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SI-]BJECT ES December 26,2013 Ground Water Protection Level Modification Request and
Return to Baseline Monitoring Frequency Request: DRC Findings

Summary:

EnergySolutions ("ES") submitted a December 26,2013 request ("Request") to the Director of the
Utah Division of Radiation Control ("Director") to modify Ground'Water Protection Levels
("GWPL's") for nine parameters in the current Utah Ground Water Quality Discharge Permit,
Permit No. UG'W450005 ("Permit"), and to return ten parameters to baseline monitoring
frequency based on the proposed modified GWPL's (pending approval by the Director and
inclusion in the Permit) or based on monitoring dataresults below the GWPL since the original
non-compliance (Copy of the ES Request is included as attachment D of this memorandum). The
proposed modifications were submitted for Utah Division of Radiation Control ("DRC") review
and Director Approval. DRC notes that any modifications of GWPLs are required to be included
in the Permit and are subject to public notice and participation protocols as required by Utah Rules
and Regulations prior to such inclusion.

A summary of the proposed GWPL modifications and current accelerated monitoring status,
Probable-Out-of-Compliance ("POOC") Status or Out-of-Compliance ("OOC") Status, are
summarized on Table 1 below:

Table 1 - ES ed Permit Modifications
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Well Number Current
GWPL

Proposed
GWPL

GW-24 Selenium 0.05 mg/L 0.0534m{L Quarterly-
POOC

Annual

GW-26 Thallium 0.002melL 0.00255 mslL Monthly-OOC Annual
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S ource and Contaminatiott Assessm ent

The Permit Part I.G.3.b Source and Contamination Assessment Study Plan states "- within 30
days of the verbal notice to the Director required in Part LG.3.a of this Permit, the Permittee
shall submit for Director approval an assessment study plan and compliance schedule for:

1. Assessment of the source or cause of the contamination and detennination of steps
necessary to coruect the source.

2. Assessment of the extent of the ground water contamination and any potential
dispersion.

3. Evaluation of potential remedial actions to restore and maintain ground water quality
and ensure that the ground water standards will not be exceeded at the compliance
monitoring wells, and best available technology will be reestablished."

The following Source and Contamination Assessment Study Plans ("SAP's") were received by
DRC (Copies of the ES SAPs are included as Attachment C of this memorandum). DRC notes
that SAP's have been submitted for all of the requested wells/parameters in OOC status as

required. Selenium in monitoring well GW-24 is currently in POOC status, however this
parameter/well has been in OOC status in the past and a summary of past ES studies and response
to DRC request for more information related to source of the GWPL exceedances is included on
Table 2 below. The table below also includes a summary of the findings of the SAP's:

Table 2 - S of ES Source and Assessment Plans

Well Number Parameter Current
GWPL

Proposed
GWPL

Current
Accelerated
Monitoring
Frequency

Baseline
Monitoring
Frequency

AnnualGW-100 Thallium 0.002melL 0.00422melL Monthly-OOC
0.0580 me/L Monthly-OOC AnnualGW-103 Selenium 0.05 mgll.

GW-137 Sum of Radiums 5 pCilL 5.54 pCllL Monthly-OOC Annual
GW-137 Total Uranium 0.03 me/L 0.0371me|L Monthly-OOC Annual
GW-138 Sum of Radiums 5 pCilL 5.51pCi/L Quarterly-

POOC
Annual

0.0695 ms.L Monthlv-OOC AnnualGW-138 Selenium 0.05 mell.
GW-141 Selenium 0.05 me/L 0.0705 mell, Monthly-OOC Annual

P3-95 NECR Thallium 0.002mglL NA Quarterly-
POOC

Annual

Monitoring Well
No.

Parameter Date of Report Summary of ES Findings

Thallium r012612012 Flow in the area appears to have been
impacted by local groundwater
mounding. ES states that the thallium
concentrations are likely due to
background influences or analytical

GW-26
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uncertainty
10126120t2 ES SAP uses groundwater travel

times for thallium to arrive at point of
exposure (calculated 106 years) from
the Class A Cell to determine that the
discharge from the facility is not the
source. 'Waste had only been
disposed at the Class A Cell for 12

yearc at the time of the SAP. SAP
states that thallium is likely due to
b ackground groundwater
concentrations considering low values
of analytical results and Ground
'Water Protection Levels,

GV/-100 Thallium

ES SAP notes that a correlation
appears to exist between changing
groundwater elevations and selenium
concentrations at monitoring well
GIV-103. The SAP also notes that
wastes have not been placed
hydraulically up gradient from
monitoring well GW-103. The SAP
states that selenium concentrations are

likely due to dissolution/desorption in
the aquifer matrix.

Selenium r012612012GW-103

1,0126120t2 ES SAP states that selenium in
monitoring well GV/-141 is not due to
discharges from the site as confirmed
by calculated groundwater travel
times for selenium to the point of
exposure (over 2,000 years), and is
likely due to fluctuation of
b ackground concentrations.

GW-141 Selenium

ES SAP states that selenium in
monitoring well GW-24 is not due to
facility impacts based on calculated
groundwater travel times (100+
years). The SAP states that the likely
cause of Se OOC is a change in
laboratory method. DRC issued a
request for information letter (dated

February 28,2008) based on the ES

SAP claims.

Selenium 812812007GW-24
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DRC staff noted that EnergySolutions Request additionallyprovides the following statements and
references indicating that the parameter exceedances are due to fluctuating background
concentrations:

"They are associated with relatively new monitoring wells located north and ea,st of the
Class A West embanlcment. These wells were completed in the summer of 2009 and
background-based GWPL exceptions have not yet been establishedfor them. These new
wells replaced similar GWPL exceptions (e.g. GW-L13 total uranium and Ra-226 +
Ra-228)."

a

Monitoring Well
No.

Parameter Date of Report Summary of ES Findings

GW-24 Selenium 312812008 -
Additional Info

Response to DRC
Request for
Information

ES submitted additional information
regarding the new method employed
showing that a lower detection limit
was established. Argues that
selenium is present in the aquifer
matrix and is readily soluble. Notes
that low concentrations of selenium
are disposed of in waste
impoundments at Clive.

GV/-137 Sum of
Radiums

212912012 ES SAP states that radium in
monitoring well GW-137 is not due to
EnergySolutions operations based on
calculated groundwater travel times
(235 years * for unretarded
constituent). SAP states that OOC is
likely caused by background
fluctuation based on range of
concentrations.

GV/-137 Uranium tU27l20r2 ES SAP uses ground water flow
directions and groundwater velocities
and transport to argue that waste
disposal is not the source of the OOC.
Based on the evaluation ES states that
the U concentrations at GW-I37 arc
likely due to background groundwater
fluctuations.

GW-138 Selenium ll26l2012 ES SAP details groundwater gradients
and calculated groundwater velocities
based on available information. SAP
study concludes that selenium
concentrations in monitoring well
GV/-138 are likely due to background
groundwater fluctuations.
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o "Tlrey are background levels of thallium. In December 2009, the Division of Radiation
Control (DRC) added thallium as a monitoring parameter to the GWQDP because the
Utah Water Quality Board had recently established a protection levelfor it. The

drinking-water-based universal GWPLfor thallium, 0.0002 milligrams per liter (mg/L),
is equal to the analytical minimum detection limit (MDL). The combination of
background levels of thallium and a universal GWPL established at the limit of detection
contribute to the observed thallium exceedances."
"As documented in the Comprehensive Groundwater Quality Evaluation Report, (CD12-
0308; EnergySolutions, 2012a), EnergySolutions has thoroughly characterized
background groundwater quality at the Clivefacility. Continued accelerated monitoring
of background conditions is not necessary for protection of human health and the
environment."

DRC notes that the ES Comprehensive Groundwater Quality Evaluation Report was dated
December 10,2013 and was submitted as required by Part LIJ.22 of the Permit and was due to be
submitted 180 days prior to Permit expiration. As of the date of submittal of the ES Request,
DRC has not conducted review of the ES Comprehensive Groundwater Quality Evaluation Report
nor had the opportunity to issue comments and concems regarding the document.

Based on DRC review of the ES SAPs for the OOC parameters/wells, DRC concurs that the
sources of the exceedances are most likely due to fluctuations in background groundwater
geochemistry or are due to analytical uncertainty in the data results. DRC performed an

independent review of potential concentration trends for the POOC and OOC parameters below

Trend Analysís

DRC noted that none of the above summarized ES SAP's included an evaluation of concentration
trends. DRC performed trend analysis using historical groundwater dataplots for each of the
OOC/POOC wells as follows:

Selenium Monitoring Well Gll-24

Per past correspondence with ES regarding OOC status for selenium at monitoring well GW-24,it
was noted that an increasing trend is evident for the welllparameter (Figure 1) when data was
plotted using all historical values (since 1992) and the most recent data through the fourth quarter
of2012.
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Figure | -DataPlot and trend-line for Selenium Data in Monitoring Well GW-24 (1992 through
2012 Data

Figure 2 uses only more recent analytical results 2008 through the last quarter of 2012. DRC
notes that the plot of only more recent data (five consecutive years of data), Figure 2, shows a
relatively flat trend-line, indicating that the concentrations of selenium in the well have stabilized
(since a site wide change in laboratory method for selenium).

Figure 2 -DataPlot and Trend-line for Selenium Data in Monitoring V/ell GW-24 (2008 through
2012 Data Results

DRC notes that for the calculation of the revised Se GWPL in the report, ES used data spanning
from312412005 until 911012013. A plot of these data is additionallyprovided as Figure 3 below:
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Figure 3 -DataPlot and Trend-line for Selenium Data in Monitoring Well GW-24 (312412005

9lt0/201

Thallium Monitoring Iïtell GW-26

DRC notes that for thallium in monitoring well GW-26,76 data results were collected between
5126120lI and 1012712013, and that 7 of the data results were non-detected concentrations (<0.002
mg/L). Per review of a plot of the remaining 9 detected concentrations, no trend is evident
(Figure 4). Based on this, and the SAP findings, it is appropriate to adjust the GWPL for Tl in
monitoring well GW-26. DRC notes that ES used the Kaplan-Meier method to develop the
proposed modified GV/CL since there was a large number of non-detects in the data set. These
calculations are discussed in the section below.

4 -DataPlot and Trend-line for Thallium Data in Well GW-26

Thallium Monitoring Well GW-100

Per DRC review of the thallium data plot (Figure 5) which included data collected from l2lLl2009
through 1012412013, a slight increasing trend is noted, however the trend line is basically flat. The
data set included 21 results with 3 non detected concentrations (<0.002m91L). Based on review
of the SAP and data plot it appears appropriate to adjust the GWPL for Tl at monitoring well GV/-
100.
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F 5 -DataPlot and Trend-line for Thallium Data in Monitoring V/ell GW-100

Selenium Monitoring Well GI4¡-103

Perreviewofaseleniumdataplot(Figure6)inmonitoringwellGW-103 (313012005 through
1012412013) it appears that the data trend is slightly increasing. Based on review of the SAP and
data plot it appears appropriate to adjust the GWPL for Se at monitoring well GV/-103.

6 -Data Plot and Trend-line for Selenium Data in Moni Well GW-103

Uranium Monitoring Well GlI¡-137

Per review of the uranium data plot (Figure 7) for monitoring well GV/-137 (data from 111512009

through 9ll0l20l3) a slight increasing trend was noted. Based on review of the SAP and plot it
appears appropriate to adjust the GWPL for uranium at monitoring well GV/-137.
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7 -DaIa Plot and Trend-line for Uranium in Moni V/ell GW-137

Selenium Monitoring \feil GW-141

Per review of the data plot (Figure 8) for selenium in monitoring well GV/-141 (data from
lll5l2009 through L01241201,3) the trend-line is essentially flat. Based on review of the SAP and

data plot it appears appropriate to modify the selenium GV/CL at monitoring well GV/-141.

8 - Data Plot and Trend-line for Selenium in Well GV/-141

Ra-226 + Ra-228 Monitoring II¡ell GW-137

Based on review of the data plot (Figure 9) for sum of radiums in monitoring well GV/-137 (data
results from 1 11512009 throughg/l012013) the trend-line is essentially flat. Per review of the SAP
and trend-line it appears appropriate to modify the GV/CL for sum of radiums in monitoring well
GW-137.
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9 -DataPlot and Trend-line for Sum of Radiums in Monitoring Well GW-137

Ra-226 +Ra-228 Monitoring Well GW-L38

Based on review of the data plot (Figure 10) for sum of radiums in monitoring well GV/-138 (data

results from 1 11512009 through 3ll8l20l3) the trend-line is essentially flat. Per review of the SAP
and trend-line it appears appropriate to modify the GWCL for sum of radiums in monitoring well
GV/-138.

10 - Data Plot and Trend-line for Sum of Radiums in V/ell GW-138

Selenium Monitoring Well GW-138

Based on review of the data plot (Figure 11) for selenium in monitoring well GW-138 (data from
111512009 tntll1012412013) the trend-line is essentíally flat. Based on review of the SAP and
data it appears appropriate to modify the GWCL for selenium in monitoring well GW-l38.
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Fi 11 - Data Plot and Trend-line for Selenium rn V/ell GW-138

DRC Revíew of ES Statistical Calculatíons, Tøbles, and Software

DRC staff noted that for all but one of the reviewed statistical evaluations conducted by ES the
following tests were used for evaluation: Skewness and Kurtosis, Shapiro-V/ilk, Anderson-
Darling. In the case of thallium data for monitoring well GW-26 it was noted that of the sixteen
data results, seven were non-detect, requiring the use of a statistical method which could account
for a high proportion of non-detects. Therefore, for evaluation of thallium in monitoring well GW-
26ES used Kaplan-Meier variance and mean calculation.

1. Review of Shapiro-Wilk Statistical Calculations and Data Sets:

The Report included copies of a summary of statistical evaluation for each well where a modified
GWCL was proposed. The summary sheets include a list of the data used for evaluation and a
summary of critical values and calculation results. The Report also includes copies of data plots
for each well where a modified GWCL was proposed. The plotted summaries include a bar
histogram plot (and outlier box plot) and a normality plot, including linear evaluation. The plots
were created using a computer program (Analyse-it) and also include summaries of mean,
vartance, skewness and kurtosis, Shapiro Wilk Statistic (V/ and p values), Median Range and
quartile calculations. DRC noted that the information from the Analyse-it software was
transcribed onto the ES summary sheets. A second sheet includes calculation of the Anderson-
Darling critical values.

DRC staff conducted a cross check of the Shapiro-Wilk Statistical calculation for two
wells/parameters (Selenium in Monitoring Well GW-24 andUranium in V/ellGV/-137). Copies
of the summary spreadsheets for the DRC cross checks are included as Appendix A of this memo.
Per the results of the cross checks the ES calculations and DRC calculations are in concuffence
regarding calculations for mean * two standard deviations (95%).
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No discrepancies regarding data sets used or method applicability v/ere noted. It appeared that all
data sets showed normal distribution after removal of outliers and or suspect data. DRC notes that
outliers were identified at monitoring wells GV/-103 Se (3 results) and GV/-137 Ra226+Ra228 (2
results). In both cases, all outliers removed were outside of 1.5 times the interquartile range and
were removed prior to statistical analysis. These criteria for outlier removal are in conformance
with the EPA Unified Statistical Guidance (2009).

Selenium data prior to January 5,2009 was removed from the data set for monitoring well GW-
24. ES notes that after removal of the suspect data (as discussed in the data trend section above),
"Tlte absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wrilk statistic is greater than the critical value, and the Anderson Darling statistic is less

than its critical value. Based on these results, selenium concentrations in groundwater at Gl4t-24
are normally distributed, No outliers were identified or removedfrom the dataset. The removal of
the data appears to be appropriate based on the change of laboratory method (lowered detection
limit) for selenium analysis atthat time and an apparent subsequent shift (raising) of
concentrations. DRC notes that even with removal of the pre January 5, 2009 data, there is over
five years of data results used for statistical evaluation showing an essentially flat concentration
trend.

Based on DRC review of the Request, it appears that the proposed modified GWCL's as listed on
Table 4 below are appropriate.

2. Kaplan-Meier Methodfor Thallium in Monitoring l4tell GW-26:

GW-26 Thallium data set includes 16 total samples. Nine of the sixteen samples are detected
concentrations, seven are non-detects. EFR states that in the case of GV/-26 Thallium, the
"Kaplan-Meier method is used to calculate estimates of the mean and standard deviation that
accountfor the left-censored (non-detected) measurements. Beal 2010 states that because the
Kaplan-Meier method is nonparametric; it is more robust withfewer assumptions than Cohen's
Adjustment, simple substitution, or maximum likelihood estimators when at least half the samples
are detections."

DRC notes that the use of the Kaplan-Meier method for the left censored data set for thallium in
monitoring well GW-26 is consistent with the US Environmental Protection AgencyUnified
Statistical Guidance (March 2009). The Kaplan-Meier method is considered a "censored
estimation technique" wherein the data population size is weighted to include non-detects
proportionately. Per the EPA 2009 Unified Statistical Guidance certain steps must be followed to
ensure that the weighted data is normalized (censored probability plot). Per the EPA 2009 Unified
Statistical Guidance, the Kaplan-Meier method is applicable where the data is left censored with
probability that non-detected concentrations are due to constraints in analt¡tical technology. Per
DRC review of the data set used for monitoring well GV/-26 thallium evaluation, it was noted that
the detected data is in a similar range of non-detects and that the left censored datawas therefore
probably dub to constraints related to the analsrtical technology/method.
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Table 3 -Data Set Used for lan-Meier Ev GW-26 Thallium

DRC noted that a summary of statistics, Analyse-it software, and data sheet was not included with
the Request for the thallium statistical evaluation using the Kaplan-Meier method. DRC requested

a copy of the summary or alternate calculation spreadsheet, in order to confirm the calculation and

data set used. ES subsequently submitted a copy of the excel spreadsheet and guidance used to
perform the calculation (electronically via e-mail on214l20l4).

DRC performed a cross check of the calculation for mean and standard deviation (Appendix B
DRC Spreadsheet). Per findings of the cross check it appears that the calculations made by ES

were appropriate. The proposed modified GWCL raises the current GWPL of 0.002 mglLto
0.00255 mg/L (see also Table 4 below).

ES Request to Retunt Mottitoring Well P3-95 NECR to Annual Baseline Monítoring
Frequency

ES included a request for Director Approval to return monitoring well P3-95 NECR to baseline

annual monitoring frequency with the Request. It was noted that thallium in monitoring well P3-

95 NECR is currently in POOC status based on a single exceedance of the GWCL per sample

results (0.00233 mglL thallium) for a sample collected on May 24,2012. ES notes that a total of
twelve samples for thallium have been collected at monitoring well P3-95 NECR since its
inclusion in the Permit with only the single exceedance for all twelve samples. ES argues that P3-

95 NECR should be returned to baseline monitoring frequency based on:

The most recent five quarterly thcillium results are less than the GWPL. DRC has

previously approved requests to return wells to baseline monitoring status based

onfour andfive consecutive quarterly results less than the GWPL (DRC, 2007).

a

Parameter Sample Result (me/L)Sample Date Well No.
Thallium <0.00100s/2612011 GW-26
Thallium 0,0023s4126120t2 GW-26

GW-26 Thallium 0.002319lr7l20r2
GW-26 Thallium 0.00247t012912012
GW-26 Thallium 0.00226LU2|2012
GW-26 Thallium <0.00200121612012

GW-26 Thallium <0.00200t/2812013
<0.002002lts12013 GW-26 Thallium
0.002363lrv20t3 GW-26 Thallium

Thallium <0.00200 J412120t3 GW-26
Thallium 0.002035ll6l20r3 GW-26
Thallium <0.0020061412013 GW-26

GW-26 Thallium <0.0020071912013

GW-26 Thallium 0.00234I8/t2120t3
0.0025691912013 GW-26 Thallium
0.002t7t0l2v20t3 GW-26 Thallium
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The POOC status is based on a single detection, and detections near the MDL are
often spurious.
Even if the single detection is a representative concentration, it is within the range
of background concentrations observed in other wells where thallium is detected
witlt some consistency.

It is thallium. The only thallium isotope reported in thefacility manifest inventory
having a half-life greater than l2 days is Tl-204, with a half-life of 3.78 years. The

inventory of Tl-204 in all embanhnents combined was reported as 907.7
milliCuries or 2.1 milligrams of thallium (CDI2-0318; EnergySolutions, 2012b).

DRC notes that although monitoring wells may have been returned to baseline monitoring in the
past based on as few as four parameter laboratory results below the GWPL, it is DRCs policy to
require at least eight monitoring results below the respective GV/PLs prior to retum to compliance
monitoring. The justification for this requirement is to show a dependable representation that the
parameter will not exceed the GWPL again and re-enter accelerated monitoring status and to
demonstrate that the parameter is not displaying an increasing concentration trend.

Therefore, in order to be consistent with DRC policy and uniform with requirements imposed
upon other Permittees in the State, DRC is requiring íhat at least eight consecutive thallium
sample results be obtained below the GWPL prior to ES requesting Director Approval to return to
baseline annual monitoring. The ES request for Director Approval may be re-submitted after this
requirement is met.

Cottclusiotts

Proposed Modrfied Permit GIIPLs

Based on the Request and DRC findings listed above the proposed GWPL exceptions listed in
Table 3 below are recommended for inclusion in an upcoming permit modification or renewal.
Since the incorporation of the modified GWPLs constitutes raising the current compliance
concentrations, the modification will be required to undergo amajor modification process

including public notice and hearing requirements. The current GWPLs remain in force until
authorization (signed Permit) by the Director.

Table 4 - sed Modified GWPLs Recommended for Inclusion in the Permit

a

a

a

Units Current
GWPL

Proposed
GWPL

Exception

Embankment
Location

Well ID Parameter

melL 0.058 0.0634 LARW, IIe.(2)GW-24 Selenium
MSJL 0.002 0.00255 lIe.2GW-26 Thallium

0.002 0.00422 Class AGW-100 Thallium mglL
LARWGW-103 Selenium mg,lL 0.05 0.0580
Class ARa-226+Ra-228 pCillL 5 5.54

Class AGW-137
Total Uranium nlF,IL 0.03 0.037r
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ES Request to Return Thallium in Monitoring Well P3-95 NECR to Baseline Annual Monitoring
Frequency

Per the Request and DRC findings as discussed above EnergySolutions requested that thallium at
monitoring well P3-95 NECR be returned to baseline annual monitoring frequency based on five
consecutive accelerated quarterly samples with results below the GWPL. In order to be consistent
with DRC policy and to provide consistency regarding requirements for other DRC Permittees, it
is required that at least eight accelerated samples with results below the GWPL be obtained prior
to requesting Director approval to return to baseline (compliance) monitoring frequency. A letter
will be drafted informing ES of the requirement. The request for Director Approval to return
monitoring well P3-95 NECR to baseline annual monitoring may be resubmitted after the
obtainment of eight samples with results below the GWCL.
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Appendix A - DRC Shapiro-Wilk Method Cross Check Spreadsheets
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Standard Deviation Calculation:
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Appendix B - DRC Kaplan-Meier Method Crosscheck Spreadsheet
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Attachment C - Copies of ES Source and Contamination Assessment Study
Plans
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Re:

August 28,2007 cD07-027s

Mr. Dane Finerfrock,Co-Executive Secretary
Utah Division of Waler Quality
168 North 1950 West
P.O. Box 144850
Salt Lake city, utah 841 l4-4850

Selenium Out-Of-Compliance Monitoring at Monitoring Well GW:24,
Groundwater Quality Discharge Permit UGW450005, Part l.G.

Dear Mr. Finerfrock:

A verbal notification was made to the Division of Radiation Control on August 22,2007,
regarding the out-of-compliance status for selenium in monitoring well GrW-24. This
letter provides additional information concerning elevated selenium concentrations
including: all selenium data for GW-24, trending of selenium data with groundwater
elevations, and an assessment as to the source, extent, and potential rernedial actions in
accordance with Condition I.G.3 of EnergySolutíons 'Groundwater Quality Discharge
Permit uGw450005 (GWQDP).

Table I (attached) provides a summary of all selenium data collected at monitoring well
CW-24. The sample collected on March 19,2007, as part of the semi-annual monitoring
program exceeded the Groundwater Protection Level (GWPL) of 0.050 mgL by 0.001

mg/L. EnergySolutions provided verbal notification to Brian Hamos in April 2007 of a
Probable Out-Of-Compliance (POOC) condition in accordance with Condition I.G.2.a. A
quarterly sampling schedule was implemented in accordance with Condition I.G.2.b, with
the first quañerly sample collected on May 9,2007. The envíronmental sample collected
with this event did not exceed the GWPL (result of 0.048 me/L); however, the duplicate
sample did exceed the GWPL (result of 0.05ó mglL). These results were received in June

2007, and EnergySolutions implemented an accelerated schedule of monthly sampling in
accordance with Condition I.G.3.a.2. However,EnergySolutions did not provide verbal
notifi cation until August 22, 2007 .

EnergySolu/¡ons has collected monthly samples on July 25 and August 23,2007.
Selenium results ûom the July 25, 2007, sampling event indicated continued exceedance
at 0.051 mg/L. Analytical results for the August 23,2007, sampling event have not been
received.

423 West 300 South, Suite 200. Salt l¿ke City, Utah 84101

E0 l. 649.2000 . Fax 80 1 .32 1,0453 . wwuenergysolutions,com
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Condition LG,3.b. requires a Source and Contamination Study plan be submitted for
Executive Secretary approval 30 days affer verbal notification. This plan requires an

assessment of the : I ) source or cause of the contamination, 2) Assessment of the extent of
groundwater contamination, and 3) evaluation of potential remedial actions to restore and
maintain groundwater quality. The remainder of this letter fulfills this requirement.

Source or Cause of the contamination

A plot of selenium data and groundwater elevations is provided as Figure I . In previous
exceedance issues, increasing groundwater elevations have been linked to increasing
metals concentrations. The trends in Figure l, however, do not support a correlation
between sel eni um con cen trati ons and gloundwater el evati ons.

A contour map of groundwater elevation data for March 2007 is provided as Figure 2.
Monitoring well GW-24 is located immedíately downgradient fì"om waste disposal
activities in the I le.(2) embankment. However, monitoring well GW-24 is over 100 feet
from the edge of waste and given the slow groundwater flow velocities (l to 2 feet per
year), it is unlikely that cell leakage is the cause of the selenium exceedances.

A more plausible explanation for the observed excçedances is a change in anal¡ical
methods for selenium. Energy.Solutions 'laboratory, American West Analytical
Laboratories (AWAL) located in Salt Lake City, phased out its Graphite Furnace/Atomic
Absoqption (GFAA) unit during the past few years. EnergySolutíons was made aware of
these proposed change and conducted correlation studies to demonstrate that the new
methods would provide compatible data. Results suggested that the lnductively Coupled
Plasma/Mass Spectrometry (ICP/MS, EPA Method 6020) provided results that were
slightly elevated above the GFAA method, however, results were still below GWPLs.
EnergySolutions switched analytical methods (with DRC approval) prior to the March
2005 sampling event. After the switch, analytical results for selenium at GW-24 have
been at or close to the GWPLs (results of 0.04J, 0.04J, 0.04, 0,04, 0.051, 0.048, 0.056,
and 0.051 mgL). rlt appears that this new method may be the cause of the increases in
selenium concentrations.

Assessment of the extent of groundwater contamination

Selenium data from the two closest monitoring wells GW-92 and GW-l26have selenium
concentrations below the GWPLs of 0.05 mE/L. Recent results for selenium at GrW-92
are 0.01 mglL and at GV/-l 26 are 0.04 mg/L. Therefore, there does not appear to be any
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real extent of contamination

Evaluation of potential remedial actions to restore and maintain groundwater
quality

At this point in time, EnergySolutions suggests that monthly monitoring be continued to
evaluate any trends. Results ofthe monthly monitoring will be included in semi-annual
reports provided to the DRC.

Please contact me at 532-1330 with any questions regarding this submittal.

hrum
Vice President of Environmental Compliance and Permitting

Enclosures

cc: Brian Hamos, DRC (w/ encl.)

I cerrify under pcnalty oflaw that this documcnl and ¡tl attachments were prcparcd undcr my direction or supcrvision in accord¡ncc
wirh a syscrn designed lo assurÈ that qualilicd pcrsonnel properly galhr'r and evaluatc thc inl'ormatfuin sub¡ni¡tcd. Based on my
inquiry ol'thc peßon or penons who rnanage lhc syslcrn, or those persons directly responsible for gathcring the information, thc
informationsubmitredis,tothcbcstofmyknowlcd¡condbelicfitruc,¿ccurate,andcornplclc. I¡maworclh¡lthercarcsignificlnt
pcnaltics for zubmitring làlse infonnation, irrcludirq the possibility of finc and irnprisonrncnt for kmwíng violations.



Table I.
EnergySolutìons

Monitoring \ilell GW-24
Selenium Results
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Dste
Selenium

Laboratora Conc. (m/L)
GWPL = 0.05

t/9/92
3t20/92
4/2t92
6/tt/92
719/92

8t7/92
9t3192

l0t8/92
nt6/92
t2/9t92
llts/93
2112/93

3l10/93

4/8/93
5lt3/93
8t6/93
t1t4/93
2n1/94
4/30/94
7/13/94
t0/5/94
U25195
4t6t95

7/20/95
l0/tot95
u8/96

10t24t96
l214196

1ltsl97
2n8/97

AIVAL
AWAL
AWAL
AWAL
AWAL
AWAL
AV/AL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AV/AL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL

< 0.005

0,006
< 0.005
< 0.005
< 0.005
< 0.005
0.005

0.009

0.013

0.006

0.007
< 0.005
< 0.005

0.008
< 0.005
< 0.005

0.006

0.008
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005
< 0.005

0.0t4
0.021

0.014



Table I
EnergySolutíons

Monitoring Well Gtil-24
Selenium Results

Page 2 of3

Date
Selenium

Laboretory Conc. (múL)
G\ryPL = 0.05

3/3t/97
5t23t97

8t19/97

t0t2U97
t1/20197
tt/20197
2/18/98
5/t8/98
8tzt/98
tt/t8/98
Ut3/99
2124199

2t24t99
s/25/99
5t25/99
8/24/99
8t24t99
tyt6/99
2/t7t00
2t25/40
2t25/00
5/18/00
8/8/00
8/8/00

t0t23/00
2/8101

5n0/01
6n8/01
6tr&t0t
8/8t0t

AWAL
AWAL
AWAL
AWAL
MSA

AWAL
AWAL
AWAL
AWAL
AWAL
AV/AL
MSA

A\ryAL
MSA

AWAL
MSA

AÏVAL
AWAL
AV/AL
AWAL
AWAL
AWAL
AWAL ,

ATWAL

AWAL
AWAL
AWAL
ATWAL
A\ryAL
AWAL

0,009
< 0.005

0.016

0.0r6
< 1.0

< 0.005

0.009
0.02

< 0.005
< 0.01

0.02
<2.6 J

0.026
0.084

< 0.005

0.r40 J

0,042
0.040

< 0.0050

0.0200 J

0.030 J

0.0090
< 0.0050
< 0.0050
< 0.0050

0.04

0.03

0.02

0.02

0.02



Table I
Energy.Salurtons

Monitoring tilell Glü-24
Selenium Results
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Date
Selenium

Lrboratory Conc. (mdl,)
GWPL = 0.05

9/t9t0t
9/10/01
tt/6/ot
t2t20t0t
2/tzt02
4/24t02
4/24/02
6/t0102
6lt0/o2
9/23t02

3/27/2003
9/25t03

3t24t2W4
9/22104

3/24/Os

9/22lOs
3/22/06
9/l4to6
3ll9/07
s/9/07

s/9107

7125/07

AV/AL
AWAL
AWAL
AWAL
AV/AL
AWAL
AWAL
AWAL
AWAL
AV/AL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL
AWAL

0.02

0.02
0.02

0.03

0.026
0.019

0.015

0.0r6
0.01ó

0.022
< 0.013

0.03

0.02

0.03

0.04 J

0.04 J

0.04
0.04

0.051

0.048

Average
Hish
Low

# of Samples
Stan. Dev.

X+zsrdDev

0.063
2.600
0.005

82

0.304

0.671

0.056

0.051
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January 26,2072 cD12-002s

Rusty Lundberg, Co-Eiecutive Secretary
Utah Water Quality Board
195 Norlh 1950 West
P.O. Box 144850
Salt Lake City, UT 84114-4850

Re: Croundwater Quality Discharge Permit'(CWQDP) UGW450005: Source and
Contamination Assessrnent Study Plan for Selenium at.Monitoring Well GV/-138

- Request for,Pennit Modification

. Dear Mr. Lundberg:

This letter provides the Source and Contamination Assessment Study Plan for the
presence of backgrciund levels of seleniurn in groundwater at compliance well GW-138.
Well GW-138 is located near the northeast comer of the Class A North (CAN)
embankment. Selenium exceecled the universal grounclwater protection level (GWPL) of
0.05 milligrams per liter (mgll.) in a samplc collccted on July 74,2011 and the next
quarterly sample collected on December 15, 2011. Notification of the out-of-compliance
(OOC) status was provided to the Division of Radiation Control (DRC) by
EnergySolutions via e-mail on December 30, 2071, and written notification was provided
to DRC on January 4,2012 (CD12-0003). Table 1 provides the timeline for sampling,
detection, and notification of the groundwater exceedences.

Table 1

Timeline for Recent Selenium Exceedences at GW-138

Date Event

711412011

t010612011

121151201r

t2/30i2011
t213012011

u04t2012

3'd Quarter 201I POOC groundwater sample collecred

Results received, exceedence obsen,ed

4tr'Quarter 2011 POOC gl'oundwater sample collected

Results received, second consecutíve cxceedence obseryed

P-mail notification of OOC
Vy'ritten notification of OOC

423 Wesl 300 South, Suite 200. Salt Lake City, Utah 84101
www, energysolutions, com



çF
ENERGY,S0¿UTIqNS
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, January 26,2012
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Well GW-138 was installed in July 2009, and has been sarnpled for selenium for ten
consecutive quarters. Concentrations'have ranged fiom 0.042 to 0.058 mg/L(Table 1-1,
Attachment 1) and appeæ to be representative of background levels in shallow
groundwater.

EnetgySolutions hereby requests a modifìcation of the GWQDP to provide an exception
to the univelsal GWPL for selenium in well GW-138. EnergySolutíons proposes an
adjusted GWPL of 0.061 ng/L The Te'chnical Memo¡andum provided as Attachrnent 1

presents pertinent information on the statistical basis for this exception request, including:
GW-138 seleniurn data, descriptive statiStics, normality testing, and calculâtion.of the
GWPL exception. The balance of this submittal addresses the requirements of the Source
and Contamination Assessment Study Plan listed in part l.G.3.b of the GweDp.

Soufce Assesiment: Attachment 2 consists of shallow groundwater elevation contour
maps for December 2009, May 2010, and December 2010. These maps show a
consistent nodheast flow direction and consistent gradient in the shallow aquifer beneath
the eastern half of the CAN embankment. Well GW-138 is.cross-gradient from the Vitro.
ernbankment, and that cell therefore cannot be a potential source. Based on travel-time '

considerations, the Class A cmbankment also cannot be a potential source. In addition,
contamination from the Class A embankment would be detected in monitoring wells
locâted nor'th of Class'A, and selenium concentrations havê remained below the GWPL in
these wells.

Class A waste is currently disposed in the CAN embankment upgradient of well GW-
138. The closest waste to GW-138 is approxim ateiy 570 feet southwest of the well. The
average freshwater horizontàl hydraulic gradient forthe CAN embankment during 2010
was 5.67x 1 04 fî/ft.. The hydrauiic .gradient and pffective porosity values used in the
infiltration and transport model lor CAN were Z.l7 feetper day Ntd 0.29, respectively.
Using these values, the average horizontal linear velocity of groundwater in the shallow
aquifer beneath the CAN embankment is 1.55 feet per year, and the travel time from the
'closest waste to well GW-138 for an unretarded constituent is approximately 360 years.
Because waste disposal operations at the CAN embankment began in 2001, it is highly
unlikely that CAN waste is the source of seleníum detections at well Gw-138.

Given the information above, it appears that selenium concentration's in groundwater at
well GW-138 represent background levels.

Assessment of the Extent of Contamination: There a(e no data to indicate the presence
of selenium contamination at well GW-138 from any disposal embankment or associated
facility. Concentrations of selenium in adjacent wells GW-137 and GW-l39 are less than
the universal GWPL of 0.05 mglL.



'.tæ
ENERGYJO¿UTIONS

Mr. Rust,v Lundberg
. January 26,2012

cD12-0025
Page 3'of3

: No remedi I actions are warrantþd at this
timc. EnergySolutions will continue monthly monitoring of selenium in GW-138 until
the DRC review of our request to adjust the'GWpL is complete

Please contact me at 801-649-2000 with any questions regarding this submittal

Sincerely,

õ-_ /4<{*,
Sean MeCandless
Director of Compliance and Permitting

'enclosures

cc: Phil Goble, DRC (w/ encl.)
John Hultquist, DRC (w/ encl.).
Tom Rushing, DRC (w/ encl.)

I-ceñiry uder penalty oflaw tìì.at rhis document and all attachments were prepare<l under my direction or supen'ision in accordaoce sitlì a system
desjgnedloassurethalqualifie¿p€rsonnel properlygatherandevaluatetlreinformationsubmitæd. sasedonrnvinquiryofthep"^onorp.íronsoho
lnana-ge the system' oÌ those penons directly responsible for gather.ing. tlre iDfoinâtion úre infomalio¡ sub¡nitted is,'to itr" u"rt or ry tno'*iedge and
belief. true, accuÞte, and cÓmplete. I am awa¡e tltát there arJsignifimd penalties for submitting false infonnation. in"rua;ngihr p*,biìitv of fine and
imprisonment for knowing violatioru.



January 26,2012
EnergySolutiotrs

GW-138 Selenium OOC Source Asses.srnent

. DRC

ATTACHMENT 1

Statistical Evaluation Technical Memorandum



TECHNICAL MEMORANDUM

To:. Sean McCandless

From: RobertSobocinski

Subject: Statistical Evaluation of Selènium Results from Monitoring Well GW-138

Date: January 26,2012

Introduction
Groundwater tnonitoring at well GW-138 indicates that the background selenium
concentration in groundwater is greater than the universal Cround Water Protection Level
(GV/PL) of 0.05 milligrarns per liter (mdl-) established in .the Ground Water Quality
Discharge Permit (GWQDP). Therefore in accordance with Part I.8.1 of the GWQDP,
the mean plus two standard deviations of the background. activity concentration is
calculated ancl pioposed as a G.WPL excepti'on for selenium in groundrvater atGW-138.
The remainder of this discussion suuiurarizes the statistical process used to develop the
GWPL exception and the results of the process.

Methodologv
The methodology is ideirtical to that submitted by Enèrgy,So lutions to the Utah Division
of Radiation Control (DRc) on February 2,2009 and october 7,2009, except that
duplicate results were averaged rather than removed. This methodology is as follows:

1) Define.the data set for statistical evaluation (identify and rernove outliers and
calculate average duplicate results).

2) Perform statistical tests to dernonstrate normality.

3)' Calculate the proposed GWPL exception as the mean plus tu,o standard
deviátions of the data set.

Selenium results have been obtained from groundwater samples collected at well GW-
138 from November 2009 to January 20l21Table 1-1). All results were anzlyzed by
American West Analytical Laboratories (AWAL) Uy Û.S. EPA method S'W-846 6020A.
Duplicate results were averaged, resulting in a data set consisting of l0 selenium results
(Table 1-1). No óutliers were removed.

The statistical tests performed to demonstrate the normality of the G\¡/-138 selenium data
were identical those given in the EnchemicaLLC (2009) methodology, which was
submitted to the DRC on February 2,2009, and identicai to those submitted to the DRC '

for gross alpha in I-1-30 on October 7.,2009, The tests include:

1-1



l) Comparison of skewness and kurtosis.to values expÞcted from a nonnal
. clish-ibution

2) Calculation of Filliben's statibtic þrobabilityplot correlation coefficient) and
cornparison to a critical value

3) The Shapiro-Wilk test

4) The Anderson--Darling' test.

Details'of thêse normality têsts are provided in Enchemica LLC (2009) and are not
included here.

Results
The resùlts norrnality testing are summari zed in Table 1- l. The absolute values óf
skewness'and kuitosis are less than respective critical values, the Filtiben's and Shapiro-
Wilk statistics are greater than the critical value foi each test, and tlie Andcrson-Darling
statistic is less than its critical value (Table 1-1). Based on these results, the selenium
data from well GW-I38 are normally distributed.

The mean and standard deviation were calculated for the GW-138 selenium data set and.
were used to develop the proposed GV/PL exception of 0.061 rngll, (Table 1-1). None of
the selenium results in the data set exceeds this valub.

1-2



Table l-1 - Well GW-138 Selenium Data and Statistical Evaluation

'For samples with duplicates, the original and duplicate analysis were averaged
AWAL = American West Analytical Laboratories

NA = not available

Well ID Date Lab
'Used Ìn
Stat. Eval

Selenium
(mg/L)

Selenium u

(ng/I)

GW-138 tv5/2009 AWAL Y 0.0s20 0.0520

GW-138 211612010 AIü/AL Y 0,0510 0.0510

GW-138 4/28/20r0 AWAL Y 0.0s00 0,0500

GW-138 7/2212010 AWAL Y 0.0518 0.0518

GW-138 t0lt9/2010 AWAL YU 0.0421

GW'138 Dup. 1011912010 A'WAL YO 0.0417
0,0419

cw-138 3/2212011 AWAL Y 0.0462 0.0462
GW-138 5t3/2011 AWAL Y 0.0482 0,0482
GW-r38 7'114/2011 AWAL Y 0.0550 0.0550

GW-l38 t2Ã512011 AWAL Y^ 0.0567

GW-138 Dup. t2lt5/2011 AWAL Y" 0.0574
0.0571

GW-138 1/10/2012 AWAL YU 0.0575

CW-138 Dup 1/1012012 AWAL Y, 0.0584
0.0580

Minimum 0.0419

Maximum 0.0580

Median 0.0514

Mean 0.05 r l
0.0049

Variance 2.41F-05
+ 2 standard 0,0609

Skewness -0.394

x standard error ofskewness 1.549

Kurtosis -0.021

2 x standard en'or ofkurtosis 3.098

Statistic ot correleation 0,9860

value of Filliben's Statistic (oc - 0.05 '0.9173
'Wilk test statistic 0.9704

Shapiro-Wilk test critical value (ø =. 0.05) 0.842
Anderson-Darling test statistic (adjusted) 3 ,83 78

Darli test critical value ct : 0.01 39270
umber of than GWPL 0

of anal than GWPL 0%
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February 29,2012 cD12-0055

Rusty Lundberg, Co-Executive Secretary
Utah'Wätþr Quality Board
195 North 1950 V/est
P.O. Box 144850
Salt Lake City, UT 84114-4850

Re: Groundwater Quality Discharge Permit (GWQDP) UGW450005: Source and
Contamination Assessment Study Plan for Radium at Monitoring Well GW-l37 -' Request for Permit Modification

Dear Mr. Lundberg:

This letter provides the Source and Contamination Assessment Study Plan for the
presenc.e of background levcls of radium-22;6 (Ra-226) and radium-228 (Ra-228) ín
groundwatêr at compliance well GW-137. Well GW-l37 is located north of the Class A
North (CAN) embankment,.Combined radium (Ra-226 +Ra-228) exceeded the universal
groundwater protection level (GWPL) of 5 picoCuries per liter (pCi/L) in a sample
collected on December 15, 2011 and in the next quarterly sample collected on January
10,2072. Notification of the out-of-compliance (OOC) status was provided to the
Division of Radiation Control (DRC) by Energy,So lutions via e-mail on February I 6,
20'12, and written notification was providcd to DRC on February 17,2012 (CDI2-0042).
Table 1 provides the timeline for sampling, detection, and notification of the groundwater
exceedences.

. Table I
Timeline for Radium Exceedences at GW-137

Date Event

6n5/2011
?./14/2011'

t2ll5/20Ir
r/10/2012
t/23/20t2
2n5/2012

2/t6/20r2
2lt7/2012

E-mail notification of POOC
ld qtr ZOt 1 POOC sample collected (results < GV/PL)
+ù qtr 20t I POOC groundwater sample collected
lst Qtr 2012'POOC groundwater sample collected
4'h qtr 2011 results received, exceedence observed

lst Qtr 2012 rcsults received, second consecutive exceedence

obsened
E-mail notification of OOC
Written notification of OO'C

423 West 300 South, Suite 200 . Salt Lake City, Utah 84101
wwwenergysolutions. com



Well GV/- had been sampled forRa-226 andRa.2ZB
for four co 2009 to 3'd quarter 2010 and also for four

. consecutiv o l't quarter 2012 (total of eight quarters).
combined radium cohcentrations have ranged from2.42 to s.s¡ pci/L (Table 1-1,
Attachment'1) and appear to be representative of background levels in.shallow
groundwater (see Sorlrce Assessment discussion below).

t.

EnergySolutíonshere,by requests a modification of the GWQDP to provide an exception
to the universal GWPL for combined radium in well GW -737 , EnetgySolutions proposes

ical Memorândum provided as
on the statistical basis for this exception

scriptive statistics, normality testing, and .

lance of this submittal addresses.the
requirements of the Sþurce and Contamination Assessment Study Plan listed in Part
1.G.3.b of the GWQDP.

Source Assessment:' Attachment 2 consists of shallow groundwatcr eleVation contour
m"pr f". D""".bet f009, Vtuy 2010, and.December 20L0. These maps shqw a

ent gradient in the shallow aquifer beneath
1l GW-137 is cross-gradient from the Vitro

considerations, the ciass A embankmenr also iåïit:"i;:ffii.t"':'"".'":"iîri;liä:
contamination from the Class A embankment would be detected in monitoring wells
located north of Clasq .A,, and râdium concentrations have remained below the GWPL in

-
ty'i-'-

ENERGY^So¿wIoNS

Mr. Rusty Lundberg
February 29,2012

cD12-005s
Page 2 of3

these wells.

Background levels of,combined radium in the shallow aquifer in the vicinity of well GV/-
137 are slightly greater than the universal GWPL of 5 pCi/L. Background-based GWPL
exceptions ranging from 5.04 to 7.77 pCi/L are in place for combined radium in wellb
Gw-84, Gw-85, Gw:86, Gw-88, and GW-l12. Former cAN compliance monitoring
well GW-l13, which pas located near GW-l37,had a combined radium background-
based GWPL of 6.61 pCilL,

Class A waste is currently disposed in the CAN emba¡kment upgradient of well GW-
137. Tbe closest waste to GV/-137 is approximately 365 feet southwest of the well. The
average freshwater hqrizontal hydraulic gradient for the CAN embankment during 2010.
was 5.67x1 0-4 ft/ft. The hydraulic gradiørt and effective porosity values used in ihe
infiltration and franspört model for CAN were 2.1 7 feet per day and 0.29; respectively.
Using these values, thê average horizontal linear velocity of groundwater in the shallow
aquifer beneath the CAN embankment is 1.55 feet per year, and the travel time from the
closest waste to well çV/-137 for an unretarded constituent is approximately 235 years.
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Beca,use waste disposal operation's at the CAN embankment began in 2001, it is highly
unlikely that CAN waste is the source of observe dRa-226 and Ra-228 concentrations at
well GW-137.

Given the information above, it appears that the radium concentrations in groundwater at
'well GW- I 3 7 represent background levels.

Assessme{rf of the Extent of Contamination: There are no data to indicate the presence
of radium isotope contamination at well GW-l37 from any disposal embankment or
associated facility. An area of combinedRa-226 and Ra-228 background concentrations
slightly greater than 5 pCi/L is observed in the shallow aquifer on the eastern side of thè
CAN embankment.

Evaluation of Potential Remedial Actions: No remedial actions are wananted at this
time. EnergySolùtíons will continue monthlymonitoring of Ra-226 and Ra-228 in well
Gw-l37 until the DRC review of our request to adjust the GWPL is complete.

Please contact me at 80L-649-2000 with any questions regarding this submittal.

Sincerely,

Director of Compliance and Penhitting

enclosures

Phil Goble, DRC (w/ encl.)
John Hultquist, DRC (w/ encl.)
Tom Rushing, DRC (w/ encl.)

cc:

I certiS' under penalty oflaw that this document and all atÞcìrnents werc prcpared under my dircction or supenision in accordancc w¡th a system
designedtoassurethatqualifiedpemonnclpropcrlygatherandcvaluaretheinfon¡adonsubinitterl. Basedoirrnyinr¡uiryofthep"rrunorpenonswho
manage the system, or those persons directly responsible for gathering. tbe infomatío¡ the informatiou submineá is,'to ihe best bfrny knowledge and
belief,true,accirale.andcomPìete. Iamawaretl:atthcrcaresignifiCantpcnaltiesforsubminingfalscinfonnation,iucludingthepossibilityoflineand
inprisonrnent for knowin g violations.
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TDCHNICAT MEMORANDUM
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To: '. Sean McCandless

From: RobértSobocinski'

Subject: Statistical Evaluation of Radium'Results from Monitoring Well CW-137

Date: February,22,2012

Introduction
Groundwater monitoring at well GW-137 indicates that the background combined radium
(Ra-226 +'Ra-228) concentration in groundwater is greater than thc universal Ground

Water Protection Level (GV/PI ) of 5 picoCuries per liter (pCi/L) established in the

Ground Water Quality discharge Permit (GWQDÞ). Therefore in accordance with Part
LB.1 of the CWilnp, the mean plus two standard deviations of the background activity.
concentration was calculated and proposed as a GWPL exception for combined radium in
groundwater at GW-l37. The remainder of this discussion surnniarizes the statistical
process used to develop the GWPL exception and the results of the process.

Methodology
The methodology is identical to that submitted by Energy,so lutions to the Utah Division
of Radiation Contrbl (DRC) on February 2,2009 ¿urd October 7,2009. Tl'tis
methodology is as follows:

1) Define the dataset for statistical evaluation (identify and remove outliers and
'remove duplicate results).

2) Perfonn statistical tests to demonstrate normality

3) Calculate the proposed GWPL exception as the mean plus two standard

deviations of the data set.

Ra-226 and Ra-228 results have been obtained from groundwater samples collected at

well GV/-137 from November 2009 to January 2012 (Table 1-1). All results were

anal5rzed by TestAmerica in Richland, 
'Washington (TAR) by method RL-RA-001

Rev. 2, which is the equivalent of U.S. EPA methods 903.1 (Ra-226) and904.0 (Ra-228).

Three duplicate results were removed, resulting in a data set consisting of eight combined

radium results (Table 1-1). No outliers were removed.

The statistical tests performed to dembnstrate the normality of the GW-137 combined

radium data were identical those given in the Enchemica LLC (2009) methodology,
which was submitted to the DRC on February 2,2009, and identical to those submitted to

the DRC for gross alpha in I-1-30 on October 7,2009. The tests include::

1-1



1) Comparison of skewness and kurtosis to values expected from a normal
distribution

2) Calculation of Filliben's statistic þrobabitity plot correlation cqefficient) aid
' comparison.to a critical value : ,

3) The Shapiro-V/ilk test ;

4) The Anderson-Darling test.

Detailg of ihese normality tests are provided in Enchemica LLC (2009) a¡d are not

included here..

Results
The results of normality testing are summarized in Table 1-1. The absolute values of
skewness dnd kurtosis are less than respective critical values, the Filliben's and Shapiro-

Wilk Statistics are greater than the critical value for each test, and'the Anderson-Darling

statistic is less than its,critical value (Table 1-1). Based on these results, the cornbined

radium data from well GW-l37 arc normally distributed.

The mean and standard deviation were calculated for the GW-137 combined data set and

wereusedtodeveloptheproposedGV/PLexceptionof6.l0pCilL(Tablel-1). Noneof
the combined radium results in the data set to date exceeds this value.

Reference
Enchemica LLC,20Og. Statistical Evaluation of Groundwater Data. Technical
Memorandum from Janet Schramke to Daniel B. Shrum, January 30,2009. Submitted to
DRC on February 2,2009 (CD09-0031),

l-2



Table 1-1 - Well GW-137 Radium Data and Statistical.Eyaluation

Well ID Date Lab
Used in

Siat. Eval
Radium-226

(pCi/L)
Radium-228

(pCvL)

Combined
Radium'
(pci¡L)

GW-137 11t512009 TAR Y 1.83 < 0.59 2.42

GW-137 Dup tr/s/2009 TAR N 2.37 1.52 3.89

GrvV-137 211612010 TAR Y 2.31 L35 3,66

GW-137 4128/2010 TAR Y 2.17 1.76 3.93

GW-137 7/22/2010 TAR Y 2.65 1.63 4.28

GW-r37 513/201r TAR Y 3.40 1.73 s,13

GV/-l37 7lt4l20tt TAR Y 2.t9 l.6s 4.44

GVI-137 L2n5t20tt TAR Y 3.07 2.46 5.53

GW-I37 Dup. 1211512011 TAR N 2,44 1.93 4.37

GV/-137 ll10/2012 TAR Y 2,91 1.39 4.30

GW-I37 Dup t/t0/2012 TAR N 2.98 2.r6 5.r4
umber of 8

lmum 2.42

Standard Deviation 0.94

4.29Median

Mean 4.21

Variance 0.89

+ 2 standarddeviations 6.10

-0.64

2 x standard error of t.73
Kurtosis 1.19

2 x standard error of 3.46

Filliben's Statistic correleation 0.968

Critical value of Filliben's Statistic =0. 0.904q

V/ilk test 0.952

Wilk test critical value (a: 0 0.81 8

statistic 0.2't0

test critical value c,=0 2.495

of than CWPL 0

Percent of than GIù/PL 0o/o

pCr/L: picoCuries per liter
TAR = TestÄmerica Richland, Washingtoh

1-3
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cD12-0297
November 27,2012

Rusty Lundberg, Co-Director
UtahDivision of Water Quality
195 North 1950 West
P.O. Box 144850 ,

Salt Lake City, UT 84114-4850

Be: Groundwater Quality Discharge Permit (GweDp) ucw450005: source and. Contamination Assessment Þto¿y Plan for Total Uianium at Monitoring Well
GW,137

Dear Mr. Lundberg:

This letter provides thè Source and Contamination Assessment Study Plan for the
Presence of background levels of total uranium in groundwater atwell GV/-137.
Pedinent data are,summanzedin Table 1.

Table I - Totaì Uranium in G\ry-137

Sample Date Tôtal Uranium Concentration (mgll-)

r1/5t2009 0.023
1t/s/2009 0.024
2/16t20t0 0.018
4/28.t2010 0.015

. 7/22/2010. 0.018
5t3/201t 0.027
4/23/2011 0.03s
9/19t2012 0,0299'/is/20r2 o.asz
10/29/2012 0.0331to/is/2012 o.oz7s

Well GW:137 is located on the north sideof the Class A West embankment and is oie of
the wells that will be abandoned due to this e¡irbankment. Verbal notification of the out-
oÊcompliance (OQC) status for total uranium was provided to the Division of Radiation
Control (DRC) by Ënergy.9o lutions on October 30,2072,and written notification was .

provided to DRC on November 7,2072 (CD12-0282). Table2 provides the timeline for
sampling, detection, and notification of the groundwater exceedances.

423 West 300 South, Suite 200. Satt Lake City, UT 84101

. i www energysolutions.com
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Timeline for Exceedances

Mr. Rusty Lundberg
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Page 2.of 3

Date Event

4t23/2012

5/t8t20t2

6/1312012

9/19/20t2

10126/2012

10129/20t2

10130/2012

11/r/2012

A¡¡ual sampling

Arurual sampling results received, ltrst exceedance

E-mail notification of POOC sent to DRC

3'o Qtt 2012 POOC samples collected

3'o Qtt 2012 resuits reoeived, second çonsecutive exceeda¡ce

Monthly sampling t

E-mail notification of OOC

Written notification of OOC

Source Assessment: Figures 7,2, and'3 a¡e shallow groundwater elevation contour
maps for April 201 0, April 201 1 , arid Apnl 2012, respectively. Th"s" máps show a
.consistent northeast flow direction and consistent gradien! in the shallow aquifer beneath
the eastem half of the class A North (cAN) embankment. well Gw-l37 is cross-'
gradient frqm the Vitro embankment, and therefore, that cell cannot be a potential squrce.
Basçd on travel-time considerations, the ClasS A embankment also ca¡not be a potential
source. ln addition, contamination from the Class A embankment would be detected in
monitoring wells located north of Class A, and total uranium concentrations have
remained below the GWPL in these wells.

Background levels of total uranium in some shallow aquifer wells in the vicinity,of well
GW-137 are slightly greater than theuniversal GWPL of 0.03 nLElL. Background-based
GV/PL exceptions ranging from 0.032 to 0.146 mglL arein place for total uranium in

.weils GW;25, GW-26,GW-27, GW-36, G.W-58, GW-94, GW-95, and GW-l00. Former
CAN compliance monitoring well GW-l13, which was located near GW-l3 7,had,a total
uranium background-based GWPL of 0.0354 mg/L..

Class A waste is curently d,isposed in the CAN embankrnent upgradient of.well GW-
137. The clòsest waste to GW-l37 is approxirhately 365 feet southwest of the well. The
average freshwater horizontal hydraulic gradient for the CAN embankment during 201 1

was 5.55x104 ftlfr.: The hydraulic conductivity and effective porosity values useiin the
infilration and'transport model fqr CAN were 2.17 feet per day and 0.29, respectively.
Using these values, the average horizontal linear velocity of groundwater in the shallow
aquifer beneath the CAN embankment is 1.52 feet per year, and the travel time from the
closest waste to well GW-137 for an un¡etarded constituent is approximately 24Ayears.
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Because yasle disposal at the cAN bmbankment began in 2001, it is highly unlikely that
ÇAN waste is the source of o total uranium concentrations at well GW-137

Given the information above,
groundwater at well GW-137

it that the total uranium concentrations in
background levels.

tof atÍ There are no data to indicate fhe presence
of total uranium.contamination at GW-137 from any disposal embankment or
associated facility. A¡ area of uranium b ack groun d concentrati ons sli ghtl y gre ater
than 0.03 mgL is observed in the
embankment.

aquifer on the eastern side of the CAN

Sean McCandless
I\,Ianager, Compliance and P ermitting

ênclosure

Ev4luation of Potential RemedialiActions: No remedial actions are warranted.
I

5, GW-86, GW.137, GW-138, and GW-141
arious parameters. They a¡d several othei
aration for the construction of the Class A

as a resurt oraccererated monitoúnþ wourd 
'î 

Íl!ooiiliïå',JäfiiiT.13f,åiî""u
However, since these wells will be hernoved, data for background-based GwÞL
Þx.ceptions are not needed andEnergySolutíons requests that the sampling frequency for
GW-85, GW-86, GW-l37, GW-l38, and Grü-l4l bererumed to annual.- ,-

Please contact me at 801-649-2000 jwith any questions regarding this issue.

Sincerely, ,

5ìl

cc: Phil Goble, DRC (w/ encl.) i

Tom Rushing, DRC (w/ enc!.)

I certify under penalty of law tìBl this document and all att¿chment¡ were prepared under my direclion or supewision in accord¿nce with a system
designed to assure fhãf gualified persomel properly gather rrid ev¡luote thc infomation submitted. .Bascd 

on my inquiry ofthepemon orpersons who
manage the
belief. true,

systef\ or those persom directly responsible for gathcring the infomation. thc infomration submined is. tc tle best of mv knowledge and
accumte, and complete. I am aware that there ¿rè sigriificant

imprisonment for knowing violations

ù

pemlties for submitting fzlsc jnformation, including the Doss ibility of fine aDd



E-2
+

121f.1

cri

P
lls

30 29

R llW 31 32

F-

I

ll
{/

ORÏH

ow{3

CLASS

EMBANK

)

\,

I\4IXËO WASTE

E[i BANI([4EN]'
ENT

ú\
'ø

"eç

E

LAR\A/

KMENT

sllE LocAlroN
SLO AASE

1 in, = 833 ft.

CHECKEO BY

B. SOBOCINSKI GROUNDWATER CONTOUR MAP

SECTION 32
8Y

J. LOW

APRIL 2O1O FRESH WATERExrcncy^S'o¿urIoNS
APPROVÊD BY

B, SOBOCINSKI

CLIVE, UTAH
FIGURE 1

0ÄtE
6/1 8/1 0



/'1
ill

E
T15

30 29

R 11W 31 32

I g-
,6 5

RTH

T

CLASS A

EN4BAI{

PleT

I

VIÏRO

I\48/\NK

El\4BANKM

12ß.7

MIXEDBAN
EM KMEN

W

stfE LocÁfroN
SLC BASE

SECTION 32 1 in. =,833 ft.
SCALE

CHECKED BY

B. SOBOCINSKI GROUNDWATER CONTOUR MAP

APRIL 2011 FRÉSH WATERExnncv,S'o¿wlot{s

ORAWN EY

J. LOW

APPRCVEO BY

B. SOBOCINSKI

CLIVE, UTAH

oArE 
Revised 2/B/12

Figure 2



o

@

lls

30 29

R 11W 31 32

5

EMBANKMENT

CLASS A

CLASS A

EMBANKMEIlT

MBANKMEN

VITRO

Í\4IXED \4IA.STE

Et\4SANKMENT

4u9.1

tvlBANK
BAN ENT

,t

6
stlE LOCÀTtôN

STC BASE

sEcTtoN 32
sil€

1 in. = 833 ft.
CHECKED BY

B. SOBOCINSKI GROUNDWATER CONTOUR MAP
cArE 

il1r12

APRIL 2012 FRESH WATER
APPROVED BY

B. SOBOCINSKI

CLIVE, UTAH

Figure 3

ORÁWN BY

J. LOW

Exnncy,So¿urlohrs



FILE
CORP. LIBRARY

Re:
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Octóber 26,2012 cDt2-0278

Rusty Lundberg, Co-Director
Utah Water Quality Board
195 North 1950 West
P.O. Box 144850
salt Lake city, uT 84114-4850

Groundwater Quality Discharge Permit (cwQDP) ucw450005: source and
Contamination Assessment Study Plan for Thallium at Monitoring Wells GW-26
and GV/-l00, and Selenium at Mqnitoring V/ells GW-l03 and GW-141

Dear Mr. Lundberg:

This letter provides the Source and Contamination Assessment Study Plan for the
presence of background leüels of thallium in groundwater at wells GW-26 a¡d GW-100,
and background levels of selenium in groundw ater at wells GW-l03 and Gw-141.
Wells GV/-26 and GW-100 are located on the south and west sides, respectively, of the
Class A embankment. V/ell GW-I03 is located near the southwest corner of the LARïV
embankment, and well GW-141 is located on the east side of the class A North
embankment. Verbal notification of the out-of-compliance (OOC) status for these
exceedances was provided to the Division of Radiation control (DRC) by
EnergySolutions on October 5,2012, and written notification was provided to DRC on
October 9,2012 (CD12-0263). Table 1 provides the timeline for sampling, detection,
and notification of the groundwater exceedances.

Table I
Timeline for Exceedances

Date Event

6lL3/2012

9/1'7 and9/1812012

1014/20t2

t0t5/2012

10t9/2012

E-mail notification of POOCs sent to DRC

3'd qtr 2012 POOC samples collected

3td qtr 2012 results ¡eceived, second consecutive
exceedances observed

E-mail notification of OOC

Written notification of OOC

423 West 300 South, Su¡le 200 . Salt Lake City, UT 84101. www.energysolutions.com
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Source Assessment: Figures 1,2, and 3 are shallow groundwater elevation contour
maps for April2010, April 2011, and April 2012, respectively. These maps show a
relatively consistent flow direction over the time period for each of the four rnonitoring
wells. The source assessment for each well is províded below.

Gw-26 - To date, only three groundwater samples from well Gw-26 have been
analyzed for thallium. Groundwater flow is from the south-southeast to the north-
northwêst. Flow in the area appears to have been impacted by historical mounding in
the vicinity of wells GW-37 and GW-38R. Waste has not been stored or disposed
upgradient of GW-26. The current footprint of 1 I e.(2) waste ís not upgradient of
GV/-26. The unii,ersal Groundwater Prãtection Level'(GWPL) and rãporting limit
(RL) for thallium are 0.002 milligrams per liter (núL). The exceedances (0.0024
and 0.0023 mgL) likely reflect naturally occurring levels of thallium in groundwarer,
and may possibly be related to analytical uncertainty, since the GWPL and RL are the
same value.

Gw-100 - To date,'eight groundwater samples from well Gw.i 00 have been
analyzed for thallium. Groundwater flow is from the south-southeast to the north-
northwest. As with Gw-26, flow at Gw-100 appears to have been irnpacted by
historical mounding in the vicinity of GW-37 and GW-38R. under these flow
conditt'ons, the Class A embankment is upgradient of GIV-100. Based on the shortest
distance from the edge of waste to GW-100, travel times are approximately 58 years
for groundwater and approximately 106 years for thallium in groundwater. The travel
times are calculated using the April 201 7 average hydraulic gradient for the Claós A
ernbankment provided in the 201 I An¡ual Groundwater Monitoring Repof (March 1,
2012) and the hydraulic conductivity, effective porosit¡ soil density, anì thallium
distribution coefficient provided in the Çlass A West Infiltration and Transport
Modeling Report (November 28,20t1). The class A embankment has recãived
waste for approximately L2 years, and thsrefore, given the travel times above, it is
highly unlikely the embankment is the source of thallium exceedances in groundwater
at GW-l00. Given the low value of the universal GWPL and the limits for analytical
detection of thallium in saline water, the exceedances observed (0.0034 and 0.0029
mg/L) likely reflect naturally occurring levels in groundwater cornbined with
analytical uncertainty.

Gw-103 - Groundwater samples from well GW-l03 have beenanalyzed for
selenium fiom 1999 to present. Increasing selenium concenfrations may be conelated
with increasing groundwater elevations; however, some of the variation in selenium
concentration at GW-103 may be due to changes over time in analytical methods and
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instrumentation. Groundwater flow is fi'om the west-southwest to the east-norlheast.
The influence on flow directions of the mound at GW-60 is exaggerated in Figures I
and2. Regardless,'wáste has not been stored or disposed upgradient of well GW-103.
The CWPL for selenium at GW-I03 is the universal value of 0.05 mg/L. The
exceedances (0,Q67 and 0.055 mg/L) likely reflect naturally occurring levels of
selenir.rm in groundwater, selenium concenirations may be influenced by
geochemical reactions (e.g., dissolution, ion exchange, desorption) associated with
infiltration of surface water in the'vicinity of well GW-103.

G\ry-141 - To date, s'even groundwater samples from.well GW-141 have been
analyzed for selenium. Groundw'ater florv is from southrvest to northeast. The
closest waste is 500 feet upgradient of GW-141 in the Class A embankment.. Waste is
not yet present in the Class A North embankment in the area upgradient of GW-141.
Travel times from GW-141 to the edge of the Class A embankment are.approximately
340 years for groundwater and over 2,000 years for selenium in groundwatei. The
calculations a¡e similar fo those described above for GW- 100. Given these travel
times, selenium concentrations in GW-141 groundwater arenot contamination, but
rath er, repres ent naturally o ccurrin g I ev el s.

Assessment of the Exjent of Contaminafion: There are no data to indicate the presence
of contamination at wells GV/-26, GW-I00, GIM-I03, and GW-141. The wells are either
upgradient of waste disposal embankrnents or travel-time considerations eliminate the
embankments as sources. The observed concentrations of thallium and selenium in
groundwater are naturally occurring. At well GW-l03, the selenium concentration may
have been slightly modified by the presence of recharge from localized areas of surface
water infiltration near the well.

Evaluatio+ of Potential Bemedial Actions: No rernedial action's a¡e warranted at this
time. Ener gySolutions will continue monthly monitoring of thallium at GW-26 and GW-
1Q0 and selenium at GW-103 and GW-141 until sufficient dataare collected to support
preparation of a background-based GWPL exception or until EnergySolu/ions proposes
an alternative action,



ENERGY^So¿wloNs
Mr, Rusty Lundberg

October 26,2012
cDt2-0278
Page 4 of 4

Please'contact me at 801-649-20.00 rvith anyquestions regardingthis subrnittal.

Sinccrely,

IAL-lâ,,
Sean McCandless'
Director of Cornpliance and Permitting

enclosures.

i,;,lhil Goble, DRC (w/ encl.)
Tom Rushing, DRC (w/ encl,)

cc

I cerlif, uder pena lty of law llìat this documett ¿nd all attschments were prepared under my direction or supcruision in accordance with a systcm'
designeö_toassurethatqualifiedpersomelproperlygather¿ndevaluatethiinfonnorionsubmittèd. Bascdonmyinquiryofthep"rronorperrors*¡o
mamge the system, or those Persons directly responsible for gathering, Lhe inforrnation thc infomation submjttcd is,'to ihe best Lfmy knowleoge anu
belieitrue,0ccumte'¿ndcomplctc. Iamawar.thatthctcaËsignificantpenalticsforsubminingfalseinfomtiorçìncluolngrnepo;sibitiryoffineand
imprironment for knowing violatioro.
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December 26,2013

Rusty Lundberg, Co-Director
Utah Division of Water Quality
195 North 1950 West
P.O. Box 144850
Salt Lake City, UT 84114-4850

\Ö Q]

cD13-0358

RECEIVED
DEC 2 6 20ß

DEPARTMENT OF
ENVIRONMENTAL OUALITY

(¡ trisio n

Groundwater Quality Discharge Permit (GWQDP) Number UGW450005: Request for
Compliance Status Change and Request for Modification of Groundwater Protection
Levels (GWPLs)

Dear Mr. Lundberg

This letter requests a retum to baseline monitoring status for several wells presently in probable
out-of-compliance (POOC) and out-of-compliance (OOC) status. This letter also requests
modif,ication of GWQDP UGW45005 to include new or revised background-based GWPL
exceptions. Table 1 lists each well and parameter included in this request, the current status, and
the rationale for the return to baseline status.

Table 1 - Summary of Compliance Status Change Request

Well Parameter
Current
Status

Reason for Return to Baseline Status

GW-24 Selenium POOC -- revised background-based GWPL exception

GW-26 Thallium

GV/-100 Thallium

ooc
ooc

background-based GV/PL exception

background-based GWPL exception

GW-103 Selenium ooc background-based GWPL exception

GW-137 Ra-226+Ra-228 OOC ; background-based GWPL exception

GW-137 Total Uranium OOC background-based G WPL exception

GV/-138 Ra-226+Ra-228 POOC , background-based GWPL exception

GW-138 Selenium ooc ' background-based GWPL exception

GW-141 Selenium ooc background-based GWPL exception

P3-95 NECR Thallium POOC five consecutive quarterly samples below GV/PL

V/ith the exception of selenium at well GW-103, all of the above parameters are curently in
accelerated monitoring status because:

They are associated with relatìvely "new" monitoring wells located north and east of the
Class A West embankment. These wells were completed in the summer of 2009, and
background-based GWPL exceptions have not yet been established for them. The wells

423 West 300 South, Suite 200 . Salt Lake City, UT 84101

www.energysolutions.com

a
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these "new" wells replaced had similar GWPL exceptions (e.g., GW-l13 total uranium
andRa-226+Ra-228).

They are background levels of thallium. ln December 2009,the Division of Radiation
Control (DRC) added thallium as a monitoring parameter to the GWQDP because the
Utah Water Quality Board had recently established a protection level for it. The

drinking-water-based universal GV/PL for thallium, 0.002 milligrams per liter (mgll-), is
equal to the analytical minimum detection limit (MDL). The combination of background
levels of thallium and a universal GWPL established at the limit of detection contribute to
the observed thallium exceedances.

As documented in the Comprehensive Groundwater Quality Evaluation Report, (CD12-0308;
EnergySolutions,20l2a), Energy,Solutions has thoroughly characterized background groundwater
quality at the Clive facility, Continued accelerated monitoring of background conditions is not
necessary for protection of human health and the environment.

Background-Based G\ryPL Exceptions

The enclosed technical memorandum provides details regarding the statistical evaluations used to

develop GWPL exceptions, The Microsofl Excel add-in program Analyse-it (Analyse-it
Software, Lld.,2012) was used to identify outliers, perform normality testing, and to calculate the

mean and standard deviation. Analyse-it is the same statistical package used to perform the
statistical evaluation presented inlhe Comprehensive Groundwater Quality Evaluation Report.

For thallium at well GW-26, the Kaplan-Meier rnethod (Kaplan and Meier, 1958) was used to
calculate the mean and standard deviation of the dataset. This non-parametric method is used to
address left-censored data sets where the frequency of detections is greater than 50%. It is
recommended fol this purpose in the U.S. EPA's Statistical Analysis of Groundwater Monitoring
Data at RCRA Facilities, Unified Guidance (EPA, 2009). This metliod was required because of
tlre number of non-detections in GW-26 thallium dataset.

Table2 provides a summary of the proposed background-based GWPL exceptions.
EnergySoltttions requests modification of the GWQDP to include these GWPL exceptions.
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Well Parameter
Current GWPL or
GWPL Exception

Proposed GWPL
Exception

GW-24 Selenium 0.058 mg/L 0.0634 mglL

GW-26 Thallium 0.002mslL 0,00255 mg/L

GW-100 Thallium 0.002mglL 0.00422mglL

GV/-103 Selenium 0.05 mgll- 0.0580 mg/L

GV/-137 Ra-226+Ra-228 5 pCilL 5.54pCtlL

GW-137 Total Uranium 0.03 mg/L 0.0371mglL

GV/-138 Ra-226+Ra-228 5 pCilL 5.51pCilL
GW-r38 Selenium 0.05 mg/L 0.0695 mglL

GW-141 Selenium 0.05 mg/L 0.0705 mglL

P3-95 NBCR Thallium

Monitoring well P3-95 NECR was first sampled for thallium in November 2009. Twelve P3-95
NECR groundwater samples have been analyzed for thalliurr, and the only result exceeding the
universal GWPL of 0.002 mg/L (also the only result exceeding detection) was 0.00283 nglL in a
sample collected on May 24,2012 as part of the annual event. Subsequently, thallium has been
below detection (and below the GWPL) in five consecutive quarterly samples. EnergySolutions
requests retuming P3-95 NECR to baseline monitoring status based on the following:

The most recent five quarterly thallium results are less than the GWPL. DRC has

previously approverl requests to return wells to haseline monitoring status based on four
and five consecutive quarterly results less than the GWPL (DRC, 2007).

The POOC status is based on a single detection, and detections near the MDL are often
spurious.

Even if the single detection is a representative concentration, it is within the range of
background concentrations obserued in other wells where thallium is detected with some
consistency.

It is thallium. The only thallium isotope reported in the facility manifest inventory
havingahalflife greaterthan12 daysisTl-204,withahalf lifeof 3.78years. The
inventory of Tl-204 in all embankments combined was repofted as 907 .7 milliCuries or
2.1 milligrams of thallium (CD 1 2-03 1 8 ; Energy,So luti on s, 20I2b).

a

o

a

a
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Please contact me at 801-649-2000 with any questions regarding this submittal'

andless
Manager, Compliance and Permitting

cc: Phil Goble, DRC
John Hultquist, DRC

Enclosures

Mr, Rusty Lundberg
December 26,2013

cD13-0358
Page 4 of5

I certif, underpenalry oflaw tlut tlìis doculnent and all attachrnetrts were prepared under rny direction or supervision in accordance witlt a systeln

designËd to assure thãt qualified personnel properly gather and evaluate the infonnation sublnitted. Based on my inquiry of the person or persons wlto

beliefltrue,atcurate,andcornplete. larnawareìrattllerearãsignificìntpenaltiesforsubrnittingfalseinforrnation,includingthepossibilityoffneand
irnprisonlnent for knowing violations.
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TECHNICAL MEMORANDUM

To: Sean McCandless

From: RobertSobocinski û,ú&
Subject: Statistical Evaluation to Support Development of Groundwater Protection Level

(GWPL) Exceptions

Date: December 26,2013

Introduction
In accordance with Part I.8.1 of the GWQDP, the mean plus two standard deviations of
the background concentration was calculated and proposed as a GWPL exception for the
following monitoring wells/parameters:

o GW-24 selenium
o GW-26 thallium
o GW-100 thallium
o GW-103 selenium
o GW-137 sum of radiums
o GW-l37 total uranium
o GW-138 sum of radiums
o GW-138 selenium
o GW-141 selenium

This memorandum summarizes and documents the statistical process used to develop the
GWPL exceptions.

Methodology
The methodology is as follows:

l) Define the data set for statistical evaluation (identify and remove outliers and
remove duplicate results).

2) Perform statistical tests to demonstrate normality.

3) Calculate the proposed GWPL exception as the mean plus two standard
deviations of the data set.

1



The statistical tests performed to demonstrate the normality of the background data sets

are the following:

1) Comparison of skewness and kurtosis to values expected from a normal
distribution,

2) The Shapiro-Wilk test, and

3) The Anderson-Darling test.

Details of the methodology are given in Statistical Evaluation of Groundwater Data
(EnchemicaLLC,2009), submitted to DRC on February 2,2009 (CD09-0031). The
Microsoft Excel add-in program, Analyse-it (Analyse-it Software, Ltd.,2012), was used
to perform the tests. This same statistical package was used to perform the statistical
analyses presented in the Comprehensive Groundwater Quality Evaluation Report
(EnergySolutions,2012). Copies of Analyse-il output files are included in this document

For thallium at well GW-26, the frequency of detection was 56.30/0, and the Kaplan-
Meier method (Kaplan and Meier, 1958) was used to calculate the mean and standard
deviation. This non-parametric method is used to address left-censored data sets where
the frequency of detection is greater than 50o/o. It is cited for this pulpose in the U.S.
EPA's Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unifìed
Guidance ("Unified Guidance," EPA, 2009). Normality testing was not performed in this
case.

Results
Each monitoring well/pararneter is discussed separately in the following sections.

GW-24 Selenium
A background-based Groundwater Protection Level (GWPL) exception of 0.058
milligrams per liter (rng/L) was previously established and approved for selenium in
groundwater at GW-24 (EnchemicaLLC,2009). Due to technical issues with analysis of
selenium in Clive groundwater, Enchemica LLC used only selenium data collected after
January 2005. Because of the identified data issues and to maintain a dataset consistent
with the approach used by Enchemica LLC, this analysis considered only GW-24
selenium data from 2005 to 2013.

The dataset, surnmary statistics, and results of normality testing are provided in Table 1.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table l). Based on these results, selenium concentrations in
groundwater at G'W-24 are normally distributed. No outliers were identified or removed
from the dataset.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 0.0634 mglL (Table 1). One selenium result in the dataset exceeds
this value.

2



GW-26 Thallium
A total of 16 groundwater samples have been collected from GV/-26 and analyzed for
thallium. Nine of the 16, or 56.3% of total samples, were detections. Per the U.S. EPA
Unified Guídance (EPA, 2009), the Kaplan-Meier method is used to calculate estimates
of the mean and standard deviation that account for the left-censored (non-detected)
measurements. Beal (2010) states that because the Kaplan-Meier method is
nonparametric; it is more robust with fewer assumptions than Cohen's Adjustment,
simple substitution, or maximum likelihood estimators when at least half the samples are

detections.

The dataset, summary statistics, and results of the Kaplan-Meier method are provided in
Table 2. The Kaplan-Meier mean and standard deviation were calculated and used to
develop the proposed GV/PL exception of 0.00255 mglL (Table 2). One thallium result
in the dataset exceeds this value.

GW-100 Thallium
GW- 100 groundwater has been analyzed for thallium since 2009. All available data were
used in the statistical analysis to support the calculation of a background-based GWPL
exception. Excluding duplicates, 21 thallium results were available, and 18 of them
(85.7%) were greater than detection limits. In accordance with the Unified Guidance,
because dataset is comprised of less than 15olo non-detections, the non-detections were
used, and the calculations were performed. For the three non-detections, the reporting
limit (RL) was used to represent the results. One-half of the RL, rather than the RL itself,
could have been substituted, but the resulting difference in the GV/PL is negligible
(0.00422 mglL for the chosen method of using the RL itself vs. 0.00442 mglL if usingYz
the RL).

The dataset, summary statistics, and results of normality testing are provided in Table 3.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 3). Based on these results, thallium concentrations in
groundwater at GW-100 are normally distributed. No outliers \Mere identified or removed
from the dataset.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 0.00422m91L (Table 3). One thallium result in the dataset exceeds
this value.

GW-103 Selenium
For the reasons discussed above for selenium at GW-24, this analysis considered only
GW-103 selenium data from 2005 to 2013.

The dataset, summary statistics, and results of normality testing are provided in Table 4.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic

J



is less than its critical value (Table 4). Based on these results, selenium concentrations in
groundwater at G'W-103 are normally distributed

Analyse-it identified three selenium results (the three highest concentrations in the
dataset) as outliers (see Table 4). These results were identified as outliers because they
were outside of 1.5 times the interquartile range. They were removed from the dataset
prior to statistical analysis.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 0.0580 mglL (Table 4). Four selenium results in the dataset exceed
this value. Three of the four were identified as outliers as discussed above.

G\ry-137 Sum of Radiums
GW-137 has been sampled for radium-226 andradium-228 since its installation in2009.
All available radium data were used in the statistical analysis to support the calculation of
a background-based GWPL exception.

The dataset, summary statistics, and results of normality testing are provided in Table 5.

The absolute values of skewness and kurtosis are less than respective critical values, the

Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 5). Based on these results, the sum of radium-226 and
radiun-228 concentrations in groundwater at GW-137 is normally distributed.

Analyse-it identified two results (the highest and lowest concentrations in the dataset) as

outliers (see Table 5). These results were identified because they were outside of 1.5

tirnes the interquartile range. They were removed frorn the dataset prior to statistical
analysis.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 5.54 picoCuries per liter (pCi/L) (Table 5). Two sum-of-radiums
results in the dataset exceed this value. One of the two was identified as an outlier as

discussed above.

GW-137 Total Uranium
GW-l37 has been sampled for total uranium since its installation in2009. All available
total uranium data were used in the statistical analysis to support the calculation of a
background-based GWPL exception.

The dataset, summary statistics, and results of normality testing are provided in Table 6.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 6). Based on these results, total uranium
concentrations in groundwater at GW-137 arc normally distributed. No outliers were
identified or removed from the dataset.
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The mean and standard deviation were calculated and used to develop the proposed
GV/PL exception of 0.0371 mglL (Table 6). No total uranium results from GW-137
exceeded this value.

GW-138 Sum of Radiums
GW-138 has been sampled for radium-226 andradium-228 since its installation in2009.
All available radium data were used in the statistical analysis to support the calculation of
a background-based GWPL exception.

The dataset, summary statistics, and results of normality testing are provided in Table 7.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 7). B6ed on these results, the sum of radium-226 and
radium-228 concentrations in groundwater at GW-l38 is normally distributed. No
outliers were identified or removed from the dataset.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 5.51 pCilL (Table 7). No sum-of-radiums results from GW-138
exceeded this value.

G\ry-138 Selenium
GW-138 has been sampled for selenium since its installation in 2009. All available
selenium data were used in the statistical analysis to supporl the calculation of a
background-based GV/PL exception.

The dataset, surnrnary statistics, and results of nonnality testing are provided in Table 8.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-Wilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 8). Based on these results, selenium concentrations in
groundwater at GW-138 are normally distributed. No outliers were identified or removed
from the dataset.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 0.0695 mglL (Table 8). Two selenium results in the dataset exceed
this value.

GW-141 Selenium
GW-141 has been sampled for selenium since its installation in2009. All available
selenium data were used in the statistical analysis to support the calculation of a
background-based GWPL exception.

The dataset, summary statistics, and results of normality testing are provided in Table 9.

The absolute values of skewness and kurtosis are less than respective critical values, the
Shapiro-V/ilk statistic is greater than the critical value, and the Anderson-Darling statistic
is less than its critical value (Table 9). Based on these results, selenium concentrations in
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groundrwater at GW-l 4I are normally distributed. No outliers \ryere identified or removed
from the dataset.

The mean and standard deviation were calculated and used to develop the proposed
GWPL exception of 0.0705 mglL (Table 9). Two selenium results in the dataset exceed
this value.
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Table 1 - Well GW-24 Selenium Data and Statistical Evaluation

Well ID Date Lab
Used in

Stat. Evalo

Selenium
(mg/L)

GW-24 312412005 AV/AL Y 0.036 J

GW-24 91221200s AWAL Y 0.036 J

GW-24 3t2212006 AV/AL Y 0.043

GW-24 9n412006 AWAL Y 0.040

GW-24 3/1912007 AWAL Y 0.051

GW-24 5/912007 AWAL Y 0.048

GW-24 7123/2007 AV/AL Y 0.051

GW-24 8123/2007 AWAL Y 0.063

GW-24 91t712007 AV/AL Y 0.054

GW-24 t0l4/2007 AWAL Y 0.050

GW-24 tU512007 AWAL Y 0.043

GW-24 1211012007 AV/AL Y 0.044

GW-24 |2212008 AWAL Y 0.043

GW-24 211U2008 AWAL Y 0.043

GW-24 31512008 AWAL Y 0.046

GW-24 413/2008 AWAL Y 0.044

GW-24 516/2008 AV/AL Y 0.047

GW-24 61512008 AWAL Y 0.044

GW-24 7lt0/2008 AWAL Y 0.049

GW-24 8lt'/2008 AWAL Y 0.047

GW-24 91912008 AWAL Y 0.053

GW-24 t011612008 AWAL Y 0.047

GW-24 l|312008 AWAL Y 0.049

GW-24 121912008 AV/AL Y 0.047

GW-24 u1312009 AWAL Y 0.056

GW-24 215/2009 AWAL Y 0.04s

GW-24 3/1012009 AWAL Y 0.053

GW-24 411412009 AWAL Y 0.055

GW-24 s/s12009 AV/AL Y 0.047

GW-24 6l2s/2009 AV/AL Y 0.046

GW-24 7lts12009 AWAL Y 0.047

GW-24 811312009 AWAL Y 0.050

GW-24 911712009 AWAL Y 0.0s2

GW-24 101t412009 AWAL Y 0.055

GW-24 t!3012009 AWAL Y 0.061

GW-24 121812009 AV/AI Y 0.054

GW-24 U2112010 AWAL Y 0.057

GW-24 213/2010 AV/AL Y 0.054

GW-24 313120t0 AWAL Y 0.056

GW-24 4/812010 AWAL Y 0.055

GW-24 sl2sl20t0 AWAL Y 0.060
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Table 1 - Well GW-24 Selenium Data and Statistical Evaluation

(¿\¿n(tA
ín,, A,af

u Duplicate results not used in statistical analysis

AV/AL : American V/est Analytical Laboratories

Date Lab
Used in

Stat. Evala

Selenium
(mg/L)Well ID

0.0563GW-24 8lt2l20t0 AWAL Y
GW-24 t0lt9l20t0 AWAL Y 0.0538

3l22l20tt AWAL Y 0.0564GW-24

Y 0.0458GW-24 6l28l20tt AWAL

GW-24 9lt9/20t1 AWAL Y 0.0543

GW-24 t2lt5l20tt AWAL Y 0.0483

!10/2012 AWAL Y 0.0424GW-24

Y 0.051 IGW-24 412/2012 AWAL
GW-24 9/t8120t2 AWAL Y 0.0s60

GW-24 Dup. 9/1812012 AV/AL N 0.0600

tllr5/20t2 AWAL Y 0.0463GW-24

Y 0.0698GW-24 3lt8l20t3 AWAL
GW-24 412912013 AWAL Y 0.0507

GW-24 9lt0l20t3 AV/AL Y 0.0598

Number of samples 54

0.0360Minimum

0.0698Maximum

0.0500Median

0.0502Mean

Standard Deviation 0.0066

Variance 4.348-05

Mean * 2 standard deviations 0.0634

0.306Skewness

2 x standard error of skewness (SES) 0.667

0.528Kurtosis

1.3332 x standard error of kurtosis (SEK)

ùnaprr( 0.981Wilk test statistic

Shapiro-V/ilk test critical value (ct: 0.05) 0.947 |

Anderson-Darling test statistic 0.344

Anderson-Darling test critical value (cr: 0.05) 0.752

Number of analyses greater than proposed GWPL exception I

Percent of analyses greatü than proposed GWPL exception 19%
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Date Lab
Used in

Stat. Evalo

Thallium
(mg/L)Well ID

Y < 0.00100 ¡GW-26 5l26l20tt AWAL
GW-26 4126120t2 AWAL Y 0.00235

GW-26 9lt7l20t2 AWAL Y 0.00231

AWAL Y 0.00247GW-26 t0/29/20t2
0.00226GW-26 rU2U20t2 AWAL Y

GW-26 t2l6/2012 AWAL Y < 0.00200

GW-26 1128/2013 AWAL Y < 0.00200

AWAL Y < 0.00200GW-26 2/1s/2013

0.00236GW-26 3lrL/2013 AWAL Y

GW-26 4/2/2013 AWAL Y < 0.00200 J

GV/-26 5lt6l20t3 AV/AL Y 0.00203

AV/AL Y < 0.00200GW-26 6/4/2013

Y < 0.00200GW-26 71912013 AV/AL
GW-26 8/1212013 AWAL Y 0.00234I

GW-26 91912013 AWAL Y 0.00256

AWAL Y 0,00217GW-26 1012U2013

Number of samples 16

< 0.00100Minimum

0.00256Maximum

0.00210Median

0,00212Meanb

Standard Deviationb 0.00035

Varianceb t.258-07

0.00219Kaplan-Meier Mean

Kaplan-Meier Standard Deviation 0.00018

3.23E-08Kaplan-Meier Variance

Kaplan-Meier Mean + 2 standard deviations 0.00255

Number of analyses greater than proposed GWPL exception 1

Percent ofanalyses greater thanproposed GV/PL exception 6.3%

Table 2 - Wetl GW-26 Thallium Data and Statistical Evaluation

' Duplicate results not used in statistical analysis
b Calculation includes non-detections, reporting limit substituted for each non-detectior

AWAL: American West Analytical Laboratories

cø'^)
0,\a'L

t^s/L
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Used in

Stat. Evalo

Thallium
(mg/L)\ilell ID Date Lab

< 0.0020GW-100 t2t1/2009 AWAL Y
GVt/-100 3/8/2010 AWAL Y <0.00t0

GVV-100 4129120t0 AV/AL < 0.0010

GW-100 8/3120t0 AV/AL 0.00182

G\ry-100 t2/8/2010 A\ryAL Y 0.00120

GW-100 6/8/2011 A\ryAL Y 0.00187

GW-100 5/9/2012 A\ryAL Y 0.00335

GW-100 9/18/2012 A\ryAL 0.00288

GW-100 t0/29/2012 AIù/AL Y 0.00361

GW-100 Dup. 10t29/20t2 AWAL N 0.00282

GW-100 t1t15/2012 AWAL 0.00275

GW-100 Dup. 11t15/2012 AV/AL N 0.00273

GV/-100 12/4/2012 AV/AL 0.00346

GW-100 Dup. 12/4/2012 AWAL N 0.00286

GV/-100 1/10/2013 AV/AL Y 0.00285

GW-100 Dup. 1/10/2013 AWAL N 0.00421

GW-100 2/14/2013 AV/AL Y 0.00305

GW-100 Dup. 2/14/2013 AWAL N 0.00292

GW-t00 3/t8t20t3 AWAL Y 0.00259

GW-100 Dup. 3/18t20t3 AWAL N 0.00266

GW-100 4/8/2013 AWAL 0.00257

GW-r00 5/2/2013 AWAL Y 0.00267

GW-100 Dup. 5/2/2013 AWAL N 0.00267

cw-100 612312013 AWAL Y 0.00439

GW-100 Dup. 612312013 AWAL N 0.00254

GVV-I OO 1/812013 A\ryAL Y 0.00255

G'W-100 Dup. 71812013 A\ryAL N 0.00398

GW-100 812212013 AWAL Y 0.00202 J

GW-100 Dun. 8/22/2013 AWAL N 0.00285 l
GW-100 940/2013 AV/AL 0.00250

GW-l00 Duo. 9^0/2013 AV/AL N 0.00241

GV/-100 10/24/2013 AWAL 0.00261

GW-100 Dun. 10/2412013 AWAL N 0.00257

Nurnber of sarlples 2t

0.001 0Mininrurn

Maxirlurn 0.0044

Median 0.0026

Mean 0.0025

Standard Deviation 0.0009

7.338-07Variance

Mean * 2 standard deviations 0.00422 I

Skewness -0.030

2 x standald enor ofskewness (SES) 1.069

0.167Kurtosis

x standard error ofkurtosis 2.138

test statistic 0.963

test critical value 0.908

Andelson-Dallina test statistic 0.357

Andelson-Dalling test cl'itical value (c = 0.05) 0.752

Nurnber of analvses gleater than Þr'oposed GWPL exceÞtion I
4.8%Percent ofanalyses gleater than ploposed GWPL exception

Table 3 - Well Grù-l00 Thallium Data and Statistical Evaluation

u Duplicate lesults not used in statistical analysis

AWAL = American West Analytical l¿boratories
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Selenium
(mg/L)

ìilell ID Date Lab
Used in

Stat. Evala

AWAL Nì, 0.09ó JGW-103 313012005

GW-103 Dup 3/301200s AWAL N < 0.005

GW-103 10t6t2005 AV/AL Y 0.044

AWAL Y 0.046GW-103 4/18t2006

GW-103 101912006 AWAL Y 0.038

GW-103 4t30t2007 AWAL Y 0.042

AWAL Y 0.033GW-103 10t3t2007

GW-103 41212008 AWAL Y 0.042

0.046GW-103 9ns/2008 AV/AL Y
311012009 AWAL 0.045GV/-103

G\ /-103 t2l9/2009 AV/AL Y 0.045

Y 0.0428GW-I03 7126/20t0 AWAL

GW-103 6113t2011 AV/AL Y 0.0440

GW-103 4/10t2012 AWAL NO 0.0673

AWAL Y 0.0553GW-103 9t1812012

GW-103 10/29/2012 AV/AL Y 0.0479 J

0.0446GW-103 11t15/2012 AWAL Y
t2t4t20t2 AWAL Y 0.0470GW-103

GV/-103 111012013 AWAL Y 0.0591

Y 0.0408 JGÌV-I 03 2t14t2013 AWAL

GV/-r 03 3t1t/2013 AV/AL NI, 0.0673

GV/-l 03 411012013 AV/AL Y 0.0424

Y 0.0496GW-r03 st9t20t3 AWAL

GV/-l 03 6/26t2013 AV/AL Y 0.0387 J

GV/-l 03 71812013 AV/AL Y 0.0334

AV/AL Y 0.051 7GW-103 8t22t2013

GV/-103 9t1ll20t3 AV/AL Y 0.0578

GW-103 1012412013 AWAL Y 0.043 r

Nurnber of sarnples 24

0.0330Minimuln

0.0591Maxinrurn

Median 0.0443

0.0450Mean

Standard Deviation 0.0065

4.21B-05Variance

0.0580 iMean * 2 standard deviations

Skewness 0.429

t.0002 x standard erro¡ ofskewness (SES)

0.502Kurtosis

x standard error ofkurtosis 2.000

Wilk test statistic i 0.9s 1

0.91Wilk test critical value o = 0.05)

Anderson-Da¡ling test statistìc 0.523

Anderson-Darling test critical value (6¡ = 0.05) 0.752

Number of analyses greater than proposed GWPL exception 4

Percent of analyses greater than proposed GWPL exception 16.7%

Table 4 - Wetl G\il-103 Selenium Data and Statistical Evaluation

u Duplicate results not used in statistical analysis
b Identified as an outlier, not included in statistical analysis

AWAL: American West Analytical Laboratories
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Wetl ID Date Lab
Used in

Stat. Evala

Radium-226
(pCi/L)

Radium-228
(pCVL)

Sum of Radiums
(pci/L)

Nb 1.83 + 0.26 < 0.59 + 0.21 2.42 + 0.33GV/-137 tU5/2009 TAR
1.52 + 0,23 3.89 + 0.41GW-137 Dup. tU5/2009 TAR N 2.37 + 0.34

3.66 + 0.46GW-137 2lt6l20r0 TAR Y 2.31 + 0.39 1.35 + 0.24

GW-137 4/28/20t0 TAR Y 2.17 + 0.40 1.76 + 0.23 3,93 + 0.46

GV/-137 712212010 TAR Y 2.65 + 0,34 1.63 + 0.29 4.28 + 0.45

GW-137 513/20t1 TAR Y 3.40 + 0.38 1.73 + 0.38 5.13 + 0.54

GW-137 7lt4l20tt TAR Y 2.79 + 0.34 L65 + 0.27 4.44 + 0.43

TAR Y 3.07 + 0.66 2.46 + 0.34 5,53 + 0.74GW-137 t2lt5/20tt
2.44 + 0.59 1.93 + 0.27 4.37 + 0.65GV/-137 Dup. t2lrs/2011 TAR N

1.39 + 0.45 4.30 + 0.85GV/-137 Ut0/2012 TAR Y 2.9t + 0.72

5.14 + 0.91GW-137 Dup. ut0/2012 TAR N 2.98 + 0,75 2.16 + 0.51

GV/-137 2/27120t2 TAR Y 2.68 + 0.52 1.62 + 0.47 4.30 + 0.70

GW-l37 Dup. 212712012 TAR N 2,96 + 0.61 2.71 + 0.50 5.67 + 0.79

GW-137 3lt5l20t2 TAR Nb 3.57 + 0.81 3,23 + 0.40 6.80 + 0.90

GV/-137 Dup 3lt5l20t2 TAR N 2.67 + 0.66 2.42 + 0.32 5.09 + 0.73

Y 2.74 + 0.44 2.14 + 0.31 4.88 + 0.54GW-137 4123/20t2 TAR
2.41 + 0.43 2.18 + 0.32 4.59 + 0.54GV/-137 518120t2 TAR Y

4.28 + 0.55GW-137 Dup sl8l20t2 TAR N 1.95 + 0.47 2.33 + 0.28

GV/-137 612812012 TAR Y 3.00 + 0.57 1,92 + 0,40 4.92 + 0.70

GW-137 Dup 6t2812012 TAR N 2.67 + 0.55 l.ll + 0.40 3.78 + 0.68

GW-137 712612012 TAR Y 2.34 + 0.70 2.21 + 0.43 4.55 + 0.82

TAR N 3.15 + 0.68 1.51 + 0.56 4.66 + 0.88GV/-137 Dup 712612012

2.79 + 0.61 2.44 + 0.26 5.23 + 0.66GV/-137 8t24120t2 TAR Y
1.81 + 0.17 4.48 + 0.38GW-l37 Dup 812412012 TAR N 2.67 + 0.34

GV/-137 9lt9/2012 TAR Y 2.70 + 0.47 2.09 + 0.29 4.79 + 0.55

GV/-137 Dup. 9lt9/2012 TAR N 2.85 + 0.41 1.9'7 + 0.29 4.82 + 0.50

GV/-137 1012912012 TAR Y 2.84 + 0.40 t.65 + 0.32 4.49 + 0.51

GW-137 Dup. 10129120t2 TAR N 2.71 + 0.35 1.59 + 0.29 4.30 + 0.45

TAR Y 3.09 + 0.38 1.99 + 0.35 5.08 + 0.52GV/-137 tUt5l20r2
N 296 + 0.37 1.89 + 0.35 4.85 + 0.51GV/-137 Dup. 1111s12012 TAR

1.68 + 0.27 4.74 + 0.50GV/-137 t2/412012 TAR Y 3.06 + 0.42

3.83 + 0.48GW-l37 Dup. t2l4l2012 TAR N 2.03 + 0.41 1.80 + 0.24

GW-137 1lt0l20t3 TAR Y 3.25 + 0.49 1.94 + 0.30 5.19 + 0.57

GW-137 Dup. Ut0l20t3 TAR N 2.40 + 0.44 1.89 + 0.23 4.29 + 0.50

GW-137 2126/2013 TAR Y 2.79 + 0.46 1.64J + 0.32 4,43 + 0.56

TAR N 2.35 + 0.39 1.47 I + 0.24 3.82 + 0.46GV/-137 Dup. 2126/20t3

1.58 J + 0.30 4.49 + 0.45GW-137 3lt8/2013 TAR Y 2.91 + 0.34

GW-l37 Dup. 3lt\l20t3 TAR N 1.57 + 0.38 1.75 J + 0.23 3.32 + 0.44

GW-137 412212013 TAR Y 3.16 + 0.33 1.82 + 0.40 4.98 + 0.52

s19l20t3 TAR Y 3.38 + 0.35 1.88 + 0.38 5.26 + 0.52GV/-137

2.54 + 0.32 2.03 + 0.41 4.57 + 0.52GV/-137 Dup. s19l20t3 TAR N

Table 5 - \ilell GW-137 Sum of RadÍums Data and Statistical Evaluation
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Table 5 - Well GW-137 Sum of Radiums Data and Statistical Evaluation

Sum of RadÍums
(pCi/L)Well ID Date Lab

Used in

Stat. Evalu

Radium-226
(pCiiL)

Radium-228
(pCi/L)

GW-137 612612013 TAR Y 2.77 + 0.30 t.1t + 0.41 4.48 + 0.51

GW-I37 Dup 6/2612013 TAR N 2.41 + 0.29 t.86 + 0.47 4.27 + 0.55

71812013 TAR Y 2.90 + 0.32 1.85 + 0.39 4.75 + 0,50GW-137

N 2.86 + 0.31 1.69 + 0.38 4.55 + 0.49GW-I37 Dup 71812013 TAR
2.86 + 0.34 1.45 + 0.41 4.31 + 0.53GV/-137 812212013 TAR Y

1.46 + 0.39 4.32 + 0.50GV/-137 Dup 812212013 TAR N 2.86 + 0.31

GW-137 9lt0l20t3 TAR Y 3.00 + 0.32 1.87 + 0.39 4.87 + 0.50

GV/-137 Dup 9lt0l20t3 TAR N 2.69 + 0.30 1.87 + 0.37 4.56 + 0.48

Number of samples 26

Minimum 3.66

Maximum 5.53

Median 4.67

Mean 4.68

Standard Deviation 0.432

Variance 0.1 87

Mean * 2 standard deviations 5.54

Skewness -0.213

2 x standard enor of skewness (SES) 0.961

Kurtosis 0.048

2 x standard error of kurtosis (SEK) t922

Shapiro-Wilk test statistlc , 0.980

Shapiro-Wilk test critical value (cr: 0.05) 0.920

Anderson-Darling test statistic 0.236

Anderson-Darling test critical value (q: 0.05) 0.'t52

Number of analyses greater than proposed GWPL exception 2

Percent of analyses greater than proposed GWPL exception n 10/t,t/o

l"s',*,rt',

h/tL .

( (71

u Duplicate results not used in statistical analysis
b Identified as an outlier, not included in statistical analysis

TAR : TestAmerica Richland
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Well lD Date Lab
Used in

Stat. Eval"

Total
Uranium
(mg/L)

GW-137 t1l5/2009 TAR Y 0.0230

GW-137 Dup. |/s/2009 TAR N 0.023'7

GV/-137 2/16/2010 TAR Y 0.0179

GV/-1 37 4/2812010 TAR Y 0.0154

GW-137 7/2212010 TAR Y 0.0184

GW-137 sl3/2011 TAR Y 0.0270

GV/-137 412312012 TAR Y 0.0354

GW-137 9lt9/2012 TAR Y 0.029r

TAR N 0.03 19GW-137 Dup. 9lt9/2012

GV/-137 t0/29/2012 TAR Y 0.0331

Grü-137 Dup. tol29/2012 TAR N 0.0279

GV/-1 37 l1ll5/2012 TAR Y 0.0358

G'W-137 Duo. lt ll5/2012 TAR N 0.0335

GW-137 12/4/2012 TAR Y 0.0296

GW-137 Dup. 12l4/2012 TAR N 0.0238

GW-137 lll0/2013 TAR Y 0.0289

GW-137 Duo. U10/20t3 TAR N 0.0253

GW-137 2/26/2013 TAR Y 0.0241

GW-l37 Dup. 2/2612013 TAR N 0.0249

GW-137 3/1812013 TAR Y 0.0237

3118/2013 TAR N 0.0252GW-137 Dup.

GW-137 4122/2013 TAR 0.0260

GV/-137 5/912013 TAR Y 0.0291

GW-137 Duo. s/9/2013 TAR N 0.0240

GV/-1 37 6/2612013 TAR Y 0.0212

GW-137 Dup. 6/26t2013 TAR N 0.0249

G\ry-13 7 7/8/2013 TAR Y 0.0202

GW-137 Duo. 718/2013 TAR N 0.0235

G'W-137 812212013 TAR Y 0.0259

GW-137 Dup. 8/22/2013 TAR N 0.0245

GW-137 9ll0/2013 TAR Y 0.021 8

TAR N 0.0234GW-137 Dup. 9fi0/2013

Nurnber of sarnples 19

Minirnunr 0.0t 54

Maxirnunr 0.0358

Median 0.0259

Mean 0.0256

Standard Deviation 0.0058

Variance 3.34E-05

Mean * 2 standard deviations 0.0371 i

Skewness 0.152

2 x standard enol ofskewness (SES) 1.124

Kurtosis -0.6t2

x standard emor ofkufiosis 2.248

Shapiro-rWilk test statistic 0.975 .

rrlVilk test critical value 0, = 0.0 0.901

Anderson-Darling test statistic 0.167

Anderson-Dalling test critical value (a = 0.05) 0.752

Numbel of analvses greater than ploÞosed GWPL exception 0

Percent ofanalyses gleater than ploposed GWPL exception 0.0%

Table 6 - Well Gril-137 Total Uranium Data and Statistical Evaluation

o Duplicate results not used in statistical analysis

TAR : TestAmelica Richland

r"\f 
o\.1, ^,,^

*ï,ot nt,, t
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Table 7 - Well GW-138 Sum of Radiums Data and Statistical Evaluation

Used in

Stat. Eval"
Radium-226

(pci/L)
Radium-228

(pci/L)
Sum of Radiums

(pCi/L)Well ID Date Lab

4.59 + 0.47tU512009 TAR Y 2.34 + 0.24 2.25 + 0.40GW-138

1.91 + 0.24 t.77 + 0.38 3.68 + 0.45GW-138 211612010 TAR Y
TAR Y 2.17 + 0.25 2.46 + 0.44 4.ó3 + 0.51GV/-138 412812010

1.17 + 0.24 1.91 + 0.38 3.68 + 0.45GVi/-138 712212010 TAR Y
TAR Y 1.68 + 0.24 2.09 + 0.39 3.71 + 0.46GV/-138 s1312011

2.52 + 0.31 2.64 + 0.48 5.t6 + 0.57GW-138 412312012 TAR Y
TAR Y 2.49 + 0.29 2.16 + 0.44 4.65 + 0.53GW-138 9n912012

2.35 + 0.33 2.57 + 0.42 4.92 + 0.53GV/-138 1vts12012 TAR Y
TAR Y 1.86 + 0.25 1.80 + 0.42 3.66 + 0.49GW-138 311812013

1.05 + 0.21 2.tl + 0.39 3.16 + 0.44GV/-138 412212013 TAR Y
TAR N 2.10 + 0.26 2.25 + 0.41 4.35 + 0.49G'W-138 Dup. 412212013

2.48 + 0.29 2.04 + 0.40 4.52 + 0.49GV/-138 9lr0l20t3 TAR Y
umber of 1l

Minimum 3.16

Maximum 5. l6

Median 4.52

Mean 4.22

Standard Deviation 0,646

Variance 0.41 8

Mean * 2 standald deviations 5.51

Skewness -0.169

2 x standard error ofskewness (SES) 1.477

Kurtosis -L348

2 x standard error o1'kurtosis (SEK) 2.954

Wilk test statistic r0.91t

Wilk test critical value :0 0.850ct

Andelson test statistic 0.547

test clitical value 0.752c¿ : 0.0

Nulnber of analyses greater than proposed GV/PL exception 0

Pelcent of analyses gl'eater than proposed GWPL exception 0.0%

-f l r"o'

/,"7'n

u Duplicate lesults not used in statistical analysis

TAR : TestArnerica Richland
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Date Lab
Used in

Stat. Evalo

Selenium
(mg/L)Well ID

Y 0.0520GW-138 t|s12009 AWAL
GW-138 2lt6l2010 AV/AL Y 0.0510

GW-138 4128/2010 AWAL Y 0.0s00

AWAL Y 0.0518GW-138 7122/2010

0.042rGV/-138 t0lt9l20t0 AWAL Y

GW-138 Dup t0lt9l20r0 AWAL N 0.04t7

GV/-138 3/2212011 AWAL Y 0.0462

AV/AL Y 0.0482GW-138 513/2011

Y 0.0ss0GW-138 7 /t4l20rt AV/AL
GW-138 t2lt5/2011 AWAL Y 0.0567

GW-138 Dup t2lt5/2011 AWAL N 0.0s74

AWAL Y 0.0575GV/-138 Ut0/2012

N 0.0584GW-138 Dup. Ut0/2012 AWAL
GW-138 2127/2012 AWAL Y 0.0487

GV/-138 Dup. 2127/2012 AWAL N 0,047s

AWAL Y 0.0464GV/-138 3lt5/2012
0.0474GV/-l38 Dup. 3l1s/2012 AWAL N

GV/-138 412312012 AWAL Y 0.0586

518120t2 AV/AL Y 0.0681GW-138

N 0.0554GW-l38 Dup. 51812012 AWAL
GW-138 612812012 AV/AL Y 0.0642

GW-I38 Dup. 6/2812012 AV/AL N 0.0768

AV/AL Y 0.0724GW-138 712612012

0.0663GV/-I38 Dup. 7/2612012 AWAL N

GV/-138 812412012 AV/AL Y 0.0596

812412012 AWAL N 0.0596GV/-138 Dup.

Y 0.0584GV/-138 9lt9l20t2 AV/AL

0.0491 JGW-138 10129/2012 AV/AL Y
GV/-138 Dup. 1012912012 AWAL N 0.0498 J

t|rs12012 AWAL Y 0.0428GW-138

N 0.0445GV/-138 Dup. tUrsl20t2 AWAL
GW-138 12l4l20t2 AWAL Y 0.0494

GW-138 Ut0l20t3 AWAL Y 0.0620

2t26/2013 AWAL Y 0.0560GV/-138

Y 0.060sGV/-138 3n8/2013 AWAL
GV/-138 4122/2013 AWAT Y 0.0456

4122/2013 AWAL N 0.0474GW-138 Dup.

Y 0.0549GV/-138 st9l2013 AWAL
GV/-138 6126/2013 AWAL Y 0.0425I

AV/AL Y 0.0344GW-138 71812013

Table I - Welt GW-138 Selenium Data and Statistical Evaluation
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GW-138 812212013 AWAL Y 0.0528

GW-138 9lt0l20t3 AWAL Y 0.0605

GV/-r38 1012412013 AV/AL Y 0.0499

Number of samples 3l
Minimum 0.0344

Maximum 0.0724

Median 0.0520

Mean 0.0531

Standard Deviation 0.0082

Variance 6.65E-05

Mean * 2 standard deviations 0.0695'

Skewness 0.156

2 x standard error ofskewness (SES) 0.880

Kurtosis 0.267

2 x standard error of kurtosis (SEK) 1.760

Shapiro-Wilk test statistic 0.991

Shäpiro-Wilk test critical value (cr = 0.05) 0.929 t

Anderson-Darling test statistic 0.1 58

Anderson-Darling test critical value (ct: 0.05) 0.752

Number of analyses greater than proposed GV/PL exception 2

Percent ofanalyses greater than proposed GV/PL exception 65%

Table 8 - Well GW-138 Selenium Data and Statistical Evaluation

(¡rtf's
ô-6

,. 11 ,lt-
0 $¿r5

( nï/P

u Duplicate results not used in statistical analysis

AV/AL: Anerican West Analytical Laboratories
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Table 9 - \ilell G\il-141 Selenium Data and Statistical Evaluation

\ilell ID Date Lab
Used in

Stat. Evaln

Selenium
(metL)

GW-141 11/512009 A}VAL Y 0.0530

GW-14l 211612010 AWAL Y 0.0470

211612010 AWAL N 0.0450GW-l4l Dup.

4/28/20r0 AWAI, Y 0.0490GV/-14t

4/28/2010 AWAL N 0.0490GW-141 Dup.

7/2'.7/2010 AWAL Y 0.0433GV/-141

AIù/AL N 0.04s2GW-l4l Dup. 7/2'.7/2010

AWAL Y 0.0479GV/-l4l s/3/2011

A\ryAL Y 0.0566G'W-l4l 4n3D0t2
AV/AL Y 0.0581GW-l4l 9t19D012

t0/29/2012 AWAL Y 0.0547 IGW-141

11/1s/2012 AWAL Y 0.0496GV/-141

t2t4/2012 AV/AL Y 0.0546GVi/-141

GW-141 Duo. t2t4/20t2 AV/AL N 0.0592

GW-141 ut0n0t3 AWAI- Y 0.0667

G\{-141 Duo. 1/10t2013 AWAL N 0.07 t4
GV/-I4I 2/r4/2013 AWAI, Y 0.0581

2/14/201,3 AWAL N 0.0585GW-l4l Dup.

AWAI, Y 0.0699GVl/-141 3/18/2013

AWAL N 0.0725GW-l4l Dup. 3/t8/2013

AWAL Y 0.0493GW-141 4/24/2013

0.0523GW-l4l s/9t2013 AWAL

N 0.0588G'W-l4l Dup. 519/2013 AWAL
0.0421 JGW-t4l 612612013 AV/AL

GW-l41 Dup. 612612013 AWAL N 0.04s 1 J

GW-l4l 7t812013 AWAL Y 0.0419

GW-141 Dup. 718t2013 AWAL N 0.041I

c\ry-l4l 8/22/2013 AWAI- 0.0629

G\{-l4l Dur¡. 8/22/2013 AWAI, N 0.0ó09

GW-141 9/t0/2013 AWAI, 0.0674

GW-141 Dup. 9t10t2013 A\ilAI- N 0.0647

GVV-t41 1012412013 AV/AI, 0.0573

G'W-l4l Dup. 10124120t3 AV/AL N 0.0581

Nunrber of sarnÞles 20

Mirrilnurn 0.0419

Maxinrunr 0.0699

Median 0.0538

Mean 0.0541

Standard Deviation 0.0082

Vadance 6.76F.05

Mean a 2 standard deviations 0.0705 I
Skewness 0.366

2 x standald erlor ofskewness (SES) 1.095

Kurtosis -0.568

2 x standard enor ofkurtosis (SEK) 2.t91

Shapiro-Wilk test st¿tistic t 0.957 r

Shapiro-Wilk test critical value (a = 0.05) , 0.905

Andelson-Darlins test statistic 0.266

A¡delson-Darlins test critical value (o: 0.05) 0.752

Nurnber of analvses sr€atel' than Dr ooosed GWPL exceotion 2

Percent ofanalyses greatel than ploposed GWPL exception 10.0%

p,rl,.';.0?¡( ov¡

úÐrv 6,pS 
*/Þ

u Duplicate results not used in statistical analysis

AWAL: Arnedcan Vy'est Anal¡ical l¿bolatories
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