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1. Introduction  
The S.M. Stoller Corporation (Stoller) on behalf of the Colorado School of Mines (School) has 
characterized the Colorado School of Mines Research Institute (CSMRI) Site (the Site), 
evaluated remedial alternatives, and implemented the selected remedial alternative.  This report 
summarizes the implementation of the selected remedial alternative and provides background 
information for the Site.  The Site is located in Jefferson County, Colorado, on the south side of 
Clear Creek, east of U.S. Highway 6, in the northeast quarter of the northwest quarter of Section 
33, Township 3 South, Range 70 West as shown in Figure 1.  
 
The main entrance to the Site is located about 475 feet northwest of the intersection of Birch and 
12th Streets in Golden, Colorado.  A chain-link fence restricted access to the Site, except for a 
small area located south of 12th Street known as the Clay Pits Area where some CSMRI pond 
dredgings were deposited.  A settling pond was previously located within the perimeter fence, 
but the pond was cleaned up and closed by the U.S. Environmental Protection Agency (EPA) in 
1997 as part of an Emergency Removal Action under the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980, as amended (CERCLA) and is not part of 
the School’s remedial action. 
 
The Site is a former metallurgical and mining research facility.  Numerous mineral research 
projects (some of which involved the mineral extraction and beneficiation of materials that 
contained levels of radionuclides and/or metals above local background) were conducted at the 
Site from 1912 until approximately 1987.  The research projects were conducted in 17 buildings 
on the Site that were subsequently razed in the mid-1990s.   
 
A City of Golden water main broke on January 25, 1992, and began discharging a large volume 
of water into the Site’s settling pond.  The EPA’s Emergency Response Branch responded in 
February 1992 and performed a number of activities to stabilize conditions at the Site.  The EPA 
removal action was completed in 1997. 
 
The Site includes the Main Site (i.e., the upper portion of the fenced area not within the 100-year 
flood plain), the Clay Pits Area, and the Flood Plain Area (within the fenced area and east of the 
former pond area).  The Site does not include the area of the former settling pond that was 
previously closed by the EPA. 
 
The CSMRI Site had historically included the soil stockpile (material removed from the settling 
pond) formerly located near the School’s softball field, the Fenced Area (including the settling 
pond), and the Clay Pits Area located south of the intersection of Birch and 12th Streets.  For use 
in this document, the Site is defined as the Main Site, the Flood Plain Area (excluding the 
settling pond), and the Clay Pits Area. 
 
This report includes summaries of additional pertinent details about the remedial action plan 
process followed by appendices containing shipping and disposal records of impacted material.  
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This report reviews the selected remedial action, the confirmation of its successful completion, 
verification sampling, and a Legacy Management Plan for the Site.  The selected remedy 
involved the excavation and transportation of the impacted soil material to two off-site, approved 
landfills and the implementation of environmental covenants for risks associated with Site soil 
and groundwater.  The selected remedy is protective of human health and the environment, 
complies with federal and state requirements that are applicable or relevant and appropriate to 
the remedial action, is cost-effective, and utilizes permanent solutions and alternative treatment 
technologies to the maximum extent practicable. 
 
Two documents support the implementation of the remedial alternative: the Remedial 
Investigation/Feasibility Study (RI/FS) (Stoller, 2007b) and a Record of Decision (Stoller, 
2007d).  The RI/FS, along with its proposed plan, implements the processes involved in arriving 
at the proposed selection of the off-site disposal remedial action for the Site with environmental 
covenants.  The Record of Decision’s purpose is to select the remedy after public comment on 
the proposed plan. 
 
This document describes the following items: 
 

 Chronology of Events 
 Performance Standards and Clean-up Goals 
 Quality Assurance/Quality Control 
 Construction Activities 
 Final Inspection/Site Closure 
 Operations and Maintenance 
 Project Costs 
 Covenants/Legacy Management 
 Certification 

 
The status of the entire Site is herein presented, including all restrictive environmental covenants 
being placed on the Site. 
 
2. Site History/Chronology of Events 
The Site is divided into three investigative areas, each related to possible impacts resulting from 
the former activities on the Main Site.  These areas, described above, are known as the Main 
Site, the Clay Pits Area, and the Flood Plain Area.  Each is detailed in the following subsections.  
Ongoing impacts to groundwater are also discussed herein, and a plan to track the success of off-
site source disposal is presented.  The Clay Pits Area was investigated to the extent that 
radiological and metals contamination, if any, originated from the CSMRI settling pond 
dredgings that were deposited in the Clay Pits Area and no further action was determined after 
the investigation was unable to locate elevated activity or metals concentrations indicative of 
CSMRI activities.  The Flood Plain Area was investigated and underwent soil excavation, and 
final disposition includes a restrictive covenant.  The Main Site was characterized, the remedial 
alternative implemented, and restrictive covenants are being applied to this property to require 
radon mitigation in the event of future development as well as restricting groundwater use.  The 
former settling pond area was remediated by EPA in the 1990s.   
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The remedial alternative selection and implementation meets the requirements of CERCLA and 
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).  
 
2.1 Main Site Description and Chronology 
New Horizons performed remediation work in 2004 that included containerizing approximately 
1,870 cubic yards of soil that was stored on the Site.  New Horizons underestimated the nature 
and extent of contaminated soil, and the School halted the work.  In October 2005, Stoller 
obtained approval and a permit to transport the containerized soil off-site via an access lane on 
Colorado Highway 6 to Foothills Landfill.  Following the disposal of the containerized soil, 
Stoller was requested by the School to perform further Site characterization.  
 
Stoller performed additional investigative work in 2005-2007.  Stoller prepared a Revised RI/FS 
in May 2007, which revised the 2004 RI/FS.  It provided the nature and extent of contamination, 
re-evaluated alternative remedies, and proposed an off-site disposal remedy that differed from 
the remedy selected in 2004.  The Revised RI/FS incorporated portions of the 2004 RI/FS, 
replaced some portions, and supplemented other portions.  With respect to the nature and extent 
of contamination, the 2004 RI/FS estimated 500 cubic yards of soil averaging greater than 3 
picoCuries per gram (pCi/g) of Radium 226 (Ra-226) above background would be excavated.  
This soil was designated to go to the U.S. Ecology Resource Conservation and Recovery Act 
(RCRA) landfill in Idaho.  In addition, the 2004 RI/FS estimated 9,500 cubic yards of soil 
averaging above background, but no more than 3 pCi/g Ra-226 above background, would also be 
excavated.  This greater volume of soil was designated to be disposed of at the Foothills solid 
waste landfill in Jefferson County, Colorado.  The cost of shipping and disposing of the 
contaminated soils in Idaho was much greater than the cost of shipping and disposing of the soils 
at the Foothills Landfill.  The 3 pCi/g Ra-226 threshold that distinguished between the two types 
of soil was determined by a regulatory requirement. 
 
Site characterization activities were completed following the procedures set forth in the CSMRI 
Creekside Site Final Site Characterization Work Plan, dated May 12, 2006 (Stoller, 2006a).  The 
investigation entailed excavating the impacted soil and stockpiling it on-site to determine the 
nature and extent of contamination.  This excavation method was analogous to the method used 
by the EPA to address the former settling pond at the Site. 
 
The results of Stoller’s soil excavation and segregation investigation further demonstrated the 
reasonableness and necessity of halting the 2004 remedial work and performing further 
investigation of the Site.   
 
The tentative soil clean-up goals that were in place at that time are presented in Table 2-1.  
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Table 2-1 
COPCs and Site Action Levels 

Constituent Action Level 
Metals mg/kg 

Arsenic 39 
Lead 400 
Mercury (total) 23 
Molybdenum 390 
Vanadium 550 

Radioisotopes picoCuries/gram 
Radium 226 4.14 
Radium 228 4.6 
Thorium 228 6.47 
Thorium 230 11.53 
Thorium 232 3.88 
Uranium 234 254.9 
Uranium 235 4.97 
Uranium 238 21.8 

 
Site characterization was successfully completed for the Main Site by performing the following 
tasks:  
 

 Initial soil segregation: Based on data from the 2004 remedial investigation, soil was 
segregated by metals content and radiological activity.  Soil with concentrations of Site 
constituents of potential concern (COPCs) above the Action Levels was placed in one of 
the two lined soil stockpiles as follows:  

- Segregation of soil above 100 pCi/g: Soil identified as containing total activity above 
100 pCi/g was segregated and placed into a separate soil stockpile (Stockpile A).  

- Segregation of soil below 100 pCi/g total activity and above 4.14 pCi/g Ra-226: Soil 
identified as containing Ra-226 activity in excess of 4.14 pCi/g but having total 
activity less than 100 pCi/g was segregated and placed into a separate soil stockpile 
(Stockpile B). 

- Segregation of soil above metals Action Levels: Soil identified as containing metals 
above the metals Action Levels was segregated and placed into Stockpile B. 

 Land gamma scan: Following initial soil excavation based on the 2004 data, a land 
gamma scan was completed to identify areas of the main Site with remaining elevated 
activity. 

 Continuing soil segregation: Using a series of field and on-site laboratory instruments, 
soil was assessed for metals and Ra-226 content.  All soil exceeding the Action Levels 
was segregated to one of the two soil stockpiles using the same criteria as stated above. 

 Final land gamma scan: Upon completion of the soil segregation activity, a final land 
gamma scan of the Main Site was completed to assess the effectiveness of the 
characterization. 

Page 5  July 2009 



CSMRI  Remedial Action Implementation Report 

 Confirmatory sampling: Finally, to confirm the land gamma scan, soil samples were 
collected and submitted to both the on-site and an off-site laboratory for final 
confirmatory analysis.   

 

2.2 Clay Pits Description and Chronology 
In the late 1800s, clay was mined from the Clay Pits Area located west of South Table Mountain, 
immediately south of Clear Creek in Golden, Colorado.  By the mid-1900s, the pits were 
depleted of clay and remained as opened trenches.  The pits were soon backfilled with soil, trash 
and debris, including flood material debris from the 1965 flood of the South Platte River.  The 
Clay Pits Area was investigated twice; the first time the location suspected of containing the 
CSMRI waste was incorrectly located, prompting the second investigation.  Debris placed in 
these trenches was thought to have included ore and sludges from the CSMRI Site; however, the 
Site investigation detailed in the Clay Pits Area Remedial Site Investigation Report (Stoller, 
2007a) and summarized herein was not able to confirm the presence of ore and sludges from the 
CSMRI Site.  On September 14, 2007, the Colorado Department of Public Health and 
Environment’s (CDPHE) radiation unit agreed that no further action is required in this area 
(Appendix A). This location was removed from the CSMRI license (Appendix B). 
 
Two separate efforts were conducted to locate buried ore and sludges from the CSMRI Site in 
the Clay Pits Area.  The first investigation was unsuccessful due to the lack of survey 
information exactly identifying the location of the suspected material within the pits.  The 
suspected location of the material was surveyed in 1977 and is known as the Bolis survey.  This 
survey was identified only after the original Clay Pits investigation.   
 
At the request of the Colorado School of Mines, a second subsurface investigation was 
conducted of the former Clay Pits Area during April 2007.  The Clay Pits Area has the same 
performance Standards as the Main Site and followed the same procedures except as detailed in 
the letter work plan dated November 6, 2006.  The goal of the investigation was to locate the 
area suspected to contain former pond sediments, as identified in the Bolis survey, and to 
determine the nature and extent of the contamination if identified.  The contaminated sediments 
in question were thought to have originated from a former settling pond previously located on 
the CSMRI Site. 
 
To locate this area, Flatirons Surveying, Inc. of Boulder, Colorado created a plan view model 
based on the Bolis survey.  The model was then projected on City of Golden plats to re-establish 
the point of origin, as defined by Bolis, and the corners of the rectangle that defines the 1977 
surveyed locations of where the dredged material was reportedly placed.  The model was then 
implemented in the field beginning at the point of origin and the corners of the rectangle were 
staked.  A plat of this was filed with the County Surveyor making it an official part of the area’s 
survey record. 
 
After the suspected location of the buried sediment was staked in the field, six borings were 
advanced through the suspected area, encountering fill and debris.  Each of the boreholes 
extended to native material underlying the debris – 40 to 56 feet below ground surface (bgs).  
Each boring was continuously cored with each core subjected to a continuous scan for 
radioactivity using a handheld sodium iodide gamma scintillator.  Field observations (scanning 
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results and sample collection locations) were recorded onto borehole log field forms.  The 
activity scanning indicated background conditions for all soil in each core. 
 
Soil samples were collected every 5 feet from each boring.  Samples selected for laboratory 
analysis consisted of samples identified in the field as being the most likely to contain elevated 
activity and metals concentrations.  These soil samples were submitted to Paragon Analytics of 
Fort Collins, Colorado.  The analyte suite included the identical compounds that have been 
identified as COPCs at the CSMRI Site.   
 
The investigation concluded that no further action was necessary at the Clay Pits Area with 
respect to CSMRI Site operations responsibility.  Further information about the Clay Pits 
investigation is detailed in the Clay Pits Area Remedial Site Investigation Report (Stoller, 
2007a). 
 
2.3 Flood Plain Description and Chronology 
The Clear Creek Flood Plain Area of the Site consists of the area immediately adjacent to Clear 
Creek within the limits of the 100-year flood plain, immediately adjacent to the east of the 
former settling pond.  This pond was remediated by the EPA, and CDPHE granted closure of the 
pond area.  Residual impacts likely associated with the settling pond were identified in the area 
known herein as the Flood Plain Area during the RI/FS completed by New Horizons.  Data 
collected during the original RI/FS in 2004 indicated elevated concentrations of Ra-226 on the 
flood plain east of the former settling pond.  All other Site COPCs were below the regulatory 
limits.  The sample numbers are CSM155 through CSM161 as shown in Table 2-2. 
 

Table 2-2 
Flood Plain Characterization Sample Results 

Sample  
Location 

Depth 
(Inches) 

Sample  
Number 

Ra-226  
(pCi/g) 

1 0 1207 3.81 
2 0 1208 4.00 
3 0 1211 5.70 
4 0 1212 2.29 
4 6 1213 2.50 
4 12 1214 2.60 
4 18 1229 4.65 
4 24 1230 3.69 
4 36 1231 2.18 
5 0 1216 3.05 
5 6 1217 3.04 
5 12 1218 2.99 
5 18 1219 3.23 
6 0 1215 2.93 
7 0 1209 4.19 
8 0 1225 3.68 
9 0 1202 8.23 
10 0 1203 5.15 
10 6 1204 6.27 
10 12 1205 6.60 
10 18 1206 7.18 
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Table 2-2 
Flood Plain Characterization Sample Results 

Sample  
Location 

Depth 
(Inches) 

Sample  
Number 

Ra-226  
(pCi/g) 

10 24 1226 3.14 
10 36 1227 3.90 
10 48 1228 2.61 
11 0 1201 4.81 
12 0 1197 9.71 
12 6 1198 8.60 
12 12 1199 6.32 
12 18 1200 5.07 
13 0 1210 4.72 
14 0 1224 2.36 
15 0 1220 1.11 
15 6 1221 3.73 
15 12 1222 2.67 
15 18 1223 3.07 

CSM155   4.90 
CSM156   20.00 
CSM157   4.70 
CSM158   9.30 
CSM159   28.00 
CSM160   5.00 
CSM161   8.60 

 
Stoller conducted a Wetlands Delineation Study in July 2006.  The report from that study was 
included in the CSMRI Site Flood Plain Characterization Work Plan (Stoller, 2006b).  The study 
was conducted to determine if the area qualifies for wetland status and would therefore need 
additional controls, possibly including a U.S. Army Corps of Engineers’ Section 404 permit, to 
conduct soil segregation.  The results indicated that based on soil, vegetation, and hydrology, 
some of the flood plain is categorized as a wetland.  However, based on Section 404 Permit 
guidance, provided in the above-referenced work plan, no permit was required, because the 
following guidelines would be followed: 
 

 No fill material would be placed within the wetlands. 
 Soil excavated would be scooped out rather than pushed or bulldozed. 
 The temporary access road would not be constructed in the wetlands.  

 
Following the Wetlands Delineation Study, additional investigative work was performed by 
Stoller in September 2006 in accordance with the Site Characterization Work Plan. This included 
a collection of samples at 15 locations within the Flood Plain Area.  At 10 of these locations, 
surface samples were collected, and at five locations, samples were collected at the surface and 
at 6-inch intervals until rock, roots, or water was encountered.  Samples were analyzed by a 
shielded-sodium iodide detector, identical to that used for Main Site characterization activities in 
June through August 2006. These sample locations are shown in Figure 2, and the sample results 
are shown in Table 2-2.   
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The characterization effort determined the extent of Ra-226 impacts to the eastern Flood Plain 
Area.  The plan was to relocate impacted soil to the existing soil stockpiles located on the upper 
terrace to the south.  However, remediation of this impacted area was delayed due to several 
weather events in the fall and winter. It was decided that remediation would occur during the 
stockpiled soil disposal activities. This decision was based on the cost savings associated with 
mobilizing/demobilizing heavy equipment and work crews to the Site. 
 
On August 17, 2007, approximately 54 cubic yards of the flood plains’ contaminated soil was 
relocated to Stockpile B.  At the end of August, a rainstorm caused problems with the Flood 
Plain Area.  A storm water inspection found that the Flood Plain Area seepage was flowing 
under the silt fence toward Clear Creek.  Two bales of straw were placed in the water flow to 
settle silt for temporary prevention of seepage.  The following week, a straw wattle was placed in 
the area.  On August 28, 2007, approximately 55 cubic yards of flood plain soil were added to 
Stockpile B.  On August 30, 2007, 22 flood plain samples were collected and sent to a 
laboratory.  The first week of September 2007, approximately 100 cubic yards of flood plain soil 
was excavated, which finished the flood plains’ remediation work.  Samples were collected to 
provide data about the final stage of the flood plain work.  
 
The former pond area was closed by the CDPHE after the EPA performed an emergency 
removal action, remediating the former pond area to the Uranium Mill Tailings Remedial Action 
(UMTRA) Standards of 5 pCi/g in the upper 6 inches of soil and 15 pCi/g below that in each 6-
inch layer.  The former pond area was not investigated during the investigation phase of this 
project but the former pond area is addressed further in Section 9 of this report for purposes of an 
environmental covenant. 
 
2.4 Groundwater Description and Chronology 
Groundwater at the Site occurs under unconfined conditions in the alluvium/colluvium and 
generally follows the bedrock surface.  Depth to the water table ranges from about 3 to 30 feet 
bgs, depending on distance from Clear Creek and depth to bedrock.  Based on surface and 
bedrock topography, groundwater generally flows to the north-northeast toward Clear Creek.  
The alluvial/colluvial deposits are mainly recharged by infiltration of precipitation and to a 
limited extent by Clear Creek within the Flood Plain Area during periods of high flow.  The 
alluvial/colluvial system naturally discharges to Clear Creek.  Elevation of the potentiometric 
surface values relative to the surveyed top-of-casing (TOC) elevations are posted adjacent to 
each monitor well. The locations of the Site monitor wells are shown on Figure 3.   
 
Groundwater in the shallow alluvium/colluvium has been shown to contain elevated 
concentrations of uranium, a Site contaminant of concern that also occurs naturally in the 
bedrock formations and in the surficial deposits that comprise the Site.  The groundwater 
uranium concentrations have been attributed to infiltrating water resulting in migration of 
radionuclides from source materials located on the Site. The majority of these source materials 
have been taken off-site.   
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A two-year monitoring period is currently being conducted to confirm the effectiveness of the 
Selected Remedy and to review the Legacy Management Plan. The current groundwater 
monitoring program consisting of quarterly sampling and analysis will be continued until such a 
time as levels drop to either below the Colorado groundwater Standard or demonstrate a trend 
sufficient to confirm success of the remedy at addressing the uranium contamination in the 
groundwater.  
 
Groundwater well sampling activity was sporadic prior to February 2005 at which time Stoller 
assumed this responsibility.  Since then, regular quarterly sampling and reporting has been 
completed.  Reports summarize sampling procedures, present and evaluate analytical data, and 
discuss observed trends.  At the request of the CDPHE radiation unit, seven additional 
groundwater wells were installed at the Site in February 2007 to track the effectiveness of source 
excavation to Action Levels. Groundwater monitoring wells CSMRI-1B, CSMRI-6B, CSMRI-
7B, CSMRI-8, CSMRI-9, CSMRI-10, and CSMRI-11 were installed at the CSMRI Site during 
February 2007.  The “B” designation in the monitor well label denotes a replacement monitor 
well.  Currently, a total of 11 monitoring wells, (the aforementioned seven plus CSMRI-1, 
CSMRI-2, CSMRI-4, and CSMRI-5 from previous groundwater programs) are included in the 
Site monitoring program.   
 
Further details about the groundwater monitoring are located in the quarterly monitoring reports 
for CSMRI.  Additional information about installation of the wells is located in the Groundwater 
Monitoring Well Installation Work Plan (Stoller, 2006c) and Draft Implementation Report, 
Groundwater Monitoring Well Installation (Stoller, 2007c).  
 
3. Performance Standards and Clean-up Goals  
Site performance Standards and clean-up goals along with applicable or relevant and appropriate 
requirements (ARARs) are presented below.  
 
Both of the RI/FSs that were performed at the Site identified elevated concentrations of 
radionuclides and metals.  Based on existing information, site-specific remedial action objectives 
to protect human health and the environment were developed.  The objectives specify the 
materials and media of concern, the exposure routes and receptors, and an acceptable 
contaminant (material) level or range of levels for each exposure route (i.e., preliminary 
remediation goals). 
 
Remedial action objectives for the Site were designed to prevent or mitigate further release of 
affected materials to the surrounding environment and to eliminate or minimize risk to human 
health and the environment.  The affected material was the surface and subsurface soil located in 
the vicinity of the former buildings prior to soil segregation activities.  After soil segregation, 
most of the affected material was located in either Stockpile A or Stockpile B.  Potential receptor 
pathways included direct radiation, inhalation, and ingestion of plants and soil.  Another 
potential exposure pathway is the migration of the affected material to groundwater and 
subsequent ingestion.  The following are the originally established objectives for the Site prior to 
soil segregation activities:  
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 Eliminate or minimize the pathway for dermal contact, inhalation, and ingestion of site-
specific radionuclides to human receptors to achieve a level of protection in compliance 
with the NCP levels of acceptable cancer risk (10-4 to 10-6). 

 
 Develop receptor-specific Derived Concentration Guidelines (DCGLs) to limit 

unacceptable radiation doses (total effective dose equivalent [TEDE] to less than 25 
mrem/yr and 15 mrem/yr, distinguishable from background; and less than 100 mrem/yr 
above background if institutional controls fail for on-site restricted-use remedies) for the 
radionuclides found in the affected material (i.e., soil).  Radium-226, thorium-228, 
thorium-230, thorium-232, and uranium-238 are present on Site at activities above 
tentative DCGLs.  Additional radionuclides were identified during the characterization 
(radium-228, uranium-234, and uranium-235) but at activities consistent with 
background. 

 
 Prevent exposure to indoor air concentrations of radon gas and radon decay products 

greater than 4 picocuries per liter (pCi/L) and 0.02 working level (WL), respectively.  
Exposure to 4 pCi/L of air for radon corresponds to an approximate annual average 
exposure of 0.02 WL for radon decay products, when assuming residential land use. 

 
 Prevent long-term dermal, inhalation, and ingestion exposures to trace metal-affected 

materials with concentrations greater than the CDPHE proposed Residential/Unrestricted 
Land-Use Standards or that generate hazard indices greater than 1.  The trace metals of 
concern are arsenic, lead, mercury, molybdenum, and vanadium. 

 
 Address hazards associated with soil containing elevated concentrations of lead (possible 

access issues with neighborhood children). 
 

 Implement remedial measures that limit groundwater and surface-water concentrations to 
the maximum contaminant levels (MCLs) at the points of compliance and to non-zero 
maximum contaminant level goals (MCLGs), established under the Safe Drinking Water 
Act and under Colorado law.  Although the affected groundwater is not a current drinking 
water supply, it eventually enters Clear Creek, which is used by downstream users for 
drinking water.  Uranium and arsenic are the primary groundwater contaminants of 
concern. 

 
 Prevent off-site migration of affected material that could result in the exposures described 

above.  This includes the groundwater pathway. 
 

 Implement remedial actions that reduce exposures from ionizing radiation to levels that 
are as low as reasonably achievable (ALARA). 

 
 Comply with soil-, location- and action-specific ARARs (presented below).  

 
The remedial action objectives were used to identify specific soil Action Levels and groundwater 
Standards, as listed in Tables 3-1 and 3-2.  Table 3-1 presents the soil Action Levels agreed to in 
the approved 2006 Site Characterization Work Plan. Table 3-2 identifies ARARs for soils, 
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groundwater, and surface water. These final DCGLs, in combination with the environmental 
covenant, allow the School to comply with all ARARs and allow for future beneficial use of the 
Site. 
 

Table 3-1 
Site DCGLs and Soil Clean-up Levels 

Metal 
DCGL 

(mg/kg) 

Site Action Level  
(inclusive of background) 

(mg/kg) 
Arsenic 1.0 39 
Lead NA 400* 
Mercury (elemental) 1.1 1.1 
Mercury (compounds) NA 23 
Molybdenum NA 390 
Vanadium  NA 550 

Radioisotope 
DCGL 
(pCi/g) 

Site Action Level  
(pCi/g) 

Radium 226 1.44 4.14 
Radium 228 2.20 4.6 
Thorium 228 3.77 6.47 
Thorium 230 9.83 11.53 
Thorium 232 1.48 3.88 
Uranium 234 253 254.9 
Uranium 235 4.88 4.97 
Uranium 238 20.2 21.8 
NA – Not applicable 
* DCGLs not calculated for some metals.  Site Action Levels use ARARs for clean-up goals.  

 
Receptor definition is important for the determination of risks and hazards.  Exposure times and 
multiple pathways place the urban resident at greater risk than an occasional recreational user.  
The persistence of the affected material would place receptors at risk for over 1,000 years, and 
land use could change significantly in that amount of time.  Both the urban resident and the 
recreational user have been evaluated for each scenario because of the future land use uncertainty 
and because it is reasonably foreseeable that the Site would be used for urban residents by the 
School or other future owners of the Site.  Additionally, exposures resulting from each 
alternative must comply with a 1997 U.S. Nuclear Regulatory Commission (NRC) rule (10 CFR 
Part 20, Subpart E), which has been adopted by Colorado (6 CCR 1007-1 4.61.3) and establishes 
a dose criterion for decommissioning a site.  This rule includes a provision that permits 
decommissioning under restricted release conditions, such as those proposed herein.  Under a 
restricted release (a release including an environmental covenant), the dose to the average 
member of the critical group must not exceed 25 mrem/yr with the restrictions in place, and, if 
the restrictions were to fail, the dose due to residual radioactivity must not exceed 100 mrem/yr. 
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Table 3-2 
ARARs for Soils, Groundwater, and Surface Water 

Media Site-Specific Applicable or Relevant and Appropriate Requirements Considered 
10 CFR §20.1402 and 1403, NRC Standards for Protection Against Radiation, Radiological Criteria for Unrestricted 
and Restricted Use – Requires that exposures to onsite receptors do not result in a dose in excess of 25 mrem/yr 
plus ALARA, and 100 mrem/yr if institutional controls fail for restricted use cleanups. 
6 CCR 1007-1, §4.61.2 – 4.61.3, Colorado Radiation Control regulations, Radiological Criteria for Unrestricted and 
Restricted Use - Requires that exposures to onsite receptors do not result in a dose in excess of 25 mrem/yr plus 
ALARA, and 100 mrem/yr if institutional controls fail for restricted use cleanups. 
EPA Memorandum, Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination, OSWER 
No. 9200.4-18, August 1997 – Uses a risk-based approach to recommend limiting exposures to less than 15 
mrem/yr for NCP compliance. 
EPA Memorandum, Reassessment of Radium and Thorium Soil Concentrations and Annual Dose Rates, July 22, 
1996 – Initial discussion that resulted in the recommended 15 mrem/yr dose. 
EPA Memorandum, Use of Soil Cleanup Criteria in 40 CFR 192 as Remediation Goals for CERCLA Sites, Directive 
No. 9200.4-25, February 1998 – Clarification of the use of 40 CFR 192 for the development of radionuclide soil 
Standards. 
40 CFR §192.12, Subpart B; 6 CCR 1007-1, Part 18 Appendix A —Standards for Cleanup of Land and Buildings 
Contaminated with Residual Radioactive Materials from Inactive Uranium Processing Sites, Standards – Limits 
radium-226 surface activities (up to 15 cm) to 5 pCi/g and subsurface activities (greater than 15 cm) to 15 pCi/g. For 
occupied or habitable structures it requires that remedial efforts result in an annual radon decay product 
concentration (including background) of less than 0.02 WL (in any case the concentration should not exceed 0.03 
WL). And interior gamma shall not exceed background by more than 20 microroentgens per hour.   
40 CFR §192.02, Subpart A; 6 CCR 1007-1, Part 18 Appendix A —Standards for the Control of Residual 
Radioactive Materials from Inactive Uranium Processing Sites, Standards – Specifies that the control of residual 
radioactive materials and their listed constituents shall be designed to be effective for up to 1,000 years, and in any 
case for at least 200 years. Also imposes limits on acceptable radon air concentrations and requires groundwater 
monitoring when necessary. 
CDPHE, Proposed Soil Remediation Objectives Policy Document, December 1997, as updated 
CDPHE, Revised Proposed Residential/Unrestricted Land-Use Standards, 2003, as updated 
EPA Region 9 Memorandum, Region 9 PRGs Table 2002 Update, October 2002 – Describes risk-based approach 
to soil cleanup and provides table of preliminary remediation goals for soils. CDPHE recommends the use of these 
PRGs for materials not covered by their proposed soil Standards. 

So
il 

Colorado Environmental Covenant Law: 25-15-317 thru 327, CRS 
40 CFR §192.02 Standards, §192.03 Monitoring, §192.04 Corrective Action, Subpart A—Standards for the Control 
of Residual Radioactive Materials from Inactive Uranium Processing Sites – Details the requirements specific to 
groundwater. 
40 CFR §192.20 Guidance for implementation, §192.20 Criteria for applying supplemental Standards, Subpart C – 
Implementation – Additional groundwater requirements. 
40 CFR 141.11, National Primary Drinking Water Regulations, Maximum contaminant levels for inorganic 
chemicals. 
40 CFR 141.15, National Primary Drinking Water Regulations, Maximum contaminant levels for uranium, radium-
226, radium-228, and gross alpha particle radioactivity in community water systems. 
40 CFR 141.51, National Primary Drinking Water Regulations, Maximum contaminant level goals for inorganic 
contaminants. 
40 CFR 141.55, National Primary Drinking Water Regulations, Maximum contaminant level goals for radionuclides. 
5 CCR 1003-1, Colorado Primary Drinking Water Regulations, Maximum contaminant levels for uranium and 
arsenic, among other substances. 
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5 CCR 1002-41, Colorado Department Of Health, Water Quality Control Commission Regulation No. 41, Basic 
Standards for Groundwater. 
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Table 3-2 
ARARs for Soils, Groundwater, and Surface Water 

Media Site-Specific Applicable or Relevant and Appropriate Requirements Considered 
5 CCR 1002-8, §3.1.1, Colorado Department Of Health, Water Quality Control Commission Regulation No. 8, 
Establishes Basic Standards, Anti-degradation Standard, and system for classifying State water.  
5 CCR 1002-38, Colorado Department Of Health, Water Quality Control Commission Regulation No. 38, 
Classifications And Numeric Standards South Platte River Basin (including Clear Creek as a tributary), Laramie 
River Basin, Republican River Basin, Smoky Hill River Basin. 
5 CCR 1002-31, Colorado Department Of Public Health And Environment, Water Quality Control Commission, 
Regulation No. 31, The Basic Standards And Methodologies For Surface Water, Section 31.8 Antidegradation Rule. 

 Colorado Environmental Covenant Law: 25-15-317 thru 327, CRS 

 
Attainment of Site performance Standards and clean-up goals is summarized in the following 
subsections for the three soil areas of this project as well as for the groundwater.  These 
performance Standards and clean-up goals were identical for each soil area due to the common 
origin of possible impacts. Attainment issues are also discussed in more detail in subsequent 
sections in this report. 
 
3.1 Main Site 
Two soil stockpiles were established for excavated impacted materials:  Stockpile A consisted of 
approximately 200 cubic yards with a mean concentration of Ra-226 of 71.83 pCi/g.  Stockpile B 
consisted of approximately 12,500 cubic yards with a mean concentration of Ra-226 of 13.55 
pCi/g.  The soil in both piles was solid waste, not hazardous waste. 
 
The two stockpiles were sampled and analyzed to characterize the soil, as well as document 
compliance with disposal sites’ waste acceptance criteria.  Table 3-3 shows the average 
radionuclide and metals sample results for Stockpiles A and B.  
 

Table 3-3 
Stockpile Soil Characterization 

Analyte Stockpile A Average* Stockpile B Average* 
Radium 226 (pCi/g) 71.83 13.55 
Radium 228 (pCi/g) 2.64 2.21 
Thorium 228 (pCi/g) 2.23 2.09 
Thorium 230 (pCi/g) 37.85 9.14 
Thorium 232 (pCi/g) 2.08 1.92 
Uranium 234 (pCi/g) 41.05 8.27 
Uranium 235 (pCi/g) 3.24 0.72 
Uranium 238 (pCi/g) 41.25 8.51 
Arsenic (mg/kg) 38.55 33.30 
Lead (mg/kg) 850.00 494.70 
Mercury (mg/kg) 3.20 4.30 
Molybdenum (mg/kg) 36.00 137.00 
Vanadium (mg/kg) 86.50 38.00 
* Arithmetic mean 
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The Main Site was divided into four survey units in accordance with Multi-Agency Radiation 
Survey and Site Investigation Manual (MARSSIM) criteria.  At the end of the excavation 
activities, all Class 1 material was moved to either Stockpile A or B, and the remainder of the 
Site was classified as a Class 2 area.  The maximum size of a Class 2 area is 10,000 square 
meters.  Therefore, the Site required a minimum of three survey units; four survey units were 
used based on Site topography.  A combination of data from samples analyzed by the on-site and 
off-site laboratories was used to evaluate the success of the clean up.  These samples were 
evaluated using EPA’s Methods for Evaluating the Attainment of Cleanup Standards, Volume 1: 
Soils and Solid Media (EPA, 1989).  Statistical tests were applied in accordance with Chapter 6, 
Determining Whether the Mean Concentration of the Site is Less Than a Cleanup Standard.  All 
four survey units met final Site Action Levels for all metal and radionuclide constituents of 
concern at the 95 percent confidence level.  Final survey results are presented in the 2007 RI/FS. 
The Site soils in the Main Site area met the soil Action Levels. 
 
3.2 Clay Pits Area  
Two separate efforts were conducted to locate buried CSMRI-related material in the Clay Pits 
Area.  The first investigation was unsuccessful due to the lack of survey information identifying 
the exact location of the suspected material within the pits.  The suspected location of the 
material was surveyed in 1977 and is known as the Bolis survey.  This survey was identified only 
after the original Clay Pits investigation.  
 
At the request of the Colorado School of Mines, a second subsurface investigation was 
conducted of the former Clay Pits Area during April 2007.  The Clay Pits Area had the same 
performance Standards as the Main Site and followed the same procedures except as detailed in 
the work plan letter to the CDPHE dated November 6, 2006.  The goal of the investigation was 
to locate the area suspected to contain former pond sediments, as identified in the Bolis survey, 
and to determine the nature and extent of the contamination if identified.   
 
The Clay Pits investigation was unable to identify impacts resulting from CSMRI operations; 
therefore, no further action is required in this area for CSMRI materials.  Appendix A contains a 
letter from the CDPHE radiation unit agreeing that this area does not require further action under 
this project. The Clay Pits area meets the objectives for this remedial action. 
 
3.3 Flood Plain  
The excavation of soil from the Flood Plain Area east of the former pond was completed 
following guidelines established for the Main Site and presented in the work plan.  Not all 
impacted soil above Action Levels, however, could be excavated from this area.  During soil 
segregation activities, excavation of soil above Action Levels was limited by groundwater, 
surface water, and large old-growth trees.  Additional soil excavation from this area was not 
practical.  After discussions with the CDPHE radiation unit, it was agreed between the School 
and the CDPHE radiation unit that soil above Action Levels in this area would be left in place 
provided an environmental covenant placed the necessary restrictions to prevent unacceptable 
doses.  The final condition of the Flood Plain Area, using laboratory data from all remaining 
non-excavated sample locations, indicates a mean Ra-226 concentration of 4.77 pCi/g, with a 95 
percent upper confidence level of 5.5 pCi/g. 
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The soil remaining above Action Levels was left in place.  Clean fill was placed into the 
excavated areas to re-establish drainage and prevent mosquito breeding sites.  The fill soil was 
taken from uncontaminated piles located on the upper, previously remediated terrace.  This 
action eliminated the safety concerns of leaving open shallow excavations filled with water and 
reduces the exposure potential of any recreational users.  This portion of the Site will have a 
restrictive environmental covenant placed on it prohibiting residential structures and requiring 
radon mitigation systems for commercial or industrial structures. Covenants and legacy 
management issues are discussed further in Section 9.  
 
Access to the Flood Plain Area was limited to a single road that went from the upper bench 
terrace down the slope to the flood plain.  The road has since been removed and re-configured 
with cobbles to allow for drainage.  Erosion control best management practices include erosion 
mats and wattles to provide slope stability between the bench terrace and the Flood Plain Area. 
 
3.4 Groundwater  
This section describes the overall groundwater monitoring network at the CSMRI Site, including 
monitor well locations, sampled and tested analytes, groundwater flow direction, and recent 
construction activities that are likely to affect the overall hydrogeologic regime at the Site. 
 
Monitoring Details 
Groundwater monitor wells are located in areas likely to detect impacts, if any, to groundwater 
emanating from the Site as well as at locations that represent background water quality.  Figure 3 
presents the locations of 11 groundwater monitor wells and the two Clear Creek surface water 
sample locations.  Monitor wells CSMRI-4 and CSMRI-5 are located downgradient from the Site 
in the Clear Creek flood plain.  Well CSMRI-1 is located along Clear Creek upstream from the 
Site, and well CSMRI-2, as a background water quality monitor well, is located off site on the 
southeast corner of the freshman parking lot on West Campus Drive.  The remaining monitor 
wells are located within the limits of the Site. 
 
In February 2007, seven new groundwater monitor wells were installed to confirm the 
effectiveness of the source excavation remedy that was conducted in 2006.  Monitor well 
CSMRI-8 is located along Clear Creek within the Flood Plain Area, and monitor wells CSMRI-
1B, CSMRI-6B, CSMRI-7B, CSMRI-9, CSMRI-10, and CSMRI-11 are located on the upland 
areas and essentially encircle the CSMRI Site source removal area. 
 
In July 2008, two monitor wells (CSMRI-6B and CSMRI-11) were abandoned due to 
construction activities.  These two wells were replaced in December 2008 with CSMRI-6C and 
CSMRI-11B, respectively. 
 
Clear Creek surface water sample location SW-1 is located approximately 420 feet upstream of 
the CSMRI Site, and surface water sample location SW-2 is located approximately 150 feet 
downstream of the Site. 
 
Site groundwater data are discontinuous from 1990 through 2007; however, since March 2007 
sampling has been conducted consistently on a quarterly basis.  Aqueous samples are tested for 
the presence of select radioisotopes (radium 226 and radium 228); anions (bicarbonate, 
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carbonate, chloride, nitrate/nitrite, and sulfate); cations (calcium, manganese, potassium, and 
sodium); and dissolved uranium.  Monitor wells located in the Flood Plain Area are tested for 
general chemistry analytes (total alkalinity, dissolved organic carbon, ferrous/ferric iron, and 
dissolved phosphorous).  Dissolved metals (arsenic, barium, cadmium, chromium, mercury, 
silver, and vanadium) are sampled and tested only during the June quarterly sampling event. 
 
Summary tables in Appendix C present historical analytical data for the groundwater monitor 
well, including radioisotopes and metals.  Table C-1 presents data from 1991 to 2003 for a 
limited set of groundwater wells.  Tables C-2 and C-3 present recent (September 2007 through 
March 2009) groundwater analytical data for dissolved radioisotopes and metals, respectively.  
Surface water analytical data are presented in Tables C-4 and C-5. 
 
Groundwater Flow Regime 
Groundwater flow direction on the bench terrace area, as measured by the existing network of 
monitor wells, is typically to the northeast from the baseball field and then arcing to the north 
toward the Flood Plain Area. Groundwater flow direction and gradient are updated quarterly and 
reported in each quarterly monitoring report. 
 
Recent construction activities at the CSMRI Site may have an effect on the overall 
hydrogeologic regime, including groundwater flow direction, saturated aquifer thickness, and 
groundwater quality. During the latter part of 2007 and through 2008, an artificial-turf soccer 
field was built over a portion of the former CSMRI Site, and a practice football field with 
artificial turf was built to the south of the CSMRI Site.  Both fields have underlying drainage 
beds with perimeter drains conveying collected precipitation to the north and discharging to the 
Flood Plain Area. 
 
A portion of the Welch Ditch located near background monitor well CSMRI-2 was closed in late 
2007 with flow now piped to Washington Avenue in Golden and then to down-ditch users.  The 
effects of the artificial turf fields and their associated drains and the closure of a portion of the 
Welch Ditch as a source of recharge to groundwater due to leakage are likely to result in lower 
potentiometric surface elevations. 
 
The levels of uranium in groundwater, which have not attained the Colorado groundwater 
standard for uranium for some of the monitoring wells on the Site, are expected to continue to 
fluctuate resulting from the excavation and off-site disposal of source materials.  However, it is 
anticipated that legacy management of groundwater, including monitoring of the elevated 
concentrations above the Colorado groundwater standard for uranium may be required until the 
Standard is met.  The groundwater will have an environmental covenant placed on it that 
prohibits use of the water. 
 
Groundwater in the shallow alluvium/colluvium has been shown to contain elevated 
concentrations of uranium, a Site contaminant of concern that also occurs naturally in the 
bedrock formations and in the surficial deposits that comprise the Site.  The groundwater 
uranium concentrations have been attributed to infiltrating water resulting in migration of 
radionuclides from source materials located on the Site.  
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The majority of the source material was excavated and disposed in an off-site landfill. However, 
a two-year monitoring period is currently being conducted to confirm the effectiveness of the 
Selected Remedy and to review the Legacy Management Plan. The current groundwater 
monitoring program consisting of quarterly sampling and analysis will continue until 
concentration levels drop to either below the Colorado groundwater standard or indicate a trend 
sufficient to demonstrate success of the remedy at addressing the uranium contamination in the 
groundwater. 

3.4.1 Groundwater Analytical Discussion 

As discussed previously, performance Standards, goals, and ARARs are associated with the 
groundwater. A discussion concerning groundwater chemistry as it relates to the ARARs is 
presented below and in detail in the document Draft Implementation Report, Groundwater 
Monitoring Well Installation, dated June 2007 (Stoller, 2007c). 
 
Ions and General Chemistry 
Beginning in March 2007, groundwater samples have been collected quarterly from Site monitor 
wells and from two Clear Creek surface water sample locations.  As groundwater flows through 
either saturated bedrock or sediments, it assumes a unique geochemical ionic composition as a 
result of the chemical interaction of the host media. 
 
Analyses of the anions and cations were initially conducted during the first quarter of 2007, and 
since the third quarter of 2008 (September), are conducted routinely as part of the overall 
sampling program. Results of the ionic analyses indicate three distinct types of groundwater 
within the monitored area of the former CSMRI Site. Some monitor wells are consistently the 
same water type between each sampling event while others vary in water types. 
 
The March 2009 sampling event indicates groundwater from monitor wells CSMRI-2, CSMRI-5, 
CSMRI-9, and CSMRI-10 is identified as calcium-bicarbonate (Ca-HCO3) type water; monitor 
wells CSMRI-2 and CSMRI-10 have consistently remained a Ca-HCO3 water type through most 
of the past sampling events while CSMRI-5 and CSMRI-9 have previously been a calcium-
chloride (Ca-Cl) type water.  Monitor wells CSMRI-4 and CSMRI-8 and the two Clear Creek 
sample locations SW-1 and SW-2 have consistently been characterized as calcium-sulfate (Ca-
SO4) type water throughout the sampling events. The influence of Clear Creek on the two flood 
plain monitor wells becomes apparent in that the water types are identical; however, monitor 
well CSMRI-5 is also located in the Flood Plain Area yet is of a different water type (Ca-HCO3) 
as described above.  Monitor well CSMRI-1 in the March 2009 sampling event is characterized 
as a Ca-Cl water type and has remained unchanged in the past three of four ionic sampling 
events. 
 
Results of the ionic analyses for the March 2009 quarterly sampling event using the geochemical 
analysis software AqQA® are presented in Appendix D.  Appendix D also presents a Piper 
trilinear diagram of the CSMRI groundwater. Ionic balances between the sum of the tested 
anions and cations as milliequivalents per liter (meq/L) range between 1 percent to 4.8 percent. 
 
The Piper diagram shows the similarity of the groundwater for the monitor wells where the 
symbols representing each of the monitor well ionic sample results are plotted on the same graphs.  

Page 20  July 2009 

 



CSMRI  Remedial Action Implementation Report 

The diamond-shaped graph between the cation triangle on the left and the anion triangle on the 
right is used to represent the composition of the groundwater with respect to both the anions and 
cations. The diamond-shaped graph shows that most of the groundwater samples are similar at 
CSMRI in that they are grouped relatively close to each other, except for the pale green triangle of 
CSMRI-2, which appears to be geochemically different from the other groundwater samples.   
 
Low dissolved oxygen (DO) values are associated with the three groundwater monitor wells 
located in the Flood Plain Area.  The June 2009 sampling event field parameters indicate low 
values ranging from 2.82 milligrams per liter (mg/L) at CSMRI-8 to 4.99 mg/L at CSMRI-5, 
while DO values at other monitor wells on the CSMRI Site range from 5.6 mg/L to 14.3 mg/L. 
Field derived oxidation-reduction potential (ORP) values are measured and recorded during the 
monitor well purging and sampling process, and negative values are noted in monitor wells 
locations CSMRI-1B, CSMRI-4, and CSMRI-5.  The low DO values and negative ORP values 
associated with monitor wells CSMRI-4 and CSMRI-5 in the Flood Plain Area indicate 
chemically reducing conditions. Oxygenated water from Clear Creek appears to be entering the 
Flood Plain Area near CSMRI-8 and mobilizing uranium from a nearby source.  As the creek 
water mixes with the hyporheic zone associated with upwelling from bedrock and from 
groundwater migrating from the CSMRI Site down the bench terrace slope into the Flood Plain 
Area, the groundwater in the flood plain becomes reduced and lowers the concentration of 
uranium in the groundwater as measured at monitor well locations CSMRI-4 and CSMRI-5.  
Oxygenated water from Clear Creek appears to be entering the Flood Plain Area near CSMRI-8 
and mobilizing uranium from a nearby source.  As the creek water mixes with upwelling 
groundwater associated with bedrock and from groundwater migrating from the CSMRI Site, the 
groundwater in the flood plain becomes geochemically reduced (lower oxygen content).  The 
uranium precipitates out in the reduced groundwater with the net effect of lowering the 
concentration of uranium in the groundwater as measured at monitor well locations CSMRI-4 
and CSMRI-5. 
 
Water temperature provides a line of physical evidence that surface water and groundwater are 
mixing in the Flood Plain Area.  With such mixing, the temperature of the flood plain 
groundwater would be expected to vary during the course of each year due to its interaction with 
surface water from Clear Creek.  Available field-derived water sample temperature data from 
two sampling events in 2009 indicate groundwater from the monitor wells on the bench terrace is 
relatively stable and ranges from 11+ to 14° C during the spring and summer months.  In the 
Flood Plain Area, the water temperature at CSMRI-8 is closely aligned with the temperature of 
Clear Creek at about12° C but with groundwater that is somewhat cooler at monitor well 
locations CSMRI-4 and CSMRI-5 at 7.0 and 6.8°C, respectively.  The water temperature 
difference associated with these two wells may be associated with nearby springs emanating 
from the bench terrace.  Additional evidence for a unique groundwater source in the area of 
CSMRI-8 is the sulfate concentration of 530 mg/L measured in March 2009, whereas 
comparable concentrations at most other Site wells at this time fell in the range of 62 to 190 
mg/L.  
 
Radioisotopes 
Aqueous sampling and testing for radioisotopes includes the analytes radium 226 and radium 
228.  Thorium isotopes 228, 230, and 232 were initially part of the analyte list but were dropped 
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after several sampling events indicated low detected activity.  The CDPHE radiation unit 
concurred with the decision to eliminate sampling for the thorium isotopes.  
 
The results of the March 2009 sampling event indicate the sum of the activity of radium isotopes 
226 and 228 at background monitoring well CSMRI-2 was detected at 5.05 pCi/L, barely 
exceeding the MCL of 5 pCi/L. This well is the site’s background, up-gradient monitoring well.  
This data may indicate naturally occurring radium isotopes within the formations underlying this 
area.  At a minimum, this data is not indicative of site issues.  Radium exceedances at this 
location occurred in 1995 and then again in two of four quarterly sampling events in 2003.  
Monitoring will continue at this location to assess the sporadic nature of these isotopes.  No other 
monitor wells have indicated exceedances of radium isotopes. 
 
Metals 
Aqueous sampling and testing for dissolved metals includes dissolved uranium for all quarterly 
sampling events; and the metals arsenic, barium, cadmium, chromium, mercury, silver, and 
vanadium for the June quarterly sampling event.  The sampling and analytical testing of the 
dissolved metals only during the June quarterly sampling event are with the concurrence of the 
CDPHE radiation unit.  Except for uranium, previous sample results have indicated no 
exceedances of any of the tested metals. 
 
The results of the groundwater monitoring indicate exceedances of uranium above the 
groundwater standard at three monitor wells.  Two of the monitor wells, CSMRI-4 and CSMRI-
8, are located in the Flood Plain Area and one monitor well, CSMRI-9, is located at the edge of 
the bench terrace immediately south of the Flood Plain Area. 
 
The exceedances of uranium at CSMRI-4 have been persistent since at least the early 1990s.  
Sampling of this monitor well was initially sporadic, but the sampling is now conducted 
quarterly.  This monitor well is in the vicinity of the former tailings pond area, which was 
excavated by an EPA contractor under a removal action in 1992. The June 2009 quarterly 
sampling results indicate a concentration of uranium at 110 micrograms per liter (µg/L), above 
the State of Colorado Groundwater Quality Standard of 30 µg/L. 
 
The exceedances of uranium at CSMRI-8 have been persistent from when the monitor well was 
initially installed in February 2007.  This monitor well is located west and upstream of the 
former tailings pond area.  The initial sample results indicated a concentration of uranium at 
1,100 µg/L.  The June 2009 quarterly sampling results indicate a concentration of uranium at 700 
µg/L. This value is significantly reduced from previous sampling events. The observed elevated 
concentrations detected at monitoring well CSMRI-8 may be the result of one or several of the 
following: 
 

 Soil surrounding the well contains residual uranium from the former tailings pond. 
 The well contains residual uranium from the former Building 101 area at the top of the 

bench terrace above the flood plain. 
 The well is located in a zone where strong mixing between creek water and groundwater 

occurs, and the oxidizing conditions associated with creek water causes uranium to 
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dissolve more readily. Seasonal changes in mixing proportions may be causing 
fluctuations in uranium concentrations. 

 
Given the apparent likelihood that surface water from Clear Creek is infiltrating the subsurface 
near CSMRI-8, additional continuing data collection will further the understanding of whether 
uranium concentrations at CSMRI-8 and CSMRI-4 remain elevated throughout the year or tend 
to fluctuate in response to temporally variable inflow of surface water into the groundwater 
system.  The flows through and chemistry of hyporheic zones associated with most rivers and 
streams change over time in response to multiple factors, including stream stage, stream bed 
sedimentation, locations of stream bends with respect to flood plain alluvium, and the relative 
locations of pools and riffles within a stream.  If the mixing is a seasonal phenomenon, low-flow 
periods on the creek might provide a time window for uranium levels to build up in nearby 
bedrock such that subsequent hyporheic flows during periods of high runoff remobilize uranium 
in groundwater. 
 
The recent exceedance of uranium at CSMRI-9 may be associated with the rise in the water table 
due to the wetter-than-average May and June 2009 months.  Since March 2007, the concentration 
of dissolved uranium has fluctuated slightly above to slightly below the groundwater standard of 
30 µg/L. During the most recent sampling event in late June 2009, uranium was detected at a 
concentration of 99 µg/L.  The recent elevated presence of uranium at this location may be 
attributed to the completion of the recently constructed soccer field immediately to the south of 
CSMRI-9 and the unknown effect the artificial turf field with perimeter drains will have on the 
overall hydrologic regime of the CSMRI Site. Quarterly sampling will continue at this location 
and the analytical data will be used to assess the concentration trends of uranium at this location. 

3.4.2 Groundwater Analytical Conclusions 

The results of seven quarterly sampling events of the existing network of monitor wells indicate 
exceedances of uranium at two groundwater monitor wells located within the Flood Plain Area 
and at one monitor well located on the bench terrace immediately south of the flood plain.  
Oxygenated water from Clear Creek appears to be entering the Flood Plain Area in the vicinity 
of CSMRI-8 and mobilizing uranium from a nearby source. The concentration of uranium then 
becomes reduced as the groundwater interacts in the hyporheic zone as it migrates through the 
flood plain. The recent exceedance of uranium at CSMRI-9 above the flood plain will be 
monitored during future sampling events.  
 
Geochemical analyses indicate three different types of water have been identified at the CSMRI 
Site:  Ca-Cl, Ca-HCO3, and Ca-SO4 waters.  Most monitor wells change seasonally between Ca-
Cl and Ca-HCO3-type waters.  However, monitor wells CSMRI-4 and CSMRI-8, and surface 
water locations SW-1 and SW-2 have consistently remained Ca-SO4-type water through the 
sampling events. 
 
The radioisotopic data for radium above water quality standards at the CSMRI-2, the upgradient, 
background well is not related to any possible contamination from CSMRI activities.  The 
dissolved metals data indicate no exceedances of any standards for monitored metals. 
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4. Quality Assurance/Quality Control Procedures  
The QA/QC procedure and requirements for areas of discussion in this report can be referenced 
in Section 7 of the CSMRI Creekside Site Final Site Characterization Work Plan dated May 12, 
2006. 
 
In summary, the purpose of the Quality Assurance Project Plan (QAPP) was to document the 
procedures required for QA, QC, data verification and validation, and data quality assessment for 
sampling and analysis activities related to the CSMRI Site project.  The goal of the QAPP was to 
identify and implement the QA/QC practices associated with sampling and analytical 
methodologies that limit the introduction of error into analytical data.  The QAPP provided the 
methodology to ensure that project data were of adequate quantity, quality, and usability for their 
intended purpose, and further ensured that such data were authentic, appropriately documented, 
and technically defensible. 
 
Quality assurance elements are the procedures used to control those immeasurable components 
of a project such as using the proper sampling techniques, collecting a representative sample, 
specifying the proper analysis, etc.  Although not measurable, quality assurance procedures are 
essential to produce quality information. 
 
Quality control data are the data generated to estimate the magnitude of bias and variability in 
the processes for obtaining the environmental data.  These processes include both the field 
processes for obtaining the data and the laboratory analyses.   
 
Data quality assessment is the overall process of assessing the quality of the environmental data 
by reviewing the application of the QA elements, the analysis of the QC data, and results of the 
data verification and validation.  Quality assessment encompasses both the measurable and 
immeasurable factors affecting the quality of the environmental data.  Assessment of these 
factors may identify limitations that require modifications to procedures or protocols for sample 
collection and analysis or affect the desired interpretation and use of the data. 
 
The QAPP was developed in accordance with the requirements in Guidance for Quality 
Assurance Project Plans (EPA, 2002).   
  
5. Construction Activities 
Complete details of the stockpiled soil disposal procedures and justification for techniques used 
are provided in the Colorado School of Mines Research Institute Stockpiled Soil Disposal Work 
Plan (Stoller, 2007e).  The soil was stockpiled as detailed in the CSMRI Creekside Site Final Site 
Characterization Work Plan (Stoller, 2006a).   
 
Stoller excavated the contaminated soils and made two stockpiles at the Site.  Stockpile A 
contained 175 cubic yards with an average of 71.83 pCi/g Ra-226, and Stockpile B consisted of 
approximately 12,500 cubic yards with an average of 13.55 pCi/g Ra-226. 
 
A public meeting was held on May 30, 2007, and public comment was received on the RI/FS and 
the Proposed Plan. A Record of Decision was published on July 10, 2007.  The Record of 
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Decision responded to public comment and selected off-site disposal and environmental 
covenants as the remedy.  
 
Construction activities took place between August 20, 2007 and September 7, 2007. During this 
time, the two soil stockpiles were loaded out and transported by truck to the Foothills Landfill 
and the Clean Harbors Deer Trail Landfill.  
 
Soil from Stockpile A was shipped to the Clean Harbors Deer Trail facility in eastern Colorado 
on August 20, 2007.  Eleven lined trucks containing Stockpile A soil were shipped.  
 
Soil from Stockpile B, including soil from the Main Site as well as the Flood Plain Area, was 
shipped to the Allied Waste BFI Foothills Landfill between August 21, 2007 through September 
7, 2007.  A total of 615 trucks containing Stockpile B soil plus nine trucks containing other 
debris from the Site were shipped.   
 
Briefly, the procedure for stockpiled soil shipment was as follows: 
 

 All truckers and Site personnel were assembled for a briefing and safety meeting prior to 
starting any work on the Site. 

 Calibrated radiological survey equipment was performance tested each day prior to use. 

 An initial baseline survey for contamination was performed on the trucks and heavy 
equipment when they first arrived at the Site.  

 Truckers were provided with a waste manifest, and if they were returning from a previous 
load, they submitted their weigh tickets. 

 A plastic liner was placed and secured in each truck used to ship soil from Stockpile A. 

 The trucks entered the Site, were staged adjacent to the stockpile, and were loaded with 
contaminated soil.   

 The trucks exited the loadout area and were surveyed for contamination and dose rate.  
The readings were recorded on a survey form. 

 The trucks were inspected for any loose spillage and the load covered prior to departure 
from the Site. 

 Each outgoing shipment was recorded on a Truck Departure Record Form. 

 After their final load, trucks returned to the Site to deliver their final weigh ticket and to 
obtain a final radiological survey for “free release.”   

 
A photo log of the waste loadout and disposal is included as Appendix E. 
 
Personnel records were maintained for all people on Site.  Signature sheets for morning safety 
meetings, visitor sign-in logs, and worker sign-in logs are included in Appendix F.  Sign-in logs 
were maintained to provide data to allow the calculation of exposure dose for each person 
involved in the project.   
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Each instrument was performance tested and source checked daily with respect to local 
background.  Performance test record sheets are shown in Appendix G. 
 
Appendix H, on CD, contains copies of the daily Truck Departure Record Forms, truck radiation 
survey form, weigh ticket, and non-hazardous waste manifest for each truck.   
 
Appendix I contains final radiological release surveys for the trucks and heavy equipment. 
 
Each day, the global positioning system (GPS) coordinates of the disposal location at the Allied 
Waste Foothills Landfill were recorded.  All soil was deposited in the same area of the landfills; 
variation in the GPS readings is due to precision limitations in the GPS equipment.  Allied Waste 
indicated the GPS elevation readings were incorrect based on a survey marker located adjacent to 
the soil disposal area.  Although we are providing the GPS readings, the location and elevation of 
the soil was the responsibility of Allied Waste.  Nonetheless the disposal locations were 
consistent with the risk assessment that was performed and the soils were placed at the required 
location within the landfill. Appendix J contains the GPS coordinates.   
 
Two particulate air samplers were operational during soil stockpile load out activities as part of 
the monthly air monitoring of the CSMRI Site.  The samplers were moved closer to the 
stockpiled soil while maintaining their relative location (i.e., upwind and downwind).  The air 
sampler filters were replaced weekly during the soil load out activities and counted on Site for 
gross alpha and gross beta.  The filters were also submitted to Paragon Analytics for 
radioisotopic activity counting.  Isotopic parameters selected for analysis included gross alpha, 
gross beta, radium-226, thorium-228, thorium-230, uranium-234, uranium-235, uranium-238, 
and total uranium.  These analytes are for the same analytes that have been monitored at the 
CSMRI Site since February 2005.  The results of the weekly filter screening and off-site 
laboratory filter analyses indicate no exceedances above the Colorado air effluent Standards.  
Raw data and results are provided in Appendix K. 
 
Routine dose rate surveys were conducted in the exclusion area near the exposed front of the 
stockpile at the time.  The purpose of these surveys was to document that personnel dosimetry 
was not required for this job.  Measured dose rates in the general work area near the soil ranged 
from 22 to 28 microrem per hour.  Background readings ranged from 20 to 21 microrem per 
hour.  Dose rate surveys are provided in Appendix L. 
 
6. Final Inspection/Site Closure 
After all stockpiled soil and the stockpile liners were transported off site, surveys of the stockpile 
footprints were completed and samples taken.  The results of final confirmatory samples are 
presented in Tables 6-1, 6-2, and 6-3, including summary statistics.  Table 6-1 shows results for 
metals samples that were submitted to the analytical laboratory.  Table 6-2 shows results for 
radionuclide samples (with the exception of Ra-226) that were submitted to the analytical 
laboratory.  Table 6-3 shows Ra-226 results for samples that were analyzed by the shielded 
sodium iodide counting system used during the soil segregation work along with the samples that 
were submitted to the analytical laboratory for final confirmation. 
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Table 6-1 
Metals Data Under Stockpile Area (mg/kg) 

Sample # Arsenic Lead Mercury Molybdenum Vanadium 
20070906-1290 13 110 0.41 3.9 30 
20070906-1293 11 120 0.78 3.4 26 
20070906-1302 9.7 53 0.52 1.8 26 
20070906-1304 14 130 0.83 5.1 30 
20070906-1311 12 55 0.4 2 20 
20070906-1313 8.3 79 0.49 3.9 25 
Mean 11 91 0.6 3.4 26 
standard deviation 2.11 33.49 0.19 1.26 3.71 
EPA 95% confidence limit* 1.74 27.55 0.15 1.03 3.05 
mean + confidence limit 13.1 118.7 0.7 4.4 29.2 
Site Action Level 39 400 23 390 550 
*Upper one-sided confidence limit, calculated from Equation 6.8, Computing the Upper One-sided Confidence Limit, From Chapter 6 of 
EPA’s Methods for Evaluating the Attainment of Clean up Standards, Volume 1: Soils and Solid Media (EPA 1989). 

 
Table 6-2 

Radionuclide Data Under Stockpile Area (except Ra-226) (pCi/g) 
Sample # Ra-228 Th-228 Th-230 Th-232 U-234 U-235 U-238 

20070906-1290 1.45 1.56 3.13 1.35 2.18 0.065 2.36 
20070906-1293 1.55 1.69 4.42 1.72 3.64 0.198 3.89 
20070906-1302 1.14 1.79 1.69 1.7 1.1 0.074 1.17 
20070906-1304 2.28 1.99 2.97 2.15 2.46 0.117 2.41 
20070906-1311 1.8 2.06 1.3 2.1 1.18 0.062 1.17 
20070906-1313 1.85 1.65 2.21 1.68 1.84 0.107 2.23 
Mean 1.68 1.79 2.62 1.78 2.07 0.10 2.21 
standard deviation 0.39 0.20 1.13 0.30 0.94 0.05 1.00 
EPA 95% confidence limit* 0.32 0.16 0.93 0.25 0.77 0.04 0.83 
mean + confidence limit 2.00 1.95 3.55 2.03 2.84 0.15 3.03 
Site Action Level 4.6 6.47 11.53 3.88 254.9 4.97 21.8 
*Upper one-sided confidence limit, calculated from Equation 6.8, Computing the Upper One-sided Confidence Limit, From Chapter 6 of 
EPA’s Methods for Evaluating the Attainment of Clean up Standards, Volume 1: Soils and Solid Media (EPA 1989). 

 
Table 6-3 

Ra-226 Data Under Stockpile Area (pCi/g) 

Sample # 

NaI  
Ra-226 
(pCi/g) 

Field NaI reading 
(cpm) 

Under 
Stockpile 

Duplicate  
(not counted in stats) 

Paragon  
Ra-226 
(pCi/g) 

20070906-1283 3.8 17,595 A   
20070907-1284 3.9 21,138 A   
20070906-1285 4.9 21,138 A Duplicate  
20070906-1286 3.9 18,447 A   
20070906-1287 3.2 19,071 A   
20070906-1288 3.0 17,201 A   
20070906-1289 4.0 17,330 A   
20070906-1290 7.1 19,263 A  7.50 
20070906-1291 2.8 16,177 A   
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Table 6-3 
Ra-226 Data Under Stockpile Area (pCi/g) 

Sample # 

NaI  
Ra-226 
(pCi/g) 

Field NaI reading 
(cpm) 

Under 
Stockpile 

Duplicate  
(not counted in stats) 

Paragon  
Ra-226 
(pCi/g) 

20070906-1292 4.4 16,764 A   
20070906-1293 6.1 23,197 A  9.10 
20070906-1294 2.5 16,014 B   
20070906-1295 4.5 18,140 B   
20070906-1296 4.2 16,553 B   
20070906-1297 3.5 14,537 B   
20070906-1298 2.8 14,871 B   
20070906-1299 4.2 17,725 B   
20070906-1300 3.8 17,725 B duplicate  
20070906-1301 3.0 15,952 B   
20070906-1302 3.3 16,952 B  2.15 
20070906-1303 4.1 17,541 B   
20070906-1304 3.9 17,699 B  3.96 
20070906-1305 3.8 15,524 B   
20070906-1306 4.6 15,852 B   
20070906-1307 3.6 17,463 B   
20070906-1308 3.9 17,384 B   
20070906-1309 3.9 15,402 B duplicate  
20070906-1310 3.2 15,402 B   
20070906-1311 3.5 18,882 B  1.77 
20070906-1312 3.5 18,607 B   
20070906-1313 3.8 17,830 B  3.07 
20070906-1332 3.1 15,406 B   
20070906-1333 3.4 14,498 B   

For all field data  For field plus lab data 
mean  3.81  mean  3.81 
standard deviation 0.93  standard deviation 1.41 
EPA 95% confidence limit* 0.288  EPA 95% confidence limit* 0.438 
mean + confidence limit 4.1  mean + confidence limit 4.2 

For alpha = 0.10 EPA 90% confidence limit = 0.338 
mean + confidence limit = 4.1 
So the mean is less than the Action Level with 90% confidence 
*Upper one-sided confidence limit, calculated from Equation 6.8, Computing the Upper One-sided Confidence Limit, From Chapter 6 of EPA’s 
Methods for Evaluating the Attainment of Clean up Standards, Volume 1: Soils and Solid Media (EPA 1989). 
NaI = Sodium Iodide Counting System 

 
The Site was inspected by Edgar Ethington and Philip Stoffey from the CDPHE radiation unit on 
September 24, 2007.  Mr. Stoffey surveyed the former locations of the soil stockpiles for 
elevated gamma readings while Mr. Ethington inspected the Flood Plain Area.  Mr. Stoffey 
confirmed that stockpiled soil was completely taken off site and did not identify any elevated 
gamma readings.   
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Soil excavation in the Flood Plain Area had been halted due to the excavations reaching 
groundwater, the proximity of Clear Creek, and the presence of old-growth trees making it 
impracticable to continue.  After discussions with Mr. Ethington, it was agreed between the 
School and the CDPHE radiation unit that soil above Action Levels in this area would be left in 
place provided an environmental covenant was placed with the necessary restrictions to prevent 
unacceptable doses.   
 
7. Operations and Maintenance 
Since no active systems were installed as part of the remedy, no operations and maintenance 
requirements are associated with remedy implementation. 
 
8. Project Costs 
Using the information gathered during the remedial investigation phase, possible remedial 
technologies were identified.  After a screening process, five remedial alternatives (in addition to 
the no further action alternative) were identified as part of the feasibility study phase.  The 
preferred alternative presented in the 2007 Revised RI/FS was the off-site disposal of the 
impacted material at two landfills, with ongoing groundwater monitoring and an environmental 
covenant, or Alternative 5B.  After consideration of input and comments by reviewers of the 
2007 Revised RI/FS, including CDPHE and the local community, Alternative 5B was chosen as 
the selected remedy in the Record of Decision.  Tables 8-1 and 8-2 present an overview of cost 
information for each alternative analyzed in the RI/FS. 
 

Table 8-1 
Cost Information for Each Alternative  

including Stigma Value (in millions of dollars) 

Alternative Description 
Cost from 

Spreadsheet 
Property Value 

Loss Total Cost 
1 No further action $ 4.07  $ 0.46 $ 4.53 

4A On-site solidification and cap Stockpile B, ship 
Stockpile A off site 

$ 5.18  $ 0.46 $ 5.64  

4AA Solidify both stockpiles and cap $ 5.13  $ 0.46 $ 5.59  

4B On-site engineered disposal cell for Stockpile B, 
ship Stockpile A off site 

$ 5.21  $ 0.46 $ 5.67  

4BB On-site engineered disposal cell for both stockpiles $ 5.15  $ 0.46 $ 5.61  
5A Off-site disposal at solid waste facility – all to Idaho  $ 3.29 $ 0 $ 3.29 

5B Off-site disposal at two waste facilities – BFI and 
U.S. Ecology in Idaho 

$ 0.85  $ 0 $ 0.85  

 
Table 8-2 

Estimated Cost Information for Each Alternative 
Alternative Cost 

(in thousands of dollars) 
Cost Breakout 1 4A 4AA 4B 4BB 5A 5B 

Mobilization $ 0 $ 58 $ 58 $ 65 $ 65 $ 28 $ 28 
Construct Site Facilities Costs $ 0 $ 72 $ 72 $ 103 $ 103 $ 180 $ 102 
Soil Movement Costs $ 0 $ 175 $ 175 $ 149 $ 149 $ 147 $ 77 
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Table 8-2 
Estimated Cost Information for Each Alternative 

Alternative Cost 
(in thousands of dollars) 

Cost Breakout 1 4A 4AA 4B 4BB 5A 5B 
Solidification Costs $ 0 $ 321 $ 324 $ 0 $ 0 $ 0 $ 0 
Construct Cell Costs $ $ 0 $ 0 $ 242 $ 242 $ 0 $ 0 
Disposal Costs  $ 0 $ 54 $ 0 $ 54 $ 0 $ 2870 $ 580 
Engineering Cap Costs $ 0 $ 321 $ 321 $ 446 $ 446 $ 0 $ 0 
Stabilize Site and Monitoring Costs $ 4070 $ 4,120 $ 4,120 $ 4,101 $ 4,101 $ 34 $ 34 
Demobilization   $ 0 $ 42 $ 42 $ 32 $ 32 $ 26 $ 26 
Total $ 4070 $ 5184 $ 5132 $ 5206 $ 5152 $ 3285 $ 847 
Rank    3 6 4 7 5  2  1 
Ratio to Least Expensive  4.8:1 6.1:1 6.1:1 6.1:1 6.1:1 3.8:1 1 

 
The actual cost for the implementation of the selected alternative is presented in Table 8-3. 
 

Table 8-3 
Actual Cost for the Implementation of the Selected Remedy 

Cost Category Organization Organization Total 
Management Costs Stoller = $136,000 CSM = $47,000 $183,000 
Disposal Costs BFI = $349,000 Clean Harbors = $37,000 $386,000 
Earthwork and Trucking Costs $228,000 $228,000 
Total Costs  $797,000 
 
9. Covenants/Legacy Management 
The Site is divided into three soil areas, plus groundwater each having differing closures, 
environmental covenants, and legacy management.  The environmental covenants being placed 
on the Site are depicted on Figure 4, are described in the following sections, and copies of which 
are provided in Appendix M.  The Clay Pits Area does not require an environmental covenant for 
CMSRI ores and sludges. 
 
9.1 Main Site Soil Area 
After excavation and movement of contaminated soil to the stockpiles, the Main Site soil area was 
divided into four survey units for final survey.  All metals and radionuclides in soil were below the 
Action Levels with a 95 percent confidence level.  At the completion of the stockpiled soil disposal, a 
final survey was conducted under the stockpile footprints, and as shown previously in Tables 6-1 and 
6-2, the final confirmatory sample results for metals and radionuclides (except Ra-226) are below the 
Site Action Levels presented in the approved Site remediation work plan. 
 
Table 6-3, shown previously, gives results for the Ra-226 samples and shows the mean plus 
confidence limit for all the field sodium iodide results meets the Site Action Level of 4.1 pCi/g.  
However, when the analytical laboratory data are used to replace the sodium iodide data, the 
mean plus confidence limit is 4.2 pCi/g, or one tenth of one pCi/g above the Action Level.  
These are results obtained when using alpha = 0.5, equivalent to the 95 percent confidence limit.  
By using alpha = .10, it can be seen that the mean plus confidence limit meets the Action Level 
with a 90 percent confidence limit.  
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Remediation of Site stockpiled soils was completed by the transportation from the Site of 11 
truck loads of Stockpile A soil, 615 truck loads of Stockpile B soil, and nine truck loads of Site 
debris.  Site soils now meet the Action Levels and qualify for restricted uses consistent with the 
environmental covenant for this portion of the Site.  The air monitoring operations and 
associated reporting are being discontinued. The two air monitoring stations have been removed.  
The fence securing the Site has been removed.  The soil in the upper terraced portion of the Site 
is available for all uses consistent with the environmental covenant. 
 
The Main Site Area includes the upper terrace and has been remediated to the Site’s Action 
Levels.  One of the Site remedial action objectives, however, which is also part of the ARARs, is 
compliance with State, CERCLA/EPA, and NRC provisions to limit unacceptable radiation 
doses (TEDE to less than 25 mrem/yr and 15 mrem/yr, distinguishable from background; and 
less than 100 mrem/yr above background if institutional controls fail for on-site restricted use 
remedies) for the radionuclides found in the affected material (Stoller 2007b Section 7.1 and 
Table 8-1).  The unexcavated soils above background but below Action Levels remaining in the 
upper terrace area would result in a dose of 42 mrem/yr to residents if radon mitigation systems 
were not in place and operational.  Therefore, to comply with the remedial action objectives and 
ARARs, the School is placing an environmental covenant on this area requiring the use of radon 
mitigation in all residential structures built within the limits of this area of the Site.  The radon 
mitigation systems will reduce doses to residents below 25 mrem/yr and 15 mrem/yr. 
 
Additionally, the groundwater underneath the upper terrace soil is also being restricted with an 
environmental covenant as discussed in Section 9.4. 
 
9.2 Clay Pits Soil Area 
The Clay Pits investigation was unable to identify impacts resulting from CSMRI operations; 
therefore, no further action is required in this area.  An environmental covenant is not necessary 
for CSMRI materials.  Appendix A contains a letter from the CDPHE radiation unit agreeing that 
this area does not require further action under this project. 
 
9.3 Flood Plain Soil Area 
The excavation of soil from the Flood Plain Area east of the former pond was completed 
following guidelines established for the Main Site and presented in the work plan.  Not all 
impacted soil above Action Levels, however, could be excavated from this area.  During soil 
segregation activities, excavation of soil above Action Levels was limited by groundwater, 
surface water, and large old-growth trees.  Additional soil excavation from this area was not 
practical.  After discussions with the CDPHE radiation unit, it was agreed between the School 
and the CDPHE radiation unit that soil above Action Levels in this area would be left in place 
provided an environmental covenant was placed with the necessary restrictions to prevent 
unacceptable doses.  The final condition of the Flood Plain Area, using laboratory data from all 
remaining non-excavated sample locations, indicates a mean Ra-226 concentration of 4.77 pCi/g, 
with a 95 percent upper confidence level of 5.5 pCi/g. 
 
The soil remaining above Action Levels was left in place due to Site constraints and feasibility 
issues.  Clean fill was placed into the excavated areas to re-establish drainage and prevent 
mosquito breeding sites.  The fill soil was taken from uncontaminated piles located on the upper, 
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previously remediated terrace.  This was to eliminate the safety concerns of leaving open shallow 
excavations filled with water and reduce the exposure potential of any recreational users.  This 
portion of the Site will have a restrictive environmental covenant placed on it prohibiting 
residential structures.  Residential structures with radon mitigation systems in this area could still 
result in doses greater than the remedial action objectives of 25 mrem/yr and 15 mrem/yr to 
residents, so no residential structures will be permitted in this area.  Doses to industrial and 
commercial users without radon mitigation systems could still result in doses greater than the 
remedial action objectives of 25 mrem/yr and 15 mrem/yr. Radon mitigation systems, therefore, 
are necessary for commercial and industrial structures to be in compliance with the remedial 
action objectives for the Site.   
 
The former pond area is included within the area covered by the environmental covenant placed 
on the Flood Plain Area.  This is being done because the clean-up levels that were used by the 
EPA are greater than those used for the remainder of the Site.  The following MicroShield 
modeling summary included the former pond area to determine appropriate restrictions on this 
area.  This approach is protective of human health as demonstrated by modeling conducted using 
MicroShield as outlined below. 
 
The dose to recreational users (bikers, walkers, sightseers) exposed to Ra-226 contamination at 
the lower terrace portion of the Site was evaluated using MicroShield 7.0 computer code (Grove 
Software, 2005).  The lower terrace portion of the Site includes the Flood Plain Area and the 
former pond area.   
 
The actual exposure potentials from this Site are below those calculated with MicroShield due to 
shielding from soil and vegetation as well as any improvements or covering on the path; distance 
from the contaminated points; and actual time spent in the area. 
 
Construction workers building the path through the Flood Plain Area would also have the 
potential to be exposed to the residual activity in the soil.  Using the same set of conservative 
assumptions each worker was evaluated as presented in Table 9-1. 
 

Table 9-1 
Doses to Construction Workers 

Dose (mrem/yr) 

Scenario Internal External Total 

Cat Operator constructing bike path 0.0789 0.0275 0.0791 

Bathroom construction    

- Concrete Worker 0.2490 0.0006 0.2500 

- Carpenter 0.0684 0.0006 .06900 

- Finisher (Siding and Roofing) 0.0342 0.0003 0.0345 

- Plumber 0.5870 0.0000 0.5870 
 
Recreational users of a foot path would receive a radiological dose of 0.0113 mrem/yr., which is 
below the remedial action objectives of 25 mrem/yr and 15 mrem/yr.   
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The doses to recreational users of the former pond area (Table 9-2) (using the same assumptions) 
are well below the regulatory limits as well. 
 

Table 9-2 
Doses to Recreational Users from Ra-226 Remaining in the 

Former Pond Area 
Soils Ra-226 

Concentrations (pCi/g) Soil Depth (inches) Dose (mrem/yr) 
5 6 0.00152 
15 6-60 0.00785 

 TOTAL 0.00937 

 
The complete MicroShield evaluation is presented in Appendix N. 
 
A materials management plan will be prepared for soil areas subject to an environmental 
covenant to cover contingencies that may arise during future soil-disturbing events (like 
construction), if any. 
 
9.4 Groundwater 
The levels of uranium in groundwater, which have not attained the Colorado groundwater 
Standard for uranium for some of the monitoring wells on the Site, are expected to continue to 
drop resulting from the excavation and off-site disposal of source materials.  However, it is 
anticipated that legacy management of groundwater, including monitoring of the elevated 
concentrations above the Colorado groundwater Standard for uranium will be required.  The 
groundwater will have an environmental covenant placed on it that prohibits use of the water.  
The groundwater environmental covenant will be applied to groundwater within the fenced area 
of the Site. 
 
A two-year monitoring period is currently being conducted to confirm the effectiveness of the 
Selected Remedy and to review the Legacy Management Plan. The current groundwater 
monitoring program consisting of quarterly sampling and analysis will be continued until such a 
time as levels drop to either below the Colorado groundwater Standard or demonstrate a trend 
sufficient to demonstrate success of the remedy at addressing the uranium contamination in the 
groundwater.   
 
10. Certification 
 
I certify that the actions described in this document and the data presented are to the best of my 
knowledge accurate and complete.  Further I certify that the site currently exists in the state 
described and the selected remedial alternative has been implemented. 
 
 
     
Stephen R. Brinkman, P.G.  
Stoller Project Manager 
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Letter from CDPHE Releasing Site from Radioactive Materials License 
 

 





 

Appendix B 
 

Colorado School of Mines Research Institute Radioactive Materials License 
 
 

 









 

Appendix C 
 

Historical Groundwater Data 

 























 

Appendix D 
 

Piper Stiff Diagram and Anion/Cation Analyses 
 

 













































 

Appendix E 
Site Photo Log 

 
 

 

 



 
CSMRI Soil Loadout Photo Log 

 
 
 
 

 
 
 
 

Stockpile A soil being loaded into lined trucks for transportation to Clean Harbors Deer Trail 
Facility.  A total of 11 trucks were shipped to this facility on August 20, 2007. 

 
 
 
 
 
 
 
 
 
 



 

 
 
 
 

Stockpile B soils were transported to Allied Wastes Foothills Facility using side dump trucks.  A 
total of 615 truck loads were transported from August 21 through September 7, 2007. 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

After the trucks were loaded with soil, they stopped at the site checkout where all paperwork was 
completed and any dry decontamination that was needed was completed.  Each truck was also 
scanned to ensure no spread of contamination was occurring and that the load was within control 
limits. 

 
 
 
 
 
 
 
 



 
 
 
 

Each truck is scanned for both the activity emanating from the load to ensure compliance with 
DOT and landfill requirements, and the truck tires are scanned to ensure no spread of 
contamination. 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Soil was trucked to the disposal facility where it was dumped in a specific designated area.  Each 
load was spread using a dozer and covered with clean soil. 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

At the landfill, soil was spread with a dozer and covered with clean soil using a scraper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

The soil disposal area at Foothills landfill was located just past the bottom of the access road as 
seen in this picture.  One truck coming and one leaving as the spreading and covering operations 
proceed.  North Table Mountain is in the background. 
 

 
 
 
 
 



 
 
 
 

Trucks entered the site and pulled forward to the loadout area.  A dozer pushed soil to the 
excavator which was completing the loadout.  Dust control was performed continuously as soil 
movement was in progress. 

 
 
 
 
 
 
 
 
 
 



 
 
 
 

As the pile became smaller, soil along with the liner were pushed toward the excavator. 
 
 
 
 
 
 
 
 
 



 
 
 
 

Final site surveys were conducted using a sodium iodide detector to ensure all soil requiring 
removal was included in the last truck.  Final confirmatory sampling was conducted after all 
impacted soil was removed. 
 
 



 

Appendix F 
 

Site Personnel Documents  

Employee and Visitor Logs 
 
 

Safety Meeting Documentation 

 































































 

Appendix G 
 

Radiological Instrumentation Calibration Records 
 

 











 

Appendix H (on CD) 
 

Truck Departure Forms 
Outgoing Radiological Surveys, 

Weigh Tickets, 
and Non-hazardous Waste Manifests  

 

 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 

Appendix I 
 

Final Radiological Surveys of Trucks and Equipment 
 

 





 

Appendix J 
 

Daily GPS Coordinates of Disposal Location at BFI Foothills Landfill 

 



n a

a

WayPoint y_Cooordi x_Coordin Easting Northing
95 39.8509 -105.2286 3076205 1734938
96 39.85117 -105.2288 3076143 1735035
98 39.85301 -105.2301 3075774 1735704
99 39.85106 -105.2282 3076312 1734994

100 39.85105 -105.2282 3076312 1734992
101 39.8513 -105.2288 3076143 1735082
102 39.85096 -105.2287 3076188 1734959
103 39.85153 -105.2291 3076065 1735165
104 39.85079 -105.2291 3076068 1734896
105 39.85105 -105.2289 3076106 1734990
106 39.85105 -105.2289 3076106 1734990
107 39.85153 -105.2289 3076110 1735167
108 39.85112 -105.229 3076100 1735018

Original D WGS 84 Decimal Degrees

Converted to NAD 83 State Plane Colorado Central, Easting and Northing

Way Points 095 - 108 were roughly 35K feet north of the CSM site.  Which realatively closely matches
what I expected for the Allied Waste Services Foothills Landfill at 8900 HWY 93, Golden, CO



 

Appendix K 
 

Ambient Air Monitor Results 
 

 









 

Appendix L 
 

Dose Rate Surveys of Work Area 
 
 

 

 





 

Appendix M 
 

Copies of Covenants 
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 This property is subject to an Environmental Covenant held by 
the Colorado Department of Public Health and Environment 

pursuant to 25-15-321, C.R.S. 
 

ENVIRONMENTAL COVENANT – RESIDENTIAL RADON 
MITIGATION 

 
 By this deed, the State of Colorado acting by and through the Board of 
Trustees of the Colorado School of Mines (the “State”) grants an Environmental 
Covenant (“Covenant”) this ____ day of _____, 2007 (the “Effective Date”), to 
the Colorado Department of Public Health and Environment (the “Department”) 
pursuant to C.R.S. § 25-15-321 of the Colorado Hazardous Waste Act, C.R.S. §§ 
25-15-101, et seq.  The Department’s address is 4300 Cherry Creek Drive South, 
Denver, Colorado 80246-1530. 
 
 WHEREAS, the State is the owner of a certain parcel of property which is 
more particularly described in Exhibit A attached hereto (the “State Parcel”);  
 
 WHEREAS, the City of Golden, Colorado (the “City”) is the owner of a 
certain parcel of property more particularly described in Exhibit B attached hereto 
(the “Golden Parcel”); 
 

WHEREAS, a parcel of property located partially on the State Parcel and 
partially on the Golden Parcel which is more particularly described in Exhibit C 
attached hereto (the “CSMRI Site”), was used for, among other things, mining 
and metallurgical research for approximately 70 years, and as a result, the soil at 
the CSMRI Site has an elevated concentration of radium 226 (Ra-226), and some 
geologic formations at the CSMRI Site have unusually high background 
concentrations of Ra-226;  

 
WHEREAS, the relative locations of the State Parcel, the Golden Parcel, 

and the CSMRI Site are indicated in Exhibit D; 
 
 WHEREAS, pursuant to the 2007 Revised Remedial Investigation and 
Feasibility Study for the CSMRI Site (the “2007 Revised RI/FS”) and the 2007 
Record of Decision for the CSMRI Site, the CSMRI Site was the subject of 
remedial action pursuant to the Comprehensive Environmental Response, 
Compensation and Liability Act, 42 U.S.C. §§ 9601, et seq. (“CERCLA”) and 
the Applicable or Relevant and Appropriate Requirements (the “ARARs”) as 
identified in the 2007 Revised RI/FS, including the radiation control regulations;   
 
 WHEREAS, that portion of the CSMRI Site, which is more particularly 
described in Exhibit E attached hereto and which is owned by the State as of the 
Effective Date as indicated by the documents recorded as of the Effective Date in 
the office of the clerk and recorder of Jefferson County, Colorado, shall be 
referred to herein as the “Property”; 
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 WHEREAS, the State, to ensure protection of human health and the 
environment, desires to subject the Property to the restrictions described in this 
Covenant; 
 
 WHEREAS, the purpose of this Covenant is to ensure protection of human 
health and the environment by (1) requiring that any residential structures on the  
Property be equipped with a radon mitigation system in order to protect future site 
residents from radon emanation resulting from Ra-226 soil concentrations, and (2) 
prohibiting any beneficial uses of the ground water under the  Property; and 
 
 WHEREAS, the State desires to subject the Property to certain covenants 
and restrictions as provided in Article 15 of Title 25 of Colorado Revised Statutes, 
which covenants and restrictions shall burden the Property and bind the State, its 
heirs, successors, assigns, and any grantees of the Property, their heirs, 
successors, assigns and grantees, and any users of the  Property, for the benefit of 
the Department.   
 
 NOW, THEREFORE, the State hereby grants this Environmental 
Covenant to the Department and declares that the  Property shall hereinafter be 
bound by, held, sold, and conveyed subject to the following requirements set forth 
in paragraph 1 below, which shall run with the  Property in perpetuity and be 
binding on the State and all parties having any right, title or interest in the  
Property, or any part thereof, their heirs, successors and assigns, and any persons 
using the land, as described herein.  The State, its successors, and all parties 
having any right, title or interest in the  Property, or any part thereof, their heirs, 
successors and assigns shall hereinafter be referred to in this covenant as 
“OWNER”. 
 
1) Use restrictions. 
 

A. No residential structure, or similar structure requiring similar 
restrictions, such as medical facilities or child day care centers, 
may be constructed on the  Property without a properly designed 
radon mitigation system as approved by the Department.   

B. No beneficial uses of the ground water under the  Property.   
C. A Soils Management Plan shall be required for soils that may be 

disturbed in the future by construction activities or similar soil 
disturbing activities. 

 
2) Purpose of this Covenant.  The purpose of this Covenant is to ensure 
protection of human health and the environment by minimizing the potential for 
exposure to radon from radium 226 that remains in the soil on the  Property and to 
any uranium that remains in the ground water under the  Property.  The Covenant 
will accomplish this by requiring any new residential structure on the  Property to 
be equipped with an appropriate radon mitigation system that provides for radon 
venting, and by creating a review and approval process to ensure that any such 
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radon mitigation system is designed with appropriate precautions to avoid or 
eliminate potential exposures to radon.  This Covenant will also accomplish this 
by prohibiting any beneficial use of the ground water under the  Property. 
 
3) Modifications.  This Covenant runs with the land and is perpetual, unless 
modified or terminated pursuant to this paragraph.  OWNER or it successors and 
assigns may request that the Department approve a modification or termination of 
the Covenant.  The request shall contain information showing that the proposed 
modification or termination shall, if implemented, ensure protection of human 
health and environment.  The Department shall review any submitted information, 
and may request additional information. If the Department determines that the 
proposal to modify or terminate the Covenant will ensure protection of human 
health and environment, it shall approve the proposal.  No modification or 
termination of this Covenant shall be effective unless the Department has 
approved such modification or termination in writing.   Information to support a 
request for modification may include one or more of the following: 
 

a) a proposal to perform additional remedial work; 
b) new information regarding the risks posed by the residual 

contamination; 
c) information demonstrating that residual contamination has 

diminished; 
d) information demonstrating that the proposed modification would 

not adversely impact the remedy and is protective of human health 
and the environment; and 

e) other appropriate supporting information. 
 
4) Conveyances.  This Covenant is intended to run with the land and shall be 
binding upon all subsequent owners of all or any part of the  Property.  OWNER 
shall notify the Department at least fifteen (15) days in advance of any proposed 
grant, transfer or conveyance of any interest in any or all of the  Property.   
 
5) Notice to Transferees.  OWNER agrees to incorporate either in full or by 
reference the restrictions in this Covenant in any leases, licenses, transfers of any 
interest in the  Property, or other instruments granting a right to use the  Property. 
 
6) Notification for proposed construction and land use.  OWNER shall notify 
the Department simultaneously when submitting any application to a local 
government for building permit or change in land use. 
 
7) Inspection.  The Department shall have the right of entry to the  Property 
at reasonable times with prior notice for the purpose of determining compliance 
with the terms of this Covenant.  Nothing in this Covenant shall impair any other 
authority the Department may otherwise have to enter and inspect on the  
Property. 
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8) No Liability.  The Department does not acquire any liability under State 
law by virtue of accepting this Covenant.   
 
9) Enforcement.  The Department may enforce the terms of this Covenant 
pursuant to C.R.S. § 25-15-322.  The Department may file suit in district court to 
enjoin actual or threatened violations of this Covenant. 
 
10) Owner’s Compliance Certification.  OWNER shall submit an annual form, 
detailing OWNER’s compliance, and any lack of compliance, with the terms of 
this Covenant.  Such form will be due to the Department forty-five (45) days after 
OWNER’s receipt of such form from the Department. 
 
11) Acknowledgment.  The State acknowledges that an additional portion of 
the State Parcel is subject to another environmental covenant restricting the uses 
of such parcel to uses other than for residential purposes and prohibiting the 
beneficial use of ground water.  Such covenant, entitled ENVIRONMENTAL 
COVENANT – NO RESIDENTIAL USE (the “Additional Covenant”) and 
entered into as of _____________, 2007 between the State and the Department is 
recorded in the office of the clerk and recorder of Jefferson County, Colorado.  
The State acknowledges that the Golden Parcel is subject to environmental 
covenants with terms and conditions similar to those contained in the Additional 
Covenant.  Such covenants, entitled ENVIRONMENTAL COVENANT – NO 
RESIDENTIAL USE and entered into as of _________, 2007 between the City of 
Golden and the Department are recorded in the office of the clerk and recorder of 
Jefferson County, Colorado.   Nothing contained herein shall subject any real 
property other than that owned by the State as of the Effective Date to the 
restrictions described in this Covenant. 
 
12) Notices.  Any document or communications required under this Covenant 
shall be sent or directed to: 
 
[Name_______] 
[Title ________] 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
4300 Cherry Creek Drive South 
Denver, Colorado 80246-1530 
 
President 
Colorado School of Mines 
1500 Illinois Street 
Golden, Colorado 80401 
 
 
 

[SIGNATURES APPEAR ON FOLLOWING PAGES.] 
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The State of Colorado has caused this instrument to be executed this ________ 
day of ________________, 200____. 
 
State of Colorado 
 
By: _________________________ 
 
Title:________________________ 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by ________________as _____________ on behalf of the 
State. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
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Accepted by the Colorado Department of Public Health and Environment this 
_____ day of _________________, ______. 
 
 
By: _________________________ 
 
Title:________________________ 
 

 
STATE OF __________________________ ) 
       ) ss: 
COUNTY OF ________________________) 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by _________________as______________ on behalf of the 
Colorado Department of Public Health and Environment. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
 



This property is subject to an Environmental Covenant held by 
the Colorado Department of Public Health and Environment 

pursuant to 25-15-321, C.R.S. 
 

ENVIRONMENTAL COVENANT- NO RESIDENTIAL USE 
 
 By this deed, the City of Golden (the “City”) grants an Environmental 
Covenant (“Covenant”) this ____ day of _____, 2008 (the “Effective Date”), to 
the Colorado Department of Public Health and Environment (the “Department”) 
pursuant to C.R.S. § 25-15-321 of the Colorado Hazardous Waste Act, C.R.S. §§ 
25-15-101, et seq.  The Department’s address is 4300 Cherry Creek Drive South, 
Denver, Colorado 80246-1530. 
 

WHEREAS, the City is the owner of a certain parcel of property which is 
more particularly described in Exhibit A attached hereto (the “Golden  
Parcel”);  
 
 WHEREAS, the State of Colorado acting by and through the Board of 
Trustees of the Colorado School of Mines (the “State”) is the owner of a certain 
parcel of property more particularly described in Exhibit B attached hereto (the 
“State Parcel”);  
 

WHEREAS, a parcel of property located partially on the State Parcel and 
partially on the Golden Parcel which is more particularly described in Exhibit C 
attached hereto (the “CSMRI Site”), was used for, among other things,  mining 
and metallurgical research for approximately 70 years, and as a result, the soil at 
the CSMRI Site has an elevated concentration of radium 226 (Ra-226), and some 
geologic formations at the CSMRI Site have unusually high background 
concentrations of Ra-226;  

 
WHEREAS, the relative locations of the State Parcel, the Golden Parcel, 

and the CSMRI Site are indicated in Exhibit D; 
 
 WHEREAS, pursuant to the 2007 Revised Remedial Investigation and 
Feasibility Study for the CSMRI Site (the “2007 Revised RI/FS”) and the 2007 
Record of Decision for the CSMRI Site, the CSMRI Site was the subject of 
remedial action pursuant to the Comprehensive Environmental Response, 
Compensation and Liability Act, 42 U.S.C. §§ 9601, et seq. (“CERCLA”) and 
the Applicable or Relevant and Appropriate Requirements (the “ARARs”) as 
identified in the 2007 Revised RI/FS, including the radiation control regulations;   
 
 WHEREAS, the City, to ensure protection of human health and the 
environment, desires to subject the Golden Parcel to the restrictions described in 
this Covenant; 
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 WHEREAS, the purpose of this Covenant is to ensure protection of human 
health and the environment by (1) requiring that no residential structures be 
located on the Golden Parcel in order to protect persons from radon emanation 
resulting from Ra-226 soil concentrations, (2) requiring that no commercial or 
industrial structure may be located on the Golden Parcel without a proper radon 
mitigation system, and (3) prohibiting any beneficial uses of the ground water 
under the Golden Parcel; and 
 
 WHEREAS, the City desires to subject the Golden Parcel to certain 
covenants and restrictions as provided in Article 15 of Title 25 of Colorado 
Revised Statutes, which covenants and restrictions shall burden the Golden Parcel 
and bind the City, its heirs, successors, assigns, and any grantees of the Golden 
Parcel, their heirs, successors, assigns and grantees, and any users of the Golden 
Parcel, for the benefit of the Department.   
 
 NOW, THEREFORE, the City hereby grants this Environmental Covenant 
to the Department and declares that the Golden Parcel shall hereinafter be bound 
by, held, sold, and conveyed subject to the following requirements set forth in 
paragraph 1 below, which shall run with the Golden Parcel in perpetuity and be 
binding on the City and all parties having any right, title or interest in the Golden 
Parcel, or any part thereof, their heirs, successors and assigns, and any persons 
using the land, as described herein.  The City, its successors, and all parties 
having any right, title or interest in the Golden Parcel, or any part thereof, their 
heirs, successors and assigns shall hereinafter be referred to in this covenant as 
“OWNER”. 
 
1) Use restrictions. 
 

A. No residential structure, or similar structure requiring similar 
restrictions, such as medical facilities or child day care centers,  
may be located on the Golden Parcel.   

B. No commercial structure or industrial structure may be constructed 
on the Golden Parcel without a properly designed radon mitigation 
system as approved by the Department. 

C. No beneficial uses of the ground water under the Golden Parcel.  
D. A Soils Management Plan shall be required for soils that may be 

disturbed in the future by construction activities or similar soil 
disturbing activities.    

 
2) Purpose of this Covenant.  The purpose of this Covenant is to ensure 
protection of human health and the environment by minimizing the potential for 
exposure to radon from radium 226 that remains in the soil on the Golden Parcel 
and to any uranium that remains in the ground water under the Golden Parcel.  
The Covenant will accomplish this by prohibiting any residential structure be 
located on the Golden Parcel and by prohibiting any beneficial use of the ground 
water under the Golden Parcel.  The Covenant will also accomplish this by 

83751_4.doc 

2 



requiring any new commercial or industrial structure on the Golden Parcel to be 
equipped with an appropriate radon mitigation system that provides for radon 
venting, and by creating a review and approval process to ensure that such radon 
mitigation system is designed with appropriate precautions to avoid or eliminate  
potential exposures to radon.   
 
 
3) Modifications.  This Covenant runs with the land and is perpetual, unless 
modified or terminated pursuant to this paragraph.  OWNER or it successors and 
assigns may request that the Department approve a modification or termination of 
the Covenant.  The request shall contain information showing that the proposed 
modification or termination shall, if implemented, ensure protection of human 
health and environment.  The Department shall review any submitted information, 
and may request additional information. If the Department determines that the 
proposal to modify or terminate the Covenant will ensure protection of human 
health and environment, it shall approve the proposal.  No modification or 
termination of this Covenant shall be effective unless the Department has 
approved such modification or termination in writing.   Information to support a 
request for modification may include one or more of the following: 
 

a) a proposal to perform additional remedial work; 
b) new information regarding the risks posed by the residual 

contamination; 
c) information demonstrating that residual contamination has 

diminished; 
d) information demonstrating that the proposed modification would 

not adversely impact the remedy and is protective of human health 
and the environment; and 

e) other appropriate supporting information. 
 
4) Conveyances.  This Covenant is intended to run with the land and shall be 
binding upon all subsequent owners of all or any part of the Golden Parcel.  
OWNER shall notify the Department at least fifteen (15) days in advance of any 
proposed grant, transfer or conveyance of any interest in any or all of the Golden 
Parcel.   
 
5) Notice to Transferees.  OWNER agrees to incorporate either in full or by 
reference the restrictions in this Covenant in any leases, licenses, transfers of any 
interest in the Golden Parcel, or other instruments granting a right to use the 
Golden Parcel. 
 
6) Notification for proposed construction and land use.  OWNER shall notify 
the Department simultaneously when submitting any application to a local 
government for building permit or change in land use. 
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7) Inspection.  The Department shall have the right of entry to the Golden 
Parcel at reasonable times with prior notice for the purpose of determining 
compliance with the terms of this Covenant.  Nothing in this Covenant shall 
impair any other authority the Department may otherwise have to enter and 
inspect on the Golden Parcel. 
 
8) No Liability.  The Department does not acquire any liability under State 
law by virtue of accepting this Covenant.   
 
9) Enforcement.  The Department may enforce the terms of this Covenant 
pursuant to C.R.S. § 25-15-322.  The Department may file suit in district court to 
enjoin actual or threatened violations of this Covenant. 
 
10) Owner’s Compliance Certification.  OWNER shall submit an annual form, 
detailing OWNER’s compliance, and any lack of compliance, with the terms of 
this Covenant.  Such form will be due to the Department forty-five (45) days after 
OWNER’s receipt of such form from the Department. 
 
11) Acknowledgment.  The City acknowledges that a portion of the State 
Parcel is subject to environmental covenants with terms and conditions similar to 
those contained in this Covenant.  Such covenants, entitled ENVIRONMENTAL 
COVENANT – NO RESIDENTIAL USE and entered into as of _________, 2008 
between the State and the Department are recorded in the office of the clerk and 
recorder of Jefferson County, Colorado. The City acknowledges that an additional 
portion of the State Parcel is subject to additional environmental covenants 
requiring a radon mitigation system in residential structures located on such 
parcel and prohibiting the beneficial use of ground water.  Such covenants, 
entitled ENVIRONMENTAL COVENANT – RESIDENTIAL RADON 
MITIGATION and entered into as of _____________, 2008 between the State 
and the Department is recorded in the office of the clerk and recorder of Jefferson 
County, Colorado.  Nothing contained herein shall subject any real property other 
than the Golden Parcel to the restrictions described in this Covenant. 
 
12) Notices.  Any document or communications required under this Covenant 
shall be sent or directed to: 
 
[Name_______] 
[Title ________] 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
4300 Cherry Creek Drive South 
Denver, Colorado 80246-1530 
 
Mayor 
City of Golden 
City Hall  
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10th and Washington 
Golden, Colorado [________________] 
 
 

[SIGNATURES APPEAR ON FOLLOWING PAGES.] 
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The City of Golden has caused this instrument to be executed this ________ day 
of ________________, 200____. 
 
City of Golden 
 
By: _________________________ 
 
Title:________________________ 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by ________________as _____________ on behalf of the 
City of Golden. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
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Accepted by the Colorado Department of Public Health and Environment this 
_____ day of _________________, ______. 
 
 
By: _________________________ 
 
Title:________________________ 
 

 
STATE OF __________________________ ) 
       ) ss: 
COUNTY OF ________________________) 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by _________________as______________ on behalf of the 
Colorado Department of Public Health and Environment. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
 
 



This property is subject to an Environmental Covenant held by 
the Colorado Department of Public Health and Environment 

pursuant to 25-15-321, C.R.S. 
 

ENVIRONMENTAL COVENANT – NO RESIDENTIAL USE 
 
 By this deed, the State of Colorado acting by and through the Board of 
Trustees of the Colorado School of Mines (the “State”) grants an Environmental 
Covenant (“Covenant”) this ____ day of _____, 2008 (the “Effective Date”), to 
the Colorado Department of Public Health and Environment (the “Department”) 
pursuant to C.R.S. § 25-15-321 of the Colorado Hazardous Waste Act, C.R.S. §§ 
25-15-101, et seq.  The Department’s address is 4300 Cherry Creek Drive South, 
Denver, Colorado 80246-1530. 
 
 WHEREAS, the State is the owner of a certain parcel of property which is 
more particularly described in Exhibit A attached hereto (the “State Parcel”);  
 
 WHEREAS, the City of Golden, Colorado (the “City”) is the owner of a 
certain parcel of property more particularly described in Exhibit B attached hereto 
(the “Golden Parcel”); 
 

WHEREAS, a parcel of property located partially on the State Parcel and 
partially on the Golden Parcel which is more particularly described in Exhibit C 
attached hereto (the “CSMRI Site”), was used for, among other things, mining 
and metallurgical research for approximately 70 years, and as a result, the soil at 
the CSMRI Site has an elevated concentration of radium 226 (Ra-226), and some 
geologic formations at the CSMRI Site have unusually high background 
concentrations of Ra-226;  

 
WHEREAS, the relative locations of the State Parcel, the Golden Parcel, 

and the CSMRI Site are indicated in Exhibit D; 
 
 WHEREAS, pursuant to the 2007 Revised Remedial Investigation and 
Feasibility Study for the CSMRI Site (the “2007 Revised RI/FS”) and the 2007 
Record of Decision for the CSMRI Site, the CSMRI Site was the subject of 
remedial action pursuant to the Comprehensive Environmental Response, 
Compensation and Liability Act, 42 U.S.C. §§ 9601, et seq. (“CERCLA”) and 
the Applicable or Relevant and Appropriate Requirements (the “ARARs”) as 
identified in the 2007 Revised RI/FS, including the radiation control regulations;   
 
 WHEREAS, that portion of the CSMRI Site, which is more particularly 
described in Exhibit E attached hereto and which is owned by the State as of the 
Effective Date as indicated by the documents recorded as of the Effective Date in 
the office of the clerk and recorder of Jefferson County, Colorado, shall be 
referred to herein as the “ Property”; 
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 WHEREAS, the State, to ensure protection of human health and the 
environment, desires to subject the  Property to the restrictions described in this 
Covenant; 
 
 WHEREAS, the purpose of this Covenant is to ensure protection of human 
health and the environment by (1) requiring that no residential structures be 
located on the  Property in order to protect persons from radon emanation 
resulting from Ra-226 soil concentrations, (2) requiring that no commercial or 
industrial structure may be located on the  Property without a proper radon 
mitigation system, and (3) prohibiting any beneficial uses of the ground water 
under the  Property; and 
 
 WHEREAS, the State desires to subject the  Property to certain covenants 
and restrictions as provided in Article 15 of Title 25 of Colorado Revised Statutes, 
which covenants and restrictions shall burden the  Property and bind the State, its 
heirs, successors, assigns, and any grantees of the  Property, their heirs, 
successors, assigns and grantees, and any users of the  Property, for the benefit of 
the Department.   
 
 NOW, THEREFORE, the State hereby grants this Environmental 
Covenant to the Department and declares that the  Property shall hereinafter be 
bound by, held, sold, and conveyed subject to the following requirements set forth 
in paragraph 1 below, which shall run with the  Property in perpetuity and be 
binding on the State and all parties having any right, title or interest in the  
Property, or any part thereof, their heirs, successors and assigns, and any persons 
using the land, as described herein.  The State, its successors, and all parties 
having any right, title or interest in the  Property, or any part thereof, their heirs, 
successors and assigns shall hereinafter be referred to in this covenant as 
“OWNER”. 
 
1) Use restrictions. 
 

A. No residential structure, or similar structure requiring similar 
restrictions, such as medical facilities or child day care centers, 
may be located on the  Property.   

B. No commercial structure or industrial structure may be constructed 
on the  Property without a properly designed radon mitigation 
system as approved by the Department. 

C. No beneficial uses of the ground water under the  Property.  
D. A Soils Management Plan shall be required for soils that may be 

disturbed in the future by construction activities or similar soil 
disturbing activities.  

 
2) Purpose of this Covenant.  The purpose of this Covenant is to ensure 
protection of human health and the environment by minimizing the potential for 
exposure to radon from radium 226 that remains in the soil on the  Property and to 
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any uranium that remains in the ground water under the  Property.  The Covenant 
will accomplish this by prohibiting any residential structure be located on the  
Property and by prohibiting any beneficial use of the ground water under the  
Property.  The Covenant will also accomplish this by requiring any new 
commercial or industrial structure on the  Property to be equipped with an 
appropriate radon mitigation system that provides for radon venting, and by 
creating a review and approval process to ensure that any such radon mitigation 
system is designed with appropriate precautions to avoid or eliminate potential 
exposures to radon.   
 
3) Modifications.  This Covenant runs with the land and is perpetual, unless 
modified or terminated pursuant to this paragraph.  OWNER or it successors and 
assigns may request that the Department approve a modification or termination of 
the Covenant.  The request shall contain information showing that the proposed 
modification or termination shall, if implemented, ensure protection of human 
health and environment.  The Department shall review any submitted information, 
and may request additional information. If the Department determines that the 
proposal to modify or terminate the Covenant will ensure protection of human 
health and environment, it shall approve the proposal.  No modification or 
termination of this Covenant shall be effective unless the Department has 
approved such modification or termination in writing.   Information to support a 
request for modification may include one or more of the following: 
 

a) a proposal to perform additional remedial work; 
b) new information regarding the risks posed by the residual 

contamination; 
c) information demonstrating that residual contamination has 

diminished; 
d) information demonstrating that the proposed modification would 

not adversely impact the remedy and is protective of human health 
and the environment; and 

e) other appropriate supporting information. 
 
4) Conveyances.  This Covenant is intended to run with the land and shall be 
binding upon all subsequent owners of all or any part of the  Property.  OWNER 
shall notify the Department at least fifteen (15) days in advance of any proposed 
grant, transfer or conveyance of any interest in any or all of the  Property.   
 
5) Notice to Transferees.  OWNER agrees to incorporate either in full or by 
reference the restrictions in this Covenant in any leases, licenses, transfers of any 
interest in the  Property, or other instruments granting a right to use the  Property. 
 
6) Notification for proposed construction and land use.  OWNER shall notify 
the Department simultaneously when submitting any application to a local 
government for building permit or change in land use. 
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7) Inspection.  The Department shall have the right of entry to the  Property 
at reasonable times with prior notice for the purpose of determining compliance 
with the terms of this Covenant.  Nothing in this Covenant shall impair any other 
authority the Department may otherwise have to enter and inspect on the  
Property. 
 
8) No Liability.  The Department does not acquire any liability under State 
law by virtue of accepting this Covenant.   
 
9) Enforcement.  The Department may enforce the terms of this Covenant 
pursuant to C.R.S. § 25-15-322.  The Department may file suit in district court to 
enjoin actual or threatened violations of this Covenant. 
 
10) Owner’s Compliance Certification.  OWNER shall submit an annual form, 
detailing OWNER’s compliance, and any lack of compliance, with the terms of 
this Covenant.  Such form will be due to the Department forty-five (45) days after 
OWNER’s receipt of such form from the Department. 
 
11) Acknowledgment.  The State acknowledges that an additional portion of 
the State Parcel is subject to another environmental covenant requiring residential 
structures to be equipped with radon mitigation systems and prohibiting the 
beneficial use of ground water.  Such covenant, entitled ENVIRONMENTAL 
COVENANT – RESIDENTIAL RADON MITIGATION (the “Additional 
Covenant”) and entered into as of _____________, 2008 between the State and 
the Department is recorded in the office of the clerk and recorder of Jefferson 
County, Colorado.  The State acknowledges that the Golden Parcel is subject to 
environmental covenants with terms and conditions similar to those contained in 
the Additional Covenant.  Such covenants, entitled ENVIRONMENTAL 
COVENANT – NO RESIDENTIAL USE and entered into as of _________, 2008 
between the City of Golden and the Department are recorded in the office of the 
clerk and recorder of Jefferson County, Colorado.   Nothing contained herein shall 
subject any real property other than that owned by the State as of the Effective 
Date to the restrictions described in this Covenant. 
 
12) Notices.  Any document or communications required under this Covenant 
shall be sent or directed to: 
 
[Name_______] 
[Title ________] 
Hazardous Materials and Waste Management Division 
Colorado Department of Public Health and Environment 
4300 Cherry Creek Drive South 
Denver, Colorado 80246-1530 
 
and 
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President 
Colorado School of Mines 
1500 Illinois Street 
Golden, Colorado 80401 
 
 
 

[SIGNATURES APPEAR ON FOLLOWING PAGES.] 
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The State of Colorado has caused this instrument to be executed this ________ 
day of ________________, 200____. 
 
State of Colorado 
 
By: _________________________ 
 
Title:________________________ 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by ________________as _____________ on behalf of the 
State. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
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Accepted by the Colorado Department of Public Health and Environment this 
_____ day of _________________, ______. 
 
 
By: _________________________ 
 
Title:________________________ 
 

 
STATE OF __________________________ ) 
       ) ss: 
COUNTY OF ________________________) 
 
 
 The foregoing instrument was acknowledged before me this ____ day of 
___________, _____ by _________________as______________ on behalf of the 
Colorado Department of Public Health and Environment. 
 
     _______________________________  
     Notary Public 
 
     _______________________________ 
     Address 
  
     ________________________________ 
 
My commission expires: __________________________________________ 
 
 



 

Appendix N 
 

MicroShield 7.0 Evaluation 
 
 

 



Evaluation of Doses for Recreational Use of a Walking/Bike Path Along Clear Creek on the 
Lower Terrace (Flood Plain and Former Pond Areas),  
Colorado School of Mines Remedial Investigation Site,  

Golden, Colorado 
 

Introduction 
The dose to recreationists (bikers, walkers, sightseers) exposed to Ra-226 contamination at the 
Colorado School of Mines Research Institution (CSMRI) remedial investigation site was 
evaluated using MicroShield 7.0 computer code (Grove Software 2005).  MicroShield is a 
comprehensive photon/gamma ray shielding and dose assessment program that is widely used for 
designing shields, estimating source strength from radiation measurements, minimizing exposure 
to people, and teaching shielding principles. MicroShield is useful to health physicists, waste 
managers, design engineers, and radiological engineers and only requires a basic knowledge of 
radiation and shielding principles.  MicroShield is fully interactive and incorporates extensive 
input error checking.  
 
MicroShield was used for external gamma dose calculations because it more accurately models 
the geometry of the source, shields, and location of the receptor and uses an extensive library of 
data (radionuclides, attenuation, buildup, and dose conversion) which reflect standard data from 
the Radiation Safety Information Computational Center (RSICC), American Nuclear Society 
(ANS), and International Commission on Radiological Protection (ICRP). 
 
Assumptions 
The following conservative assumptions were used: 
 

• The recreationist spends 1 hour/day for 365 days or 365 hours/yr at the site. 
• Doses at each location are calculated assuming that the entire hour is spent on that 

contamination point. 
• The area exposed to Ra-226 contamination is 2 ft by 450 ft.  This is a path through the 

zones of highest contamination. 
• The specified radionuclide concentration (Table 1) occurs in a 1 meter radius and a 1.2 

meter depth (geometry is cylindrical) at each sampling point within this area. 
• The maximum exposure occurs 1 m (3 ft) above the surface. 
• There is no shielding. 
• Buildup is included in the calculations. 
• External exposure is the only pathway considered.  There is no dose from ingestion or 

inhalation. 
• Ra-226 is in equilibrium with its daughters.  Bi-214 is the major dose contributor under 

this assumption.  If the assumption is made that Ra-226 is not in equilibrium, then doses 
would be reduced by more than 99%. 

 
Figure 1 shows the Sample ID point distribution for non-excavated confirmation samples and 
non-excavated surface and subsurface samples.  The measured concentrations of Ra-226 (pCi/g) 
were entered into MicroShield to calculate the dose at each sampling location. Each sample 
location was buffered by a 1 m (3 ft) radius to represent the area assumption selected for the 
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MicroShield dose calculations.  The buffered points are color-coded to match the dose categories 
displayed in the Figure 2 map legend.    
 
Each sampling point dose (mrem/yr) was used to interpolate a continuous surface through this 
site.  The Inverse Distance Weighted (IDW) function was used within the ArcGIS 9.2 Spatial 
Analyst extension to perform the interpolation, and color-coded (Shepard 1968; Watson and 
Philip 1985). The result is a grayscale image where brighter regions represent higher doses and 
darker regions represent lower doses.  The interpolated surface provides a visualization tool to 
understand how the dose varies spatially across the entire site. 
 
A two-foot wide path through this site was manually digitized attempting to represent a worst-
case scenario where the path is intentionally routed through regions of greatest dose (Figure 2, 
Table 1).  The total length of the potential path is 450 ft.  Assuming a slow travel speed of 2 mph 
(i.e., comparable to someone walking the trail), an individual would realistically be exposed to 
these doses for a total of 2.5 minutes (versus the one hour assumed for these calculations) to 
complete the trail.  
 

Table 1 
Doses corresponding to each sample at the  

CSMRI Site along Clear Creek 
Sample # Ra-226 pCi/g MicroShield Dose (mrem/yr) 

1207 3.81 1.78E-03 
1208 4.00 1.86E-03 
1209 4.19 1.95E-03 
1215 2.93 1.37E-03 
1219 3.23 1.50E-03 
1221 3.73 1.74E-03 
1224 2.36 1.10E-03 
1225 3.68 1.71E-03 
1236 5.34 2.49E-03 
1239 3.82 1.78E-03 
1241 3.14 1.46E-03 
1244 2.89 1.35E-03 
1255 5.63 2.62E-03 
1258 5.63 2.62E-03 
1259 4.19 1.95E-03 
1261 10.91 5.08E-03 
1262 3.03 1.41E-03 
1263 3.74 1.74E-03 
1268 3.70 1.72E-03 
1269 3.36 1.57E-03 
1272 3.49 1.63E-03 
1275 4.42 2.06E-03 
1276 7.61 3.55E-03 
1277 6.90 3.22E-03 
1278 4.33 2.02E-03 
1314 5.55 2.59E-03 
1315 6.62 3.09E-03 
1316 6.27 2.92E-03 
1317 4.17 1.94E-03 
1318 4.58 2.14E-03 
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Table 1 
Doses corresponding to each sample at the  

CSMRI Site along Clear Creek 
Sample # Ra-226 pCi/g MicroShield Dose (mrem/yr) 

1319 4.79 2.23E-03 
1320 24.25 1.13E-02 
1321 6.75 3.14E-03 
1322 8.22 3.83E-03 
1323 5.79 2.70E-03 
1324 4.71 2.19E-03 
1325 3.99 1.86E-03 
1326 4.57 2.13E-03 
1327 6.06 2.82E-03 
1328 6.22 2.90E-03 
1329 8.63 4.02E-03 
1330 7.32 3.41E-03 
1331 2.64 1.23E-03 
Mean 5.38 2.51E-03 

Median 4.42 2.06E-03 
Maximum 24.25 1.13E-02 
Minimum 2.36 1.10E-03 

 
Conclusions 
It is reasonable to conclude that the actual doses are below those calculated with MicroShield 
due to shielding from soil and vegetation as well as any improvements or covering on the path; 
distance from the contaminated points; and actual time spent in the area. 
 
Based on these calculations and the conservative nature of the assumptions, it can reasonably be 
concluded that recreationists using the CSMRI recreational path are not subjected to radiological 
dose above the regulatory limits of 25 mrem/yr. It can also be reasonably concluded that a 
realistic dose scenario would produce doses much lower (by as much as 96%) than those 
determined through the conservative calculations.  The maximum dose to which a recreationist 
would be subjected (1.13E-2 mrem/yr) is 0.05 percent of the 25 mrem/yr regulatory limit (Table 
1).  The doses from Old Pond area (Table 2) (using the same assumptions) are well below the 
regulatory limits as well. 
 

Table 2 
Doses from Ra-226 left in Old Pond area 

Soils Ra-226 
Concentrations (pCi/g) 

Soil Depth 
 (inches) 

Dose  
(mrem/yr) 

5 6 1.52E-03 
15 6-60 7.85E-03 

 TOTAL 9.37E-03 
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