to prevent contact with soil exceeding
action levels. An institutional control on the use of groundwater has been
implemented by the State Engineer.

Questioll B: Are tire Assumptiolts made altlre time oftile remedy selectiolt still Mlid?
Yes. There have been no changes in the physical conditions at the Site that
would affect tbe protectiveness of the remedy.
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Question C: Has any other in/ormation come to light that could call into question tlte
protectiveness o/tlte remedy?
No. There is no new infonnation that calls into question the protectiveness
of the remedy.

aU4

Question A: 1s tlte remedy functioning as intended by the decision documents?
Yes. The review of documents, ARARs, risk assumptions, and the results or
the site inspection indicates that the remedy is functioning as intended by Lhe
ROD, as modified by the ESD. The RAOs have been met by excavating and
disposing ofT-site radiologically-contaminated soil. Any residual waste is
governed by institutional controls to prevent contact with soil exceeding
action levels.

Qllestion B: Are the Assumptions made at the time o/the remedy selection still valid?
Yes. There have been no changes in the physical conditions at the Site that
would affect the protectiveness of the remedy.

Question C: Has any other in/ormation cOllie to light tltat could call illlo question the
protectiveness o/the remedy?
No. There is no new infonnation that calls into question the protectiveness
of the remedy.

aus

Question A: 1s the remedy/ullctionil'g as intended by the decisioll documellls?
Yes. The review of documents, ARARs, risk assumptions, and the results of
the site inspection indicates that the remedy is functioning as intended by the
ROD, as amended. The RAOs have been met by excavating and disposing
ofr-site radiologically-contaminated soil. There is no residual waste in soil.
Restrictions on the use of groundwater have been implemented through the
State Engineer.

Question B: Are tlte Assumptions made at the time o/tlre remedy selection still valid?
Yes. Ground watcr at aUB has been identified as contaminated with site
related contaminants. While attenuation has not been observed to date, all
waste sources have been removed and disposed off site. Ground water Ie's
have been put in place limiting beneficial uses of ground water at and around
the contaminated ground water plume. Attenuation is expected to occur
slowly and monitoring will continue.

Question C: Has allY otlter ill/ormatio" come to Iigh1t/rat could call illto questioll the
protective"ess o/the remedy?
No. There is no new infonnation that calls into question the protectiveness
of the remedy.
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OU98

Question A: Is tile remedy ftmctioning as intended by the decision documents?
Yes. The review of documents, ARARs, risk assumptions, and the results of
the site inspection indicates that the remedy is functioning as intended by the
ROD, as modified by the ESD. The RAOs have been met by consolidating
and capping metals-contaminated soil. Any residual waste is governed by
institutional controls to prevent inhalation or ingestion of soil exceeding
action levels. Restrictions on the use of groundwater have been implemented
through the PPA with Home Depot.

Queslion B: Are the Assumptions made at the time ofthe remedy selection still valid?
Yes. There have been no changes in the physical conditions at the Site that
would affect the protectiveness of the remedy.

Question C: Has any other information come to light that could call i"to question the
protectiveness o/the remedy?
No. There is no new information that calls into question the protectiveness
of the remedy.

Technical Assessment Summary

According to the data reviewed, the site inspection, and the evaluation of the effectiveness
of institutional controls, the remedy selected for each au is functioning as intended by the
decision documents. There have been no changes in physical conditions at the various
impacted properties that would affect the protectiveness of the selected remedies. ARARs
for soil and groundwater contamination have been met. There have been no changes in
toxicity factors for the contaminants of concern since the last five-year review, and there
have been no changes to the standardized risk assessment methodology that could affect the
protectiveness of the remedies. There is no other infonnation that calls into question the
protectiveness of the remedies.

8.0 ISSUES

A few issues weTC identified as this Five-Year review was conducted. None of the issues
affect current or future protectiveness.

Site-wide

To enhance Yes, complete development and implementation of Ie tracking system.
Proceed to delete the Denver Radium Site from the National Priorities List.

Operable Unil 3

Allow potential groundwater contamination to attenuate.
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Operable Unit 8

Modify groundwater monitoring frequency.

Operable Unit 98

Modify groundwater monitoring frequency.

9.0 RECOMMENDATIONS AND FOLLOW-UP ACTIONS

Table 5
dFll UA·d .Rccommcn ations an 0 OW- JD chons

Issue Recommendation and Follow-up Action Party Milestone Affects
Responsible Date Protectiveness

(YIN)
Current Future

Tracking of CDPHE and the City and County of Denver are COPHE 1/2010 N N
Institutional developing a tmcking systcm through Lbc city's and City
Controls building pennit system for all materials left in place and CounlY

under Supplemental Standards or Area Averaging. ofDenver
This will further strengthen the existing Institutional
Controls.

Deletion Construction is complete, institutional controls have EPA 0612009 N N
been implemented and performance standards have
been met. The Site sbould be deleted from the NPL.

OU3 Ground Allow for natural attenuation of site related COPIIE O9J2013 N N
Water contaminants.

OU8 Ground Ground water monitoring at OU8 is ongoing. COPHE 9/2013 N N
Water Monitoring frequency should be reduced to an annual

basis and allow for narural attenuation of site related
contaminants. Monitoring frequency should be
changed to twiee per year based on low and high water
table re2imes.

OU9B Ground Ground water monitoring at OU911 is ongoing. COPHE 0912013 N N
Water Monitoring frequency should be delayed until COOT

has completed the improvements along Interstate 25
adiaceotto the site.

10.0 PROTECTIVENESS STATEMENTS

Because the remedial actions at all OUs are protective, the site is protective of human health
and the envirollinent.
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11.0 NEXT REVIEW

The next five-year review for the Denver Radium Superfund Site is required by September
2013, Five-Years from the date of this review.
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COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT 
Hazardous Materials and Waste Management Division 
 

INTEROFFICE COMMUNICATION 
 
TO:  Mark Rudolph 
 
FROM: Wendy Naugle 
 
DATE:  September 10, 2008 
 
SUBJECT: Technical Review of Shattuck Groundwater Data 
 
As you requested, I have reviewed the groundwater data that you have provided from the 
Shattuck (Denver Radium Operable Unit 8) Superfund Site.  I have summarized my 
conclusions below, with a more detailed explanation in the following sections.  Tables 
and Figures are located at the back of this memo.  
 
Summary of Recommendations: 

1) Natural attenuation is occurring at the Shattuck Site, as evidenced by the 
decreasing uranium and molybdenum concentrations in some of the monitoring 
wells.  A statistical trend evaluation was conducted (a Mann-Kendall test for 
trend) which confirms declining trends in some wells.   

2) Although a declining trend is occurring, the rate of decline is very slow.  
Therefore, groundwater monitoring will need to continue for a long period of 
time.  As such, less frequent monitoring (rather than quarterly sampling) is 
appropriate.  It is recommended that semi-annual sampling be conducted for the 
next 5-years, targeting the high and low water table.  Typically the high water 
levels correspond to the summer irrigation season, so semi-annual monitoring 
could be conducted during the summer months (June, July or August) with the 
second sampling round in the winter (December, January or February.)   

3) Some of the analytes can be removed from the sampling plan, as indicated in the 
data analysis that follows: Gross Alpha, Gross Beta, isotopic analysis for U-234 
and U-238, manganese, copper and zinc.  (However, PZ-2 should still include 
copper and zinc.)     

4) Monitoring of Well APM-5 should be discontinued as this well does not appear to 
be properly screened to capture alluvial groundwater.   
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Introduction 
The purpose of this report is to evaluate and interpret groundwater monitoring data 
collected near the Shattuck (Denver Radium Operable Unit 8) Superfund Site in Denver, 
Colorado.  Groundwater monitoring has been conducted at the Site under several 
different sampling programs since 1981.  More recently, quarterly samples have been 
collected since 2006.  This report evaluates both the long-term trends that can be 
evaluated for wells that have large data sets and a detailed analysis of the more recent, 
quarterly data.   
 
The groundwater remedy for the Site is natural attenuation after source removal.  This 
remedy is similar to the “natural flushing” remedy being applied at many of the Colorado 
Uranium Mill Tailings Remedial Action Sites (UMTRA) Sites.  The objective of the 
groundwater monitoring program is to document that natural attenuation/flushing of Site 
related contaminants is occurring.   
 
The Site is located in southwest Denver, northeast of the intersection of Evans Avenue 
and Santa Fe Drive.  Overland Park Golf Course lies to the west of the Site.  The South 
Platte River forms the western boundary of the golf course.  The topography of the area 
surrounding the Site is relatively flat and generally slopes to the north and west toward 
the South Platte River.     
 
The Shattuck Site is located within the drainage basin of the South Platte River, which is 
located approximately 3000 feet west of the Site.  The Site is located on an alluvial 
terrace which is topographically higher than the modern floodplain of the South Platte 
River.  A shallow, unconfined aquifer exists below the Site.  The shallow aquifer is 
perched on bedrock and merges with the alluvial aquifer beneath the floodplain of the 
South Platte River.  The shallow groundwater is not used as a drinking water source.   
 
Groundwater in the area of the Site generally flows west across the Site and then 
northwest toward the South Platte River.  Figure 1 shows the Site vicinity and the 
groundwater monitoring network.  Four of the monitor wells (MW-1, MW-3, PZ-2 and 
VMW-06) are located on the terrace, while the remaining wells are in the floodplain.  
VMW-06 is located upgradient from the Site.  The floodplain wells are located on or 
adjacent to the Overland Park Golf Course.  High concentrations of Site-related 
contaminants occur in the terrace wells, with floodplain wells exhibiting better water 
quality.   Previous investigations identified groundwater infiltrating a subsurface storm 
sewer line located along South Santa Fe Drive, west and downgradient of the Site.  A 
portion of the sewer was lined with an epoxy-based liner in 1997.  Infiltration of 
contaminated groundwater into the storm sewer resulted in elevated concentrations of 
Site related contaminants in the storm sewer discharge.    
 
The groundwater samples from the recent, quarterly monitoring program have been 
analyzed for dissolved copper, manganese, molybdenum, uranium and zinc.  
Additionally, the samples were analyzed for Gross Alpha, Gross Beta, Uranium 234, 
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Uranium 238 and nitrate.  Samples were collected from a total of 12 monitoring wells and 
one storm sewer outfall location to the South Platte River.  Groundwater monitoring 
wells are located upgradient, downgradient, and cross gradient of the Shattuck Site.   
 
Source removal for uranium occurred during the original remedial action in the 1990’s.  
Later it was discovered that soils containing molybdenum still remained at the Site that 
had not been removed during the original cleanup.  Source removal for the molybdenum-
contaminated soils was completed in 2006.  As such, the uranium plume has had a longer 
time-frame for natural flushing to take place.  In addition, while uranium concentrations 
in groundwater are elevated, uranium concentrations only exceed the applicable 
groundwater standard (0.030 mg/l) by 4 to 5 times in the more recent sampling data.  
Molybdenum, on the other hand, occurs in groundwater in very high concentrations, up to 
600 times the State of Colorado Basic Standards for groundwater concentration of 0.035 
mg/l.  Natural flushing for molybdenum is expected to take longer than uranium because 
of the higher concentrations and the more recent removal of the molybdenum source.    
 

Results of the Monitoring Program 
 
Water Level Data 
Wells closest to the Site, VMW-06, PZ-2 and MW-1, show very little variation in water 
level throughout the year.  Floodplain wells show more variation, with wells APM-5 and 
BH-3 showing the highest degree of variation in water level.  BH-3 is located adjacent to 
both the Aqua Golf pond and the South Platte River, therefore, this well is more affected 
by changes in the surface water regime.  Water levels in the terrace wells during the 
recent quarterly sampling are shown below in Figure 2. Water levels in the floodplain 
wells are shown in Figure 3.     
 
Well APM-5 (see Figure 3) fluctuates up to 9 feet and is bailed dry during each sampling 
round.  In addition, this well also contains much lower concentrations of uranium and, 
molybdenum than the remainder of the floodplain wells.  It appears that some clean water 
source may be affecting this well.  This well is most likely screened at too shallow of 
depth, and is not intersecting the alluvial aquifer.  Instead, it is being recharged by surface 
water inflows after being bailed dry.  Due to the fact that it provides anomalous results, 
sampling of this well should be discontinued.  At a future date, it should be plugged and 
abandoned.   
 
A comparison of the groundwater flow directions indicates that even though seasonal 
variations do occur in the water table, these variations do not cause a significant change 
in the groundwater flow directions.  The most significant variation in the configuration of 
the potentiometric surface occurs as a result of the water level fluctuations in well APM-
5.   
 
Gross Alpha/Gross Beta Analysis 
The Gross Alpha measurement is usually conducted as a screen for alpha emitters and if 
it exceeds the 15 pCi/l limit, then a more detailed analysis for specific alpha emitters (e.g. 
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uranium) is conducted.  Since uranium is a known contaminant of concern and already 
included in the sampling program at Shattuck, monitoring for Gross Alpha can be 
discontinued.    
  
Similarly, Gross Beta analysis is also a screening tool.  Since the previous Site 
characterization activities have identified uranium as the primary radionuclide of 
concern, the gross alpha and gross beta analyses provide a secondary “data checking” 
mechanism, but are not used for any other purpose.  Both of these analyses are 
unnecessary and can be eliminated in future monitoring.   
 
Uranium  
Since August 2006, analysis for uranium has been done using both an isotopic analysis, 
where Uranium-234 and Uranium-238 are reported separately in units of activity (pCi/l) 
and a mass-based method where total Uranium-238 is reported in units of mg/l.  
Theoretically, the comparison between the two methods should reveal the same or very 
similar U-238 concentrations in groundwater.   
 
There is not good agreement between the U-238 data from the two different analytical 
methods.  In 64% of the samples where both analyses where performed, the mass analysis 
resulted in a higher concentration than the isotopic method.  The one notable exception is 
in well PZ-2, where for all sampling rounds, the isotopic method resulted in slightly 
higher U-238 concentrations than the mass method.  However, it should be noted that the 
isotopic samples are not filtered, whereas the mass-based sample is filtered.  This 
difference in sample preparation, could account for some of the differences between the 
methods.  The remainder of the analysis that was conducted for this review utilized a 
combined data set of isotopic U-238 converted to mass when only the isotopic data were 
available.  When both types of data were available, the mass-based data were used.   
 
The regulatory limit from the Basic Standards for Groundwater for uranium is based on 
dissolved uranium measured in units of mass.  In addition, because in most cases the 
mass method gave a higher result, future analysis should use the mass-based analytical 
method.  
 
The uranium concentrations from the March 2008 sampling are shown in Figure 2.  The 
extent of the uranium plume is now mainly on the golf course and appears to be 
dissipating, when compared against data from 1999.      
 
Molybdenum 
The aerial extent of the molybdenum plume has remained stable.  The high levels of 
molybdenum in the terrace groundwater are generally absent in floodplain monitoring 
wells.  Some of this may be due to interception of the molybdenum plume by the storm 
sewer line.  Data for the recent quarterly monitoring program illustrates that infiltration 
into the storm sewer is still occurring and the storm sewer is still impacted by elevated 
concentrations of molybdenum.  The molybdenum concentrations from the March 2008 
sampling are shown in Figure 3.   
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Seasonal Trend Concentration Trends 
A comparison between the water level data and the uranium/molybdenum concentrations 
was used to determine if seasonal trends are occurring in the groundwater.  
Hydrogeologic data (a comparison of water level fluctuations to concentration data) were 
used to determine seasonal trends, as there are not enough seasonal data to conduct 
statistical tests for seasonality.  Using this method, seasonal trends are evident in some of 
the wells.  In all cases where a seasonal trend was recognized, higher concentrations 
occur concurrent with rises in the water table.  The highest water table elevations 
typically occur in the May through October timeframe, most likely in response to the 
summer irrigation season.  These seasonal trends are more apparent in wells that are in 
the floodplain.  The wells that are closer to the Site exhibit higher concentrations and do 
not have seasonal trends.  Examples of wells with strong seasonality are exhibited in 
Figures 4 and 5 below.  Table 1 summarizes the results of the seasonal trend analysis.   
 
Mann-Kendall Test for Trends 
One method to determine if natural attenuation is occurring at the Site is to check for 
declining concentration trends.  A method for determining trends in monitoring data is 
the nonparametric Mann-Kendall test for trend.  The test does not require any particular 
data distribution and will accommodate missing values.  The test analyzes a series of data 
by comparing the values of data collected earlier from those collected at a later date.  The 
method results in a test statistic that is a positive or negative value (meaning increasing or 
decreasing trend) and estimates the probability that the trend is real.   
 
Because uranium and molybdenum are the primary contaminants of concern at the 
Shattuck Site, 11 wells were tested for trend for both the molybdenum and uranium.  
Nitrate was not tested for trend because nitrate can undergo geochemical transformation, 
which could invalidate the test results.  Well APM-5 was not tested because of the very 
low concentrations of uranium and molybdenum in that well.  All of the statistically 
significant trends were tested with an alpha value of 0.01, meaning there is a 1% 
probability of a false conclusion.  A statistical program available from the USGS was 
used for the Mann-Kendall tests.   
 
The results of the Mann-Kendall tests are included in Table 1.  Statistically significant 
declining trends are evident for uranium in wells MW-3 and APM-3.  The uranium trends 
in these wells are shown in Figures 6 and 7 below.  For illustrative purposes, a linear 
regression line is shown to approximate the declining trend.  Two additional wells, APM-
3, MW-6, also exhibit downward trends, but the trends are not yet statistically significant.  
These trends will be re-tested at the next 5-Year Review.     
 
The combined information from the aerial extent of the uranium plume, comparison to 
1999 and the declining trends in some of the monitoring wells, all indicate that natural 
attenuation of the uranium plume is occurring.  In addition, there has been concern 
expressed about the possible impact of remaining mill tailings deposits under the railroad 
tracks and Bannock Street.  These remaining deposits do not appear to be impacting 
groundwater quality, or serving as a continuing source.  A continuing source of uranium 
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should be impacting the two wells closest to the Site, MW-1 and PZ-2.  As shown in 
Figure 4, these wells now have uranium concentrations below the standard.   
 
With regard to molybdenum, several wells exhibit statistically significant declining 
trends, including VMW-06, MW-3, PZ-2, APM-3, APM-6 and MW-6.  Examples of the 
declining molybdenum trends are shown in Figures 8 and 9 below.  Technically, because 
wells MW-3 (uranium), APM-4 (uranium) and APM-3 (molybdenum) indicated both 
seasonal trends and concentration trends, a different configuration of the Mann-Kendall 
test, called a Seasonal Kendall should be used.  However, use of the Seasonal Kendall 
test requires 10 or more years of data.  Because the sampling program has had two 
significant periods of hiatus, 10 years of data are not available to run this test.  The 
upward trend in Well VMW-06, which is located upgradient of the Site, is unexplained.   
 
Other Contaminants 
Table 1 also summarizes the occurrence of additional contaminants of concern in the 
monitoring wells.  Well PZ-2 continues to be the well most impacted by the Site, with 
concentrations of nitrate, copper and zinc occurring above regulatory limits.  Copper and 
zinc do not occur frequently in any of the other wells.  Nitrate also occurs in relatively 
high concentrations in wells MW-1 and MW-3.  While nitrate does occur in many of the 
other wells in lower concentrations, it is difficult to determine if this is plume related.  
Other sources of nitrate occur in the environment, most notably from fertilizer, leaking 
sewer lines and septic systems.  The occurrence of manganese in well APM-5 does not 
appear to be Site related, because no other wells in the plume exhibit similar manganese 
concentrations.   
 

Recommendations 
 
The monitoring plan should be amended to change to semi-annual sampling, targeting the 
time of year when the water table is rising.  The highest water table elevations typically 
occur in the May through October timeframe, most likely in response to the summer 
irrigation season.  Thus it is recommended that sampling take place during the summer 
(June – August) with the second sampling round occurring in winter for the next 5 years.   
 
Note that the State of Colorado’s Basic Standards for Groundwater (Regulation 41) were 
modified in December 2007 to include a groundwater standard for molybdenum at 0.035 
mg/l.  This newer standard is the appropriate ARAR for molybdenum and as such, natural 
flushing will take a longer period of time to reach this lower concentration.  Because of 
the long time-frame for natural flushing, less frequent monitoring is recommended.   

 
Monitoring for copper and zinc no longer appears to be necessary in any of the wells 
except PZ-2.  These constituents are consistently below the respective limits and do not 
appear to be contaminants of concern any longer.  Manganese can also be dropped from 
the monitoring program, as manganese does not appear to be a contaminant of concern 
any longer.  Similarly, Gross Alpha, Gross Beta, Uranium-234 and Uranium-238 
analyses can also be removed from the sampling plan.  Monitoring for nitrate is still 
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necessary because of the higher concentrations of nitrate in the terrace wells.  Well APM-
5 should no longer be monitored and when possible, this well should be plugged and 
abandoned.  APM-5 does not appear to be screened properly to intersect the alluvial 
groundwater.   
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Table 1 – Summary of Shattuck Groundwater Monitoring Results 
 
  Concentration Trends Seasonal Trends Other contaminants 
Well 
Number Uranium Molybdenum     
APM-5 Not tested Not tested None Contains manganese above secondary standards 
VMW-06 Significant Upward Significant downward None Contains some nitrate 
MW-1 No trend detected No trend detected None Contains nitrate above limit 
MW-3 Significant downward Significant downward Uranium Contains nitrate above limit 
PZ-2 No trend detected Significant downward Uranium Contains nitrate above limit, also copper and some zinc 
APM-3 No trend detected Significant downward Molybdenum Contains some nitrate that might be from fertilizer 
APM-4 Significant downward No trend detected Uranium Other metals usually below detection 
APM-6 No trend detected Significant downward None Contains some nitrate that might be from fertilizer 
BH-3 No trend detected No trend detected Molybdenum & Uranium Contains some nitrate that might be from fertilizer 
MW-6 No trend detected Significant downward None Contains some nitrate that might be from fertilizer 
VMW-03 No trend detected No trend detected Molybdenum & Uranium Other metals usually below detection 
VMW-04 No trend detected No trend detected Molybdenum & Uranium Other metals usually below detection 
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Figure 2 – Water Levels in Terrace Wells 
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Figure 3 – Water Levels in Floodplain Wells 
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Figure 6 – Seasonal Variation of Molybdenum in Well BH-3 
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Figure 7 – Seasonal Variation of Uranium in Well APM-4 
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Figure 8 – Uranium in Well MW-3 
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Figure 9 – Uranium in Well APM-3 
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Figure 10 – Molybdenum in Well MW-3 
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Figure 11 – Molybdenum in Well MW-6 
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