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1. Introduction 
This report presents the first quarter (January, February, March) 2011 results for groundwater 
and surface water monitoring conducted at the Colorado School of Mines Research Institute 
(CSMRI) site in Golden, Colorado.  The monitoring was conducted by the S.M. Stoller 
Corporation (Stoller).  This is the first quarter sampling event to include new and replacement 
monitor wells resulting from the flood plain characterization effort. 

2. Sampling and Analysis 
Stoller obtained quarterly samples of groundwater and surface water on March 1, 2, 3, and 4, 
2011, from 14 groundwater monitor wells and three Clear Creek surface water sample locations.  
Water levels in all monitor wells were obtained on February 28, 2011.  Groundwater quality 
samples were obtained on March 1(CSMRI-4, CSMRI-5, CSMRI-8B, CSMRI-9, CSMRI-10, 
CSMRI-12, and CSMRI-14); March 2 (CSMRI-1, CSMRI-6C, CSMRI-7C, CSMRI-11B, and 
CSMRI-13); and March 3 (CSMRI-1B and CSMRI-2).  Monitor wells CSMRI-1B, CSMRI-2, 
and CSMRI-6C required purging on February 28, 2011, and sample collection on subsequent 
visits over the following days to obtain sufficient sample volume. 
 
Clear Creek surface water samples were collected on March 2, 2011, from sample locations  
SW-1, SW-2, and SW-3.  All aqueous samples were placed on ice in coolers and couriered to 
ALS Laboratory Group in Fort Collins, Colorado or to TestAmerica, Inc. in Arvada, Colorado 
for analyses. 
 
Figure 1 presents the monitor well and Clear Creek surface water sample locations at the CSMRI 
site.  The figure also shows the groundwater potentiometric surface elevations posted adjacent to 
each monitor well location.  Potentiometric surface elevations are based on depth to groundwater 
relative to the surveyed top-of-casing and represent groundwater elevations as measured before 
purging.  Groundwater levels are measured at each well to the nearest 1/100th of a foot (0.01) 
prior to purging and sample collection.  The figure shows a northeasterly component of flow on 
the bench terrace area and then a northerly component of flow as groundwater flows over the 
bench terrace slope and into the flood plain area.  The figure suggests uniform flow occurring 
along the interface of surficial deposits and bedrock down the terrace slope; however, 
preferential pathways resulting from an uneven bedrock/alluvial interface are thought to exist. 
 
Figure 2 presents hydrographs of groundwater potentiometric elevations for monitor wells 
CSMRI-1, CSMRI-1B, CSMRI-4, CSMRI-5, CSMRI-6C, CSMRI-8 (abandoned October 2010), 
CSMRI-9, CSMRI-10, and CSMRI-11B.  Monitor wells CSMRI-7C, CSMRI-8B, CSMRI-12, 
CSMRI-13, and CSMRI-14, which were installed or deepened in January 2011 are also 
presented in Figure 2.  Gaps in the graph denote the intermittent presence of groundwater in the 
monitor wells because occasionally groundwater is below the bottom depth of a monitor well, 
even though the bottom of the screened interval is within the underlying bedrock.  Monitor wells 
included on Figure 2 are located within the CSMRI site proper and illustrate historical trends in 
the water table fluctuations throughout the site. 
 
Figure 3 is a hydrograph of monitor well CSMRI-2.  Monitor well CSMRI-2 is located near the 
southeast corner of the freshman parking lot on West Campus Drive and the former Welch Ditch.  
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CSMRI-2 is upgradient of the CSMRI site and historically has been used to provide background 
groundwater quality conditions.  Early potentiometric elevation data reflect the use of and 
leakage from the nearby irrigation ditch.  For example, this hydrograph shows a marked seasonal 
rise in the potentiometric surface during the summer months in 2005 and 2006.  In 2007, the 
Welch Ditch was diverted upstream of CSMRI and piped to Washington Avenue in Golden and 
then to down-ditch users.  From late 2006 through late 2007, the water level remained elevated.  
From early 2008 through early 2011, water levels reflect a more typical seasonal pattern of 
fluctuation. 
 
At the request of Colorado Department of Public Health and Environment (CDPHE), Hazardous 
Materials and Waste Management Division, Radiation Program, two offset monitor wells were 
installed in the flood plain area in January 2011 to assess groundwater quality and potentiometric 
elevations in both the alluvial aquifer and the underlying Foxhills Sandstone Formation.  Monitor 
well CSMRI-13 was installed to a depth of 8.25 feet below ground surface (bgs) and is screened 
through the saturated portion of the alluvial aquifer.  Monitor well CSMRI-14 was installed in 
the Foxhills Sandstone Formation to a depth of 55.8 feet bgs and screened from the interval of 
45.3 feet to 55.3 feet bgs.  After the monitor wells were installed, the adjacent ground surface 
and top-of-casing elevations were surveyed to an accuracy of 0.01 feet.  The two monitor wells 
are separated horizontally by 3.88 feet.  Both monitor wells were fully developed after 
installation.  
 
On February 28, 2011, the depth to water in both monitor wells was measured and recorded.  The 
potentiometric surface of monitor well CSMRI-13 (alluvial) is measured at 5,673.06 feet and at 
monitor well CSMRI-14 (bedrock) at 5,673.83 feet.  The 0.77 feet elevation difference between 
the potentiometric surfaces of the two monitor wells indicates an upwelling of the underlying 
Foxhills Sandstone Formation into the overlying alluvial formation. 
 
In January 2011, existing monitor wells CSMRI-6C and CSMRI-11B were overdrilled and 
extended to the top of bedrock.  The screened interval now incorporates the full saturated section 
at each well. 
 
Replacement monitor wells CSMRI-7C and CSMRI-8B were installed at approximately the 
same location as their predecessors, CSMRI-7B and CSMRI-8, respectively.  These two wells 
were abandoned in early October 2010 before source characterization field activities began.  
Monitor well CSMRI-7C is located within 1.5 feet of its former location, and CSMRI-8B is 
within 5.9 feet of its former location. 
 
Monitor well CSMRI-12 is a new flood plain alluvial well and was installed at the request of 
CDPHE.  The well is located approximately midway between wells CSMRI-8B to the west and 
CSMRI-13/CSMRI-14 to the east.  This monitor well was installed to a depth of 8.7 feet and is 
screened through the saturated portion of the alluvial aquifer (Figure 1). 
 
As-built construction diagrams and lithology logs of replacement monitor wells CSMRI-6C, 
CSMRI-7B, CSMRI-8B, and CSMRI-11B and new flood plain monitor wellsCSMRI-12, 
CSMRI-13, and CSMRI-14 are presented in Appendix A. 
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2.1 Groundwater Sampling 
Water quality samples were collected following the procedure outlined in Appendix B, 
Groundwater Sampling Procedures.   
 
Sample collection forms provide a record of water quality parameters as measured in the field as 
groundwater was purged from monitor wells.  These forms also indicate the volume of water 
removed from each well.  Sample collection forms are provided as Appendix C.  After three 
casing volumes of groundwater were purged, water samples were filtered through a 0.45 micron 
(µ) filter, collected in laboratory-provided containers, and preserved in the field as appropriate 
for the analyte and analytical method.  Monitor wells CSMRI-1B, CSMRI-2, CSMRI-6C, 
CSMRI-7C, CSMRI-13, and CSMRI-14 were purged dry and sampled on subsequent days.  
Monitor wells CSMRI-1B and CSMRI-7C required multiple visits to collect sufficient sample 
volume because they recharge so slowly. 

2.2 Surface Water Sampling 
Surface water samples from Clear Creek were collected on March 2, 2011, from three locations: 
one upstream of the site (SW-1), one downstream of the site (SW-2), and one between the 
upstream and downstream sample locations and due north of monitor well CSMRI-8B (SW-3) 
(see Figure 1).  All surface water samples were collected following the procedure outlined in 
Appendix D, Surface Water Sampling Procedures.  Surface water samples are filtered through a 
0.45µ filter, collected in laboratory-provided containers, and preserved in the field as appropriate 
for the analyte and analytical method. 
 
Discharge data of stream flow for Clear Creek, as measured by the U.S. Geological Survey 
(USGS), at Clear Creek gauging station #06719505 (USGS Surface Water Online Database) for 
the quarter from January 1, 2011 through March 31, 2011 are presented as Figure 4.  Tabulated 
stream flow data for the time period of March 1 through 3, 2011when the groundwater samples 
were collected indicate the mean stream flow measurements at the gauging station range from 41 
to 44 cubic feet per second. 

2.3 Analyses 
All samples collected were analyzed using a Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA)-certified analytical laboratory.  The results received 
from the laboratory were evaluated based on the following parameters: 
 

• Data completeness 
• Holding times and preservation 
• Instrument initial calibrations 
• Instrument performance checks 
• Preparation blanks 
• Duplicate sample results 
• Laboratory control sample results 
• Compound quantization and reporting limits (full validation only) 
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As a quality control/quality assurance (QA/QC) check, an equipment blank sample was collected 
in the field by pouring distilled water through a sample bailer.  The equipment blank sample was 
submitted for the identical analytical parameters as the groundwater and surface water samples.   
 
The laboratory control sample (LCS) and LCS duplicate in the radium-228 analyses for monitor 
well samples CSMRI-1, CSMRI-2, CSMRI-4, CSMRI-6C, CSMRI-7C, CSMRI-8B, and 
CSMRI-12 had an elevated radiometric recovery and an elevated alpha activity.  This can 
potentially bias the results high; therefore, the analytical laboratory re-analyzed the samples that 
had activity above the achieved minimum detection concentration and met the control limits 
criteria for these samples.  The laboratory did not re-prepare and reanalyze the remaining eleven 
samples which were non-detects and are qualified as Estimated (UJ).  
 
Data validation results are presented in Appendix E. 

2.3.1 Groundwater Quality Analyses 
Summaries of groundwater results for radioisotopes, metals, and inorganic anions and cations are 
presented in Table 2-1, Table 2-2, and Table 2-3, respectively.  Groundwater parameters are 
reported as picoCuries per liter (pCi/L) for radioisotopes, micrograms per liter (μg/L) for 
uranium and iron, and milligrams per liter (mg/L) for all other metals and ions. 
 
ALS Laboratory Group in Fort Collins, Colorado and TestAmerica Laboratories, Inc. in Arvada, 
Colorado conducted laboratory analyses of the aqueous samples.  Analytical samples submitted 
to ALS were analyzed for radium isotopes (Ra-226 and Ra-228), uranium (U), calcium (Ca), 
potassium (K), magnesium (Mg), sodium (Na), chloride (Cl), sulfate (SO4), carbonate as calcium 
carbonate (CO3), bicarbonate as calcium carbonate (HCO3), alkalinity, and dissolved organic 
carbon (DOC).  Pursuant to an agreement with CDPHE, a broader analyte list of metals is 
sampled only during the second quarter (June) sampling event.  Specifically, these metals 
include silver (Ag), arsenic (As), barium (Ba), cadmium (Cd), chromium (Cr), mercury (Hg), 
and vanadium (V). 
 
Analytical samples submitted to TestAmerica were tested for the presence of nitrate (NO3), 
nitrite (NO2), ferrous (Fe2) iron, ferric (Fe3) iron, sulfide, and total dissolved solids (TDS). 
TestAmerica conducts the short holding time analyses because of their close proximity to the 
CSMRI site. 
 
Groundwater samples were measured onsite for temperature, pH, specific conductance, 
oxidation-reduction potential (ORP), and turbidity as nephlometer turbidity units (NTU) during 
the purging and sampling process using a Horiba U-22 multi-probe.  Dissolved oxygen (DO) was 
not measured during sampling for this quarterly event due to an inoperable probe.  Monitor well 
parameter measurements of groundwater and purge volumes are presented on the sample 
collection forms in Appendix C. 
 
Analytical data from ALS and TestAmerica were transmitted as an electronic data deliverable 
(EDD) and are included in Appendix F on a compact disk.  Data are formatted as a series of 
Excel spreadsheets.  Appendix G presents copies of the chain-of-custody for the CSMRI 
samples. 
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2.3.2 Surface Water Analyses 
Clear Creek surface water results for radioisotopes, metals, and inorganic anions and cations are 
presented in Table 2-4, Table 2-5, and Table 2-6, respectively.  Surface water parameters are 
reported as pCi/L for radioisotopes, µg/L for uranium and iron, and mg/L for all other metals and 
ions.  Surface water samples were measured onsite for temperature, pH, specific conductance, 
ORP, and NTU as the sampling was conducted.  Onsite parameter measurements are presented 
on the sample collection forms in Appendix B. 

2.4 Health and Safety Program 
Stoller implements a program to protect the health and safety of field personnel during the 
environmental monitoring at the CSMRI site.  This program has been developed in accordance 
with requirements of 29 Code of Federal Regulations (CFR) 1910.120. 

3. Results 
Groundwater analytical results for samples collected from the CSMRI site during the first quarter 
2011 for radioisotopes, metals, and anions and cations are summarized on Table 2-1, Table 2-2, 
and Table 2-3, respectively.  Surface water analytical results for samples collected from the 
CSMRI site during the first quarter 2011 for radioisotopes, metals, and anions and cations are 
summarized on Table 2-4, Table 2-5, and Table 2-6, respectively.  Table 2-7 presents historical 
data collected by previous consultants for select contaminants of potential concern in 
groundwater at the site.  The historical uranium data presented in Table 2-7 are presented in 
pCi/L as “activity,” more recent (2005 through 2010) analytical data are presented in µg/L as 
“mass concentration.”  The December 7, 2000, Federal Register discusses the final uranium 
maximum contaminant level (MCL) and presents a conversion factor of a geometric average 
mass: activity ratio of 0.9 pCi/g for values near the National Primary Drinking Water Standards 
MCL, based on data from the National Inorganics and Radionuclides Survey.  
 
Tables H-1 and H-2 in Appendix H present the quarterly historical groundwater radioisotopic 
and metals sample results, respectively, collected by Stoller since February 2005.  Tables H-3 
and H-4 in Appendix H present the quarterly historical Clear Creek surface water radioisotopic 
and metals sample results, respectively, collected by Stoller since February 2005. 

3.1 Groundwater Conditions 
Groundwater monitor wells are strategically located in areas likely to detect impacts, if any, to 
groundwater emanating from the site and at locations that represent background water quality.  
Monitor wells CSMRI-4 and CSMRI-5 are downgradient of the site in the Clear Creek flood 
plain.  Well CSMRI-1 is located along Clear Creek upstream of the site, and well CSMRI-2 is 
located offsite in the southeast corner of the freshman parking lot on West Campus Drive.  Both 
monitor wells CSMRI-1 and CSMRI-2 are upgradient of the site. 
 
In February 2007, seven new groundwater monitor wells were installed to assess the 
effectiveness of the source removal excavation 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 
bench terrace and encircle the CSMRI site. 
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In July 2008, two monitor wells (CSMRI-6B and CSMRI-11) were abandoned because of 
construction activities at the CSMRI site.  These two wells were replaced in December 2008 as 
CSMRI-6C and CSMRI-11B, respectively. 
 
In January 2011, monitor wells CSMRI-6C and CSMRI-11B were overdrilled and lengthened so 
that the screened interval extended though the full length of the saturated section above bedrock.  
Monitor wells CSMRI-7C and CSMRI-8B were drilled near their former locations after source 
characterization field work was completed.  Monitor wells CSMRI-12, CSMRI-13, and  
CSMRI-14 were installed in the flood plain. 

3.2 Groundwater Quality 
Groundwater samples were collected from 14 monitor wells and tested for the presence of metals 
and radioisotopes as identified in Section 2.3.1. 
 
Uranium was detected in samples from monitor wells CSMRI-4 (68 µg/L), CSMRI-8B (310 
µg/L), CSMRI-9 (43 µg/L), CSMRI-12 (320 µg/L), and CSMRI-13 (42 µg/L), all at 
concentrations exceeding the State of Colorado groundwater standard of 30 µg/L.  Uranium was 
also detected in samples from the remaining nine groundwater monitor wells but at 
concentrations below the groundwater standard. 
 
Groundwater from monitor well CSMRI-4 historically has had elevated concentrations of 
uranium.  Values had been declining since 1991 until the last several quarterly sampling events 
as depicted on Figure 5.  Historically, the concentration of uranium in this monitor well spiked 
once in 1999 and again in 2003.  The spike in the uranium concentration in 2003 was attributed 
to precipitation effects and removal of asphalt and concrete as discussed in Section 4.2.2 of the 
New Horizons RI/FS (New Horizons 2004).  The recent (2009) rise in the uranium concentration 
in this monitor well appears to be attributed to stormwater discharge from the new Colorado 
School of Mines (CSM) artificial turf soccer field subdrains.  Precipitation collected in the 
subdrains, discharged near the northern edge of the bench terrace, and flowed down a riprap-
embedded concrete rundown onto the flood plain.  During the process, the discharge water 
became oxygenated and was introduced into the poorly oxygenized environment of the flood 
plain area.  Uranium present in the saturated sediments of the flood plain was mobilized by the 
oxygenated discharge water and flowed toward monitor well CSMRI-4.  In early 2010, the 
soccer field discharge pipe was relocated to the east.  Recent analytical data suggest the soccer 
field discharge pipe is no longer affecting this monitor well.  
 
Figure 6 presents the potentiometric surface elevation of groundwater in CSMRI-4 (left Y axis) 
and the uranium concentration (right Y axis) from 2005 through the first quarter 2011.  The 
figure indicates the uranium concentration in groundwater was fluctuating seasonally from 
slightly above to slightly below the groundwater standard of 30 µg/L through seven quarterly 
sampling events in 2005 and 2006.  An ice chest from the fourth quarter 2006 (December) 
sampling event was lost by the courier service resulting in a gap in the analytical data for 
CSMRI-4.  The concentration of uranium in groundwater at this well has increased since the 
2006 surface soil remediation activities and also spiked during the third quarter 2009 sampling 
event.  The uranium concentration in this monitor well has decreased significantly since the third 
quarter 2009 sampling event and reflects the relocation of the soccer field discharge pipe. 
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The uranium concentration in groundwater at monitor well CSMRI-9 (43 µg/L) increased 
slightly from the previous quarterly sample concentration (37 ug/L).  This monitor well is 
located at the top of the bench terrace that rises above the flood plain and is downgradient of the 
CSMRI site.  Figure 7 presents the historical water table elevations and uranium concentrations 
since January 2007.   
 
The initial groundwater sample from flood plain alluvial monitor well CSMRI-8B indicates 
uranium was detected at a concentration of 310 µg/L.  This monitor well is a replacement well 
for its predecessor, CSMRI-8, and is located within the area where source material was 
characterized in October and November 2011.  The current groundwater concentration for 
uranium at this time is significantly lower than the predecessor monitor well previous 
concentration of 520 µg/L. 
 
Monitor wells CSMRI-12 and CSMRI-13 are new alluvial flood plain monitor wells, and the 
initial groundwater sample results for groundwater from these wells indicate the presence of 
uranium at concentrations of 320 µg/L and 42 µg/L, respectively. 
 
Monitor well CSMRI-14 was installed in the flood plain area and is screened in the underlying 
Foxhills Sandstone Formation.  The initial groundwater sample from this well indicates the 
presence of uranium at a concentration of 1.6 µg/L.  This value is below the groundwater quality 
standard for uranium and is lower than the detected concentration of uranium in Clear Creek 
surface water samples SW-1, SW-2, and SW-3 at concentrations of 2 µg/L, 2.1 µg/L, and 2 µg/L, 
respectively. 
 
Quarterly sampling and analytical testing of water quality parameters will continue and trends in 
the concentration of uranium will continue to be monitored.  Future analytical data from the 
recently retro-fitted wells and newly installed monitor wells in the flood plain area will provide a 
better overall picture of groundwater conditions across the CSMRI site. 

3.2.1 Ionic Balance Evaluation 
The ionic testing and balancing is conducted to determine the different groundwater 
hydrochemical facies within the CSMRI site and to assess the analytical quality control 
procedures since the sum of the major anions should equal the sum of the major cations when the 
ionic concentrations are converted to millequivalents per liter. 
 
Groundwater and surface water samples were collected and tested for major anions and cations, 
DOC, and from the five flood plain monitor wells (CSMRI-4, CSMRI-5, CSMRI-8B, CSMRI-
12, and CSMRI-13) ferric/ferrous iron and sulfide.  Analytical results for these parameters are 
presented in Table 2-3 for groundwater and Table 2-6 for surface water. 
 
AqQA® geochemical software is used to calculate ionic balances of water samples and to present 
the graphical representation of anions and cations.  Ionic balance calculations for the anions and 
cations for the water samples generally range from 0.12 to 8.3 percent (monitor well CSMRI-2).  
Significant inequalities of the ionic balance between the anions and cations suggest internal 
analytical laboratory quality issues; it could also indicate that an ion is present in the water 
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sample and is not being analyzed.  Overall there is good agreement between the anion and cation 
data sets; indicating that the laboratory procedures are generally performed properly. 
 
Summary sheets from the AqQA® geochemical software for each of the water samples are 
presented in Appendix I.  Dominant water types identified at the CSMRI site include Ca-Cl 
(CSMRI-1, CSMRI-1B, CSMRI-4, CSMRI-5, CSMRI-6C, CSMRI-8B, CSMRI-9, CSMRI-10, 
CSMRI-11B, CSMRI-12, and CSMRI-13); Na-HCO3 (CSMRI-14); Ca-HCO3 (CSMRI-2 and 
CSMRI-7C); and Ca-SO4 (SW-1, SW-2, and SW-3 [all Clear Creek surface water samples]).   
 
A Piper quadrilateral diagram is included in Appendix I and illustrates the overall ionic 
properties for each water sample.  The cation triangle in the lower left of the figure indicates the 
cation composition of the water samples is generally similar as exhibited by the tight grouping of 
the plotted results.  The anion triangle in the lower right of the figure indicates the anion 
composition of the water samples is more diverse as exhibited by the dispersed nature of the 
plotted results. 

3.2.2 Comparison of Upgradient and Downgradient Groundwater Quality 
Monitor wells CSMRI-4 and CSMRI-5 are downgradient from the upper terrace portion of the 
site and are located on the Clear Creek flood plain.  Monitor well CSMRI-9 is located 
downgradient of the CSMRI site at the top of the bench terrace above the flood plain.  Monitor 
wells CSMRI-10 and CSMRI-11B are located at the eastern edge of the site, and monitor wells 
CSMRI-1B and CSMRI-6C are located upgradient of the site. 
 
Uranium was detected in groundwater from downgradient monitor wells CSMRI-4 (68 µg /L) 
and CSMRI-9 (43 µg/L), exceeding the groundwater standard of 30 µg/L.  Uranium was detected 
in groundwater from monitor well CSMRI-5 (13 µg/L). 
 
Uranium was detected in upgradient monitor wells CSMRI-6C (5.5µg/L) and CSMRI-11B 
(14µg/L).  Both of these wells were overdrilled and lengthened so that the well screen now spans 
the saturated section of the groundwater column.  The current concentration of uranium at 
CSMRI-6C is lower than previous samples from this well. 

3.2.3 Comparison with Previous Groundwater Quality Analyses 
Table 2-7 presents historical groundwater analytical results from past sampling events by other 
consultants dating back to 1991 for radioisotopes of concern.  The data indicate fluctuating 
activities of tested analytes, especially uranium, for monitor well CSMRI-4.  The table also 
presents historical analytical activity results for existing monitor wells CSMRI-1, CSMRI-2, and 
CSMRI-5 and monitor well CSMRI-3, which has since been closed by others. 
 
As additional data are collected for each sampling quarter and as trends become more defined, 
graphs of concentration versus time are produced and presented.  These analytical data are 
incorporated to show long-term trends and correlation between the detected concentration of 
uranium in groundwater, the fluctuating water table, and seasonal variability if present. 

3.2.4 Comparison with Colorado Groundwater Standards 
As discussed previously, the groundwater standard of 30 µg/L for uranium in groundwater was 
exceeded in monitor wells CSMRI-4 (68µg/L), CSMRI-8B (310 µg/L), CSMRI-9 (43 µg/L), 
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CSMRI-12 (320 µg/L), and CSMRI-13 (42 µg/L).  In January 2008, the CDPHE Water Quality 
Control Commission adopted the surface water quality standard of 30 µg/L as the groundwater 
quality standard in an effort to keep both uranium standards consistent. 
 
The historic spikes in the concentration of uranium in CSMRI-4, as shown on Figure 5, have 
been attributed to increased precipitation from December 2006 through February 2007 and 
surface soil remediation activities in the flood plain.  Recent analytical results indicate a 
decreasing concentration trend back to 2007 and 2008 levels prior to impacts from the soccer 
field storm drain.  
 
Monitor wells CSMRI-8B, CSMRI-12, and CSMRI-13 are new monitor wells and the first 
quarter 2011 sampling event is the initial sample from each well.  Sampling will continue at 
these wells to assess changes in water quality.  Groundwater from monitor well CSMRI-9, as 
shown on Figure 7, has exceeded the groundwater quality standard for uranium since a large 
spike was detected in the June 2009 sampling event.  The concentration of uranium has since 
gone down significantly but it still remains above the groundwater standard. 
 
No exceedances of the MCL for Ra-226 and Ra-228 were detected in any of the groundwater 
samples for this sampling quarter. 

3.3 Surface Water Quality 
Surface water samples are collected from three locations at the site.  Location SW-1 is located 
over 400 feet upstream from the CSMRI site, SW-2 is downstream from the site, and SW-3 is 
located adjacent to the Clear Creek bank in the vicinity of monitor well CSMRI-8B. 
 
All surface-water concentrations of tested parameters detected at the CSMRI site from stations 
SW-1, SW-2, and SW-3 are similar.  Water quality results for these locations are presented in 
Table 2-4 (radioisotopes), Table 2-5 (metals), and Table 2-6 (anions and cations).  Established 
surface water quality standards were not exceeded for any tested analyte at any surface water 
sample location. 

4. Future Activities 
Source material characterization and removal activities were conducted in October and 
November 2010.  The stockpiled soil has been characterized and disposal options for the soil are 
anticipated to be finalized by mid-2011. 
 
Installation of replacement and new groundwater monitor wells was conducted in early January 
2011.  The lengthened and new monitor wells have been integrated into the quarterly sampling 
schedule.  Sampling of these wells and of the existing wells will continue, and the analytical 
results will be assessed to determine trends in analyte concentrations in groundwater. 
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Table 2-1 
Summary of Radioisotopes in Groundwater 

Sample Station Sample Date 

Ra-226 
(pCi/L) 

Ra-228 
(pCi/L) 

Result Uncertainty Result Uncertainty 
CSMRI-1 3/2/11 0.41 ± 0.29 0.91 UJ ± 0.47 
CSMRI-1B 3/3/11 0.33 ± 0.29 0.73 ± 0.38
CSMRI-2 3/3/11 1.59 ± 0.59 1.45 ± 0.55
CSMRI-4 3/1/11 2.16 ± 0.7 1.23 ± 0.53
CSMRI-5 3/1/11 0.65 ± 0.4 0.16 UJ ± 0.3
CSMRI-6C 3/2/11 0.11 ± 0.22 1.22 ± 0.47
CSMRI-7C 3/2/11 0.31 ± 0.41 0.76 ± 0.55
CSMRI-8B 3/1/11 0.31 ± 0.29 0.88 ± 0.41
CSMRI-9 3/1/11 0.28 ± 0.28 0.51 UJ ± 0.34
CSMRI-10 3/1/11 0.22 ± 0.32 0.73 UJ ±0.39
CSMRI-11B 3/2/11 0.14 ± 0.14 0.91 UJ ± 0.43
CSMRI-12 3/1/11 0.69 ± 0.41 1.24 ± 0.5
CSNRI-13 3/2/11 0.69 ± 0.37 0.97 UJ ± 0.43
CSMRI-14 3/1/11 0.3 ± 0.3 0.67 UJ ± 0.39

MCL* Total Ra  = 5 
*Maximum Contaminant Level – National Primary Drinking Water Regulations 
pCi/L = picoCuries per Liter  
UJ = Estimated 
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Table 2-2 

Summary of Metals in Groundwater  
(Results in mg/L, Uranium results in μg/L) 

Sample  
Station 

Sample 
Date Ag As Ba Ca Cd Cr Hg K Mg Na Pb U V 

CSMRI-1 3/2/11 NT NT NT 53 NT NT NT 2.9 16 36 NT 2.6 NT 
CSMRI-1B 3/3/11 NT NT NT 130 NT NT NT 6.2 53 50 NT 9.4 NT 
CSMRI-2 3/3/11 NT NT NT 78 NT NT NT 5.7 35 20 NT 0.83 NT 
CSMRI-4 3/1/11 NT NT NT 140 NT NT NT 12 58 54 NT 68 NT 
CSMRI-5 3/1/11 NT NT NT 130 NT NT NT 4.5 47 55 NT 13 NT 
CSMRI-6C 3/2/11 NT NT NT 100 NT NT NT 7.8 39 66 NT 5.5 NT 
CSMRI-7C 3/2/11 NT NT NT 100 NT NT NT 9.7 46 60 NT 8.3 NT 
CSMRI-8B 3/1/11 NT NT NT 160 NT NT NT 17 58 60 NT 310 NT 
CSMRI-9 3/1/11 NT NT NT 130 NT NT NT 5.7 62 43 NT 43 NT 
CSMRI-10 3/1/11 NT NT NT 120 NT NT NT 6.2 49 39 NT 14 NT 
CSMRI-11B 3/2/11 NT NT NT 120 NT NT NT 5.4 45 57 NT 14 NT 
CSMRI-12 3/1/11 NT NT NT 140 NT NT NT 12 50 52 NT 320 NT 
CSMRI-13 3/2/11 NT NT NT 120 NT NT NT 9 52 56 NT 42 NT 
CSMRI-14 3/1/11 NT NT NT 26 NT NT NT 4.3 13 39 NT 1.6 NT 

Detection Limits 0.01 0.01 0.1 1 0.005 0.01 0.0002 1 1 1 0.003 0.1 8.1 
MCL* NE 0.010 2 NE 0.005 0.1 0.002 NE NE NE 0.015 30 NE 

 *Maximum Contaminant Level – National Primary Drinking Water Regulations 
NE  – Not Established 
ND – Tested but not detected above the Detection Limits 
NT – Not Tested  
J – Estimated value  
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Table 2-3 
Summary of Anions and Cations in Groundwater 

Sample 
Station Sample Date 

Bicarbonate 
as CaCO3 

(mg/L) 

Carbonate as 
CaCO3 
(mg/L) 

Total 
Alkalinity  as 

CaCO3 
(mg/L) 

Chloride 
(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Dissolved 
Organic 
Carbon 
(mg/L) 

Ferric Iron 
(mg/L) 

Ferrous Iron 
(mg/L) 

Total Iron 
(ug/L) 

Nitrate 
(mg/L) 

Nitrite  
(mg/L) 

Sulfate 
(mg/L) 

Sulfide 
(mg/L) 

CSMRI-1 3/2/11 79 ND 79 100 340 ND NT NT NT 1.1 ND 76 NT 
CSMRI-1B 3/3/11 230 ND 230 280 710 1.7 NT NT NT 2.3 ND 97 NT 
CSMRI-2 3/3/11 290 ND 290 23 400 ND NT NT NT ND ND 75 NT 
CSMRI-4 3/1/11 290 ND 290 220 790 2.1 ND ND ND 0.64 ND 150 ND 
CSMRI-5 3/1/11 220 ND 220 250 700 1.4 ND ND ND 4.0 ND 93 ND 
CSMRI-6C 3/2/11 180 ND 180 250 630 1.6 NT NT NT 2.5 ND 71 NT 
CSMRI-7C 3/2/11 380 ND 380 83 640 1.5 NT NT NT ND ND 110 NT 
CSMRI-8B 3/1/11 340 ND 340 230 880 2.8 ND ND ND 1.3 ND 160 ND 
CSMRI-9 3/1/11 290 ND 290 240 740 1.6 NT NT NT 4.6 ND 96 NT 
CSMRI-10 3/1/11 230 ND 230 260 690 1.4 NT NT NT 4.1 ND 75 NT 
CSMRI-11B 3/2/11 230 ND 230 260 680 1.6 NT NT NT 3.2 ND 71 NT 
CSMRI-12 3/1/11 320 ND 320 180 770 2.3 0.20 0.83 ND ND ND 170 0.13 
CSMRI-13 3/2/11 280 ND 280 210 720 2.3 ND ND ND 2.2 ND 110 ND 
CSMRI-14 3/1/11 180 ND 180 3.6 250 1.8 NT NT NT ND ND 50 NT 

Reporting Limits 5 or 20 5 or 20 5, 10 or 20 1, 2 or 4 10 1 0.20 0.20 100 0.50 0.50 5, 10  or 20 0.050 
mg/L – milligrams per liter 
µg/L- micrograms per liter 
ND – Non Detect 
NT – Not Tested 

 
 
 

Table 2-4 
Summary of Radioisotopes in Surface Water 

Sample 
Station 

Sample 
Date 

Ra-226  
(pCi/L) 

Ra-228  
(pCi/L) 

Total U  
(μg/L) 

Result Uncertainty Result Uncertainty Result 
SW-1 3/2/11 0.07 ± 0.13 0.31 UJ ± 0.3 2 
SW-2 3/2/11 0.18 ± 0.18 0.38 UJ ± 0.33 2.1 
SW-3 3/2/11 0.87 ± 0.39 0.56 UJ ± 0.38 2 

MCL* Total Ra = 5 30 
*Maximum Contaminant Level – National Primary Drinking Water Regulations 
pCi/L = picoCuries per Liter  
µg/L = micrograms per Liter 
UJ = Estimated value 
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Table 2-7 
CSMRI Historical Groundwater Data (Previous Consultants) 

(All results in picoCuries per liter) 
Well ID (d) Analyte 1/1991 (a) 6/1991 (a) 3/1999 (b) 6/1999 (b) 10/1999 (b) 2/2003 (c) 4/2003 (c) 7/2003 (c) 10/2003 (c) 

CSMRI-1 
Ra-226   0.1 0.3 0.2 <0.55 <0.45 ND (<0.38) ND (<0.31) 
U Total   2.09 2.59 1.44 2.4 2.9 0.87 1.4 
Th-230   0.4 0.2 0.2 <0.19 0.21 ND (<0.13) <0.15 

CSMRI-2 
Ra-226  1.9 1.9 1.4 1.4 1.4 2.8 2.1 1.7 
U Total 11 5.7 0.55 1.46 0.71 1.5 1.3 1.9 1.3 
Th-230  0 0.1 0.1 0.9 <0.17 0.43 0.20 0.31 

CSMRI–3 
Ra-226  0.6 1.5 1.2 1.6 <0.75 <0.81 ND (<0.49) <0.98 
U Total 17 10.4 8.41 12.4 10 12 12 9 10 
Th-230  0 0.3 0.3 1.1 <0.12 ND (<0.15) ND (<0.17) ND (<0.14) 

CSMRI-4 
Ra-226  1 <0.4 0.6 0.4 <0.85 <0.42 <0.32 ND (<0.64) 
U Total 86 57.3 23.4 58.6 33.7 16 34.2 53 19 
Th-230  0 0.7 0.3 0.4 <0.099 ND (<0.15) ND (<0.17) ND (<0.12) 

CSMRI-5 
Ra-226  0.6 2.4 3.3 2.7 ND (<0.49) 1.1 2.6 1.59 
U Total 14 16.8 3.6 3.6 4 2.8 2.3 2.7 3.3 
Th-230  0 0.2 0.2 1.4 0.062 ND (<0.14) ND (<0.19) ND (<0.13) 

Notes: ND = Not Detected 
a - Samples collected by Grant and Associates and analyzed by Barringer Labs 
b - Samples collected by URS Greiner Woodward Clyde and analyzed by CORE Labs 
c - Samples collected by New Horizons Environmental Consultants and analyzed by Paragon Analytics; Total U activity (pCi/L) calculated from concentration (μg/L) reported by Paragon. 
d - Well Identification numbers changed from the 1991 data to the 1999 data.  Data presented account for this change 
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Figure 4 
Clear Creek Gauging Graph 
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Appendix A 
Monitor Well Construction As-Builts 
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Appendix B 
Sample Collection Forms 











































 

  

Appendix C 
Surface Water Sampling Procedures 







































 

  

Appendix D 
Data Validation Reports 








































































































































