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were calculated as the difference between the natural log of the measured concentration and the calculated 
(natural log) concentration. 

3.4 Yearly Mean and Upper and Lower Confidence Limit Calculation 

Yearly mean concentrations ( C111ea11) were estimated from the fitted concentrations as follows : 

1 ,, 
ln(C,,,ean (t0 , t 1 )) = --f (a- j]t + /31x (t))dt 

{) -{0 I 
0 

where n is the number of concentrations fitted daily for the entire year. 

(Equation 3 .2) 

UCLs and LCLs were calculated by first determining a yearly mean river stage. Next, the calculated 
concentration for the year was determined based on the yearly mean river stage and the Tobit model 
regression. The UCL and LCL was then calculated as follows : 

L C L = c meanJ<S +{(-df ,a/2 Xa) 

where: 

(Equation 3.3a) 

(Equation 3.3b) 

• C111ea11,RS is the calculated yearly mean concentration based on the yearly mean river stage [µg/L or 
pCi/L], 

• ldf a is the upper 100% - a quantile of Student' s t distribution with df degrees of freedom, 
• a is the significance level based on a confidence limit of 95% (0.05), 
• dfis the number of data points minus the number of parameters fit by the regression, and; 
• (J estimates the standard deviation of the concentration based on the yearly mean river stage and 

the variance-covariance matrix of the regression coefficients. 

3.5 Time to Clean-up Calculation 

The time-to-clean-up (i.e., the expected time required to achieve or demonstrate attainment) was 
calculated in a similar manner to the yearly mean concentrations and associated upper and lower 
confidence limits. The regression equation that was fit to the measured data values was used to calculate 
future (post-2014) yearly mean concentrations based upon an assumed future river stage using Equations 
3.1 and 3.2. The future yearly average river stage was assumed to be the average river stage of the 
previous 11 years (2004 - 2014). Upper and lower confidence limits for future calculated concentrations 
were calculated using Equations 3.3a and 3.3b. The time to clean-up was calculated by determining when 
the calculated yearly-average concentration fell below the target clean-up level listed in the ROD 
(Table 3.6). The upper and lower confidence interval on the time to clean-up was calculated by 
determining when the UCL of the annual average concentration and LCL of the annual average 
concentration fell below the target clean-up level listed in Table 3.6. 
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Table 3.6 Target Cleanup Levels 

Contaminant of Concern (COC) Target Cleanup Level 

cis-1,2-DCE 16 µg/L 

Gross Alpha 15 pCi/L 

Nitrate (as NO3) 45 mg/L 

TCE 4 µg/L 

Tritium 20,000 pCi/L 

Uranium 30 µg/L 

•Target cleanup date not specified in ROD. A date of 2050 was used as a basis for calculations 
presented in this document: however, th is date does not constitute a legally binding target cleanup 
date. 

l>Target cleanup date of 2041 was used for calculations with gross alpha to coincide with the target 
cleanup date specified in the ROD for uranium, the primary alpha-emitting COC at the Site . 
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4 Assumptions and Inputs 

The following is a summary of assumptions made in this analysis: 

• The MDL and MDA are independent of concentration and activity. 

• Annual average future river stage is not significantly impacted by climate change or 
anthropogenic effects, and the flow regulated by the Priest Rapids Dam will not vary significantly 
in the future. These assumptions collectively assume that conditions over the last 11 years are 
reasonably representative of conditions for the period over which calculations of future 
concentrations are made. 

• Concentrations observed at a well are not significantly impacted by active remediation activities 
at the site for the period over which calculations are made. This includes the well/COC pairs 
listed in Table 3.4, because start (and end) dates for the regression analyses were chosen to occur 
when listed site activities are not significantly impacting these wells. 

The results of the calculations presented in this document, including the relative ranking of wells as 
presenting a low, moderate or high concern, are based on the application of statistical methods to sample 
data sets of varying size, degree of censoring and historical coverage, among other factors. Assessments 
made on the basis of the output of these calculations - such as, the assignment of relative ranks to the 
wells - should be interpreted in light of the number of sample results, the level of censoring (i.e., number 
of non-detect results), the historical period for which data are available, the historical period over which 
the Tobit regression was applied, and the fit achieved from the regression (i.e., R2). 
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5 Software Applications 

Calculations were performed using the public domain computing platform R (version 3.1.2 published 
l 0/31 /2014). R provides data manipulation, calculation, and graphical display capabilities to support data 
analysis (Venables et al , 2010). It is freely available to the public and can be compiled and run on a variety 
of platforms. The base installation of R contains statistical and plotting functions and many more are 
avai lable for download through the Comprehensive R Archive Network (CRAN). The R routines described 
above were independently checked and verified by detailed review as part of the preparation of this 
calculation. Development of software quality assurance documentation for this set of routines under 
CHPRC's controlled software management procedure would permit this process to be handled through 
software acceptance testing, rather than by detailed review and verification of each application of these R 
routines. Accordingly, preparation of software quality assurance documentation is recommended to support 
efficient future applications of these R routines. 

Several R packages were used for this analysis. These packages were downloaded from the CRAN and are 
listed in Table 5.1. 

Table 5.1 R Packages Used for Calculations 

I R Package Package Description Version I 

bdsmatrix Routines for Block Diagonal Symmetric matrices 1.3-2 

censReg Censored Regression (Tobit) Models 0.5-20 

chron Chronological objects which can handle dates and times 2.3-47 

data .table Extension of data.frame 1.9.4 

Formula Extended Model Formulas 1.2-1 

glmmML Generalized linear models with clustering 1.0 

magrittr A Forward-Pipe Operator for R 1.5 

maxlik Maximum Likelihood Estimation 1.2-4 

misc Tools Miscellaneous Tools and Utilities 0.6-16 

packrat A Dependency Management System for Projects and their R 0.4.3 
Package Dependencies 

plm Linear Models for Panel Data 1.4-0 

plyr Tools for splitting , applying and combining data 1.8.3 

Repp Seamless R and C++ Integration 0.12.0 

reshape2 Restructure and aggregate data 1.4.1 

sandwich Robust Covariance Matrix Estimators 2.3-3 

stringi Character String Processing Facilities 0.5-5 

stringr Make it easier to work with strings 1.0.0 
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Table 5.1 R Packages Used for Calculations 

Package Description 

S3 Infrastructure for Regular and Irregular Time Series (Z's Ordered 
Observations) 

Version 

1.7-12 

In addition to the CRAN packages listed in Table 5.1 , several functions specific to the calculations 
performed in this document were incorporated into a user-defined R package called " sspaTrendAnalysis" . 
This package, along with those listed in Table 5.1 , was provided in a zip file accompanying this 
document, which is named "PACKRATsspaTrendAnalysis.tar.gz" . 

The calculations were perfonned with the following series of R scripts: 

• 001 _lmportData.R 

• 002 _TrendAnalysis _[COC].R 
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6 Calculation 

The following input files were used in the implementation of this analysis: 

• qryChemHeis l .txt and qryChemHeis2.tx t: Concentration data from the HEIS database 

• qry _RiverStage.txt: Daily river stage data from the USGS 

• WELLS. csv: W ell/COC pairs 

• DIST.RData: Table of well distances from the Columbia River 

The calculations were performed with a series of R scripts (listed in Section 5 of this document). The first 
script (00J_ImportData.R) imports the concentration, river stage and well/COC pairs data, subsets the 
data by COC/well pairs, removes data based on review qualifiers, identifies non-detects, sets the date 
range for analysis (post 1/1/1994), computes the daily average concentration when necessary, and 
correlates concentration and river stage data based on date. This script exports an R data file with a data 
table containing the merged (by date) concentration and river stage data. The second script 
(002_TrendAnalysis_[COC].R) calculates trends based on Tobit regression model, calculates yearly mean 
concentrations and the LCL/UCL of this mean, calculates time to cleanup and LCL/UCL on the time to 
cleanup, and produces figures depicting these quantities together with the underlying data. 
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7 Results 

Outputs of the calculations are presented in a series of figures which are compiled in Appendix A. 
Examples are presented in each subsection, to illustrate the key features of the various figures and tables 
that are used to depict the outputs of the calculations. 

7.1 Tobit Model Regression Results 

Example results of the calculations obtained from the Tobit regression analysis for uranium at well 399-l­
l 6A are presented in Figure 7.1. 

The header of the plot presents the approximate distance of the well from the Columbia River, the 
. estimated lag time, the coefficient of determination (R2

) when using the estimated lag time, and the 
number of pairs of measured concentration and river stage data that were used in the regression analysis 
(number of comparisons). 

The plot in the upper left-hand comer displays the regression coefficient of determination (R2) for each 
iteration of the lag-time estimation process (maximum of 90 iterations, where each iteration represents a 
lag time increment of one day) comparing observed uranium concentrations in the well to observed river 
stage. The highlighted R2 is the coefficient of determination determined for the corresponding "best­
estimate" lag time between observed chemistry fluctuations in the well and observed changes in river 
stage. 

The plot in the upper right hand comer displays the measured uranium concentration and observed river 
stage for the optimized lag time. In this plot, the observed river stage data have been lagged by the best­
estimate lag time (in this case, 9 days) and plotted against the measured uranium concentrations. 
Measurements that are below the MDL for uranium (non-detects) are plotted at the MDL and highlighted 
in red. In the example presented in Figure 7.1, there are no non-detects present. 

The third plot of this figure shows a time series of the river stage and of the observed uranium 
concentrations. In this plot, the river stage data have been lagged by the optimized lag time (in this case, 9 
days) prior to plotting. Measurements that are below the MDL for uranium (non-detects) are highlighted 
in red. The time period of analysis is highlighted with a dark grey box. 

The fourth plot of this figure displays a time series of the fitted uranium concentrations (Calculated) and 
the measured uranium concentrations (Observed). The fitted concentrations were determined after lagging 
the river stage data by the optimized lag time (in this case, 9 days), fitting the Tobit model, and using 
Equation 3.1. The Tobit parameter estimates are displayed on the plot in the lower right hand corner. 
Measurements that are below the MDL for uranium (non-detects) are highlighted in red. The time period 
of analysis is highlighted with a dark grey box. 

The final plot of this figure shows the calculated difference between the fitted concentrations (natyral log) 
and the natural log of the measured concentrations (residuals). Differences based on measurements that 
are below the MDL for uranium (non-detects) are highlighted in red. The time period of analysis is 
highlighted with a dark grey box. 

Some quantities obtained from methods of linear least-squares regression and used for diagnosis of model 
"fit" do not have direct equivalents in maximum likelihood estimation (the regression analysis performed 
in this analysis uses maximum likelihood estimation). For example, the R2 measure and the regression 
residuals presented in this calculation that are reported from the censReg R package when using Tobit 
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censored regression are not direct equivalents to those obtained using least-squares estimation, even 
though they are based upon the difference between the measured and predicted values (the quantities 
obtained from Tobit maximum likelihood models do provide asymptotically unbiased estimates of these 
diagnostic measures) (Larson et al. , 2004). These quantities are presented in this report for information 
purposes and caution is advised when using these quantities for regression diagnostics in analogous 
fashion to least-squares estimation. 

7-2 



ai 
0 

"O 
0 a) 

E 0 

E <D _g 0 

N ... 
0:: 0 

"O 
Q) N 

Ol o 
Ol 
j 0 

0 

1000 

::J" - 100 Ol .,:; 
E 
::::, 
·c 

10 ~ 
:) 

1000 

::J" -Ol 
3 
E 
::::, 
·c 
~ 
:) 

'2 
0 
+" 

~ 
c 
Q) 
0 
C 
0 
0 
5 
0 
(J) 

ii:i 
::::, 
"O 
"iii 
Q) 

0:: 

100 

10 

ECF-300FF5-15-0017, REV. 0 

399-1-16A 
Distance to River: 141 m 

Estimated Lag Time: 9 days 
Maximum Correlation (R"2) : 0.45 

Number of Comparisons: 152 
r---:=,:-:-,:,...,.,,--...,.,..--::::--,:,------------, 1000 4======:r;;;- ~ccocm;;;tn.cte~:.'. • ..,.;:;;;' .. ;:;Lagg,,v;;;;;;;;:;;.;;:;..,.;-;St .. ,oe;;.;oy;., ;;;,,,;;;i,, 

::J" -Ol .,:; 
E 100 
::::, 
"E 
~ 
:) 

10 
4 

Lag (Days) 

0 

lb o 
0 

0 r# 0 0 
0 

13 14 15 16 17 18 
River Stage (masl) 

9 

0 

Figure 7.1. Censored Regression (Tobit) Model Results for Uranium in Well 399-1-16A. 
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7.2 Yearly Mean Concentration and Upper and Lower Confidence Limit Results 

Results from the yearly mean concentration, UCL, and LCL calculations for uranium in well 399-l-l 6A 
are presented in Figure 7.2. 

399-1-16A 
Distance to River: 141 m 

Estimated Lag Time: 9 days 
Maximum Correlation (R"2): 0.45 

Number of Comparisons: 152 
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Censored Regression (Tobit) Model 
In Cone.= -0.2 (+/- 0.024) *River stage+ -0.00011 (+/- 1.5e-05) *Elapsed Time+ 30 (+/- 3) 

R"2 = 0.45 

Calculated Cooc. 
o Observed Cone. 
• Nao-Detects 

Calculated Yearly Avg . Cooc. 
- - (UCL,LCL) for Yearly Average 

Target Cleanup Level 

Regression Statistics for December 2013 to December 2014 
Geometric Mean : 42 ugA... 

UCL : 48 ugA... 
LCL : 37 ug/L 

Figure 7.2. Yearly Mean Concentration and Upper/Lower Confidence Limit Results for Uranium in Well 399-1-
16A. 
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The header of the plot presents the distance of the well from the river, the optimized lag time , the 
optimized coefficient of determination (R 2) , and the number of pairs of measured concentration and river 
stage data that were used in the regression analysis (number of comparisons). 

The plot displays a time series of uranium concentration for both the fitted (Calculated) and measured 
data (Observed). The fitted concentrations were determined after lagging the river stage data by the 
optimized lag time (in this case, 9 days) and using Equation 3.1. Measurements that are below the MDL 
for uranium (non-detects) are plotted at the MDL and highlighted in red. In the example presented in 
Figure 7.2, there are no non-detects present. The UCLs and LCLs are displayed with dashed light blue 
lines and the window between the UCL and LCL (the confidence interval) is highlighted in light blue. 
The fitted yearly mean is displayed with a solid dark blue line. The target clean-up level is represented 
with a dashed black line (in the case of uranium the target clean-up level is 30 µg/L) . The censored 
regression used to determine the calculated concentration and yearly mean and UCL/LCL is presented 
below the graph. Also presented below the graph is the yearly mean for the most recent year along with 
the UCL and LCL of the yearly mean for the most recent year. 
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7.3 Time to Clean-up Results 

The time to clean-up results for uranium in well 399-1-16A are presented in Figure 7.3 . 

3 --i 
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M afySIS SIYt Dale 0 1101/1994 

399- 1-16A 
Distance to River: 141 m 

Estimated Lag Time: 9 days 
Maximum Correlation (R"2) : 0.45 
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Censored Regression (Tobit) Model 
In Cone. = -0.2 (+/- 0.024) *River Stage .+ -0.00011 (+/- 1.5e-05) *Elapsed Time+ 30 (+/- 3) 

R"2= 0.45 

o Observed Caic. 
• Nai-Detects 

Calculated Yearly Avg. Cone. 
UCL and LCL for Yearly A""'rage 

- Target Cleanup Le""'I 
Time to Cleanup Caifidence Interval 

Low Concern Well 

Yearly Average Concentration and LCL and UCL for Yearly Average below Cleanup Level by 2041 
Trend is declining 

Figure 7.3. Time to Clean-up Results for Uranium in well 399-1-16A 
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The header of the plot presents the distance of the well from the river, the optimized lag time, the 
optimized coefficient of detennination (R2

) , and the number of pairs of measured concentration and river 
stage data that were used in the regression analysis (number of comparisons). 

The plot displays a time series of measured uranium concentrations (Observed). The calculated yearly 
average concentration is displayed with a dark blue line. The model calculated yearly average 
concentrations for past, current, and future years are displayed. The future concentrations were calculated 
using the average river stage of the previous 11 years (2004 - 2014). The UCLs and LCLs are displayed 
with dashed light blue lines and the window between the UCL and LCL (confidence interval) is 
highlighted in light blue. The target clean-up level is represented with a dashed black line (in the case of 
uranium the target clean-up level is 30 µg/L). The two vertical red dotted lines indicate the confidence 
interval of the time to clean-up. The censored regression used to detennine the calculated concentration 
and yearly mean and UCL/LCL is presented below the graph. Also presented below the graph is the well 
assessment, in accordance with the procedure established in SGW-58883, along with the rationale for this 
assessment. In the example presented in Figure 7.3, the well is detennined to be of low concern because 
the yearly average concentration and LCL and UCL of the yearly average concentration are calculated to 
be below the target level of 30 µg/L by the targeted cleanup time of 204 I established in the ROD. 

7 .4 Summary of Results 

The results of the analyses are presented in Tables 7.1 - 7.6. In accordance with SGW-58883, assessment 
of each COC-well pair is based on evaluation of the appropriateness of the regression model ( quality of 
fit) , the data/regression model trend, and comparison to the target clean-up level, such as direct 
comparison of the mean and UCLs with target concentrations and cleanup levels, and identification of 
increasing (trending up) or decreasing (trending down) concentrations after controlling for covariates. 
Wells were categorized based on the results of the trend and UCL calculations, as defined in SGW-58883 
and Figure 7A. 

In this analysis, wells were categorized as of "low concern" if the yearly mean, LCL and UCL were all 
below the target cleanup level by the target cleanup date and the slope of the regression was decreasing. 
Wells were categorized as of "moderate concern" where the yearly mean, LCL and UCL were below the 
target cleanup level by the target cleanup date but the slope of the regression was increasing or where any 
of the yearly mean, LCL, or UCL was above the target cleanup level by the target cleanup date but the 
slope of the regression was decreasing. As such, a well may be categorized as of "moderate concern" 
because of wide prediction intervals that result from a relatively small number of available sample results, 
which will typically narrow as the number of available sample results increases. Wells were categorized 
as of "high concern" if the yearly mean, LCL, and UCL were all above the target cleanup level by the 
target cleanup date and the slope of the regression was increasing. 
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Aasen and Report Results 
(SGW-58883) 
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Figure 7.4. Relative Well Assessment based on SGW-58883. 

Table 7.1. Calculated Mean, UCL, and Time to Clean-up for cis-1,2-Dichloroethylene 

Cleanup 2014 

Well Name Level [Relative] Well Estimated Time to Cleanup 

(µg/L) 
Mean UCL Assessment (LCL, UCL) 
(µg/L) (µg/L) 

399-1 -168 16 170 180 High Concern Well Cleanup not attained by 2050 

399-1-57 16 64 
Indeterminate 

78 -
No. Samples < 8 

Table 7.2. Calculated Mean, UCL, and Time to Clean-up for Gross Alpha 

Cleanup 2014 
Estimated Time to Cleanup [Relative] Well Well Name Level Mean UCL Assessment (LCL, UCL) (pCi/L) (pCi/L) (pCI/L) 

399-1-1 15 12 16 Low Concern Well 2011 (2011 , 2018) 

399-1 -2 15 7.2 10 High Concern Well Cleanup not attained by 2041 

399-1-7 15 51 86 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-1-10A 15 9.6 13 Low Concern Well 2007 (2005, 2011) 

399-1 -11 15 6.3 9.0 Low Concern Well 2000 (1994, 2000) 

399-1 -12 15 10 14 Low Concern Well 2003 (2001 , 2013) 

399-1 -16A 15 18 26 
Moderate Concern 

2023 (2011 , >2041) 
Well 

399-1-17A 15 25 41 
Moderate Concern 

2028 (2015, >2041) 
Well 
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Table 7.2. Calculated Mean, UCL, and Time to Clean-up for Gross Alpha 

Cleanup 2014 

Well Name Level 
[Relative] Well Estimated Time to Cleanup 

(pCi/L) 
Mean UCL Assessment (LCL, UCL) 

(pCi/L) (pCi/L) 

399-1-21A 15 12 16 
Moderate Concern 

2013 (2012, >2041) 
Well 

Indeterminate 
399-1-55 15 170 310 -

No. Samples < 8 

399-2-1 15 35 43 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-2-2 15 42 69 
Moderate Concern 

Cleanup not attained by 2041 
Well 

Indeterminate 
399-2-32 15 18 21 -

No. Samples < 8 

399-3-6 15 18 61 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-3-9 15 51 73 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-3-12 15 19 27 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-3-20 15 27 41 
Moderate Concern 

2034 (2017, >2041) 
Well 

399-4-1 15 10 16 
Moderate Concern 

2009 (2009, >2041) 
Well 

399-4-7 15 23 35 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-4-10 15 24 34 
Moderate Concern 

2021 (2017, >2041) 
Well 

399-4-11 15 9.3 14 
Moderate Concern 

2010 (2010, >2041) Well 

Indeterminate 
399-4-12 15 18 46 -

No. Samples < 8 

399-4-15 15 9.1 16 Low Concern Well 2013 (2013, 2014) 

Indeterminate 
399-6-3 15 16 28 -

No. Samples < 8 

399-8-1 15 10 16 Low Concern Well 2012 (2011 , 2015) 

399-8-5A 15 33 64 
Moderate Concern 

2014 (2011 , >2041) 
Well 

699-S6-E4B 15 1.4 23 
Moderate Concern 

2007(2007, >2041) 
Well 
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Table 7.2. Calculated Mean, UCL, and Time to Clean-up for Gross Alpha 

Cleanup 2014 
Well Name Level [Relative] Well Estimated Time to Cleanup 

(pCi/L) 
Mean UCL Assessment (LCL, UCL) 

(pCI/L) (pCi/L) 

699-S6-E4E 15 18 81 
Moderate Concern 

Cleanup not atta ined by 2041 
Well 

699-S6-E4K 15 3.5 33 
Moderate Concern 

2007 (2007, >2041) 
Well 

AT-3-7-M 15 5.6 17 
Moderate Concern 

2006 (2006, >2041) 
Well 

Table 7.3. Calculated Mean, UCL, and Time to Clean-up for Nitrate 

Cleanup 2014 
Well Name Level [Relative] Well Estimated Time to Cleanup 

(mg/L) 
Mean UCL Assessment (LCL, UCL) 
(mg/L) (mg/L) 

699-12-2C 45 46 57 Low Concern Well 2016 (2011 , 2023) 

699-13-1 E 45 50 54 
Moderate Concern 

Cleanup not attained by 2050 
Well 

699-13-2D 45 44 47 Low Concern Well 2014 (2012, 2017) 

699-13-3A 45 95 110 High Concern Well Cleanup not atta ined by 2050 

Table 7.4. Calculated Mean, UCL, and Time to Clean-up for TCE 

Cleanup 2014 
Well Name Level 

[Relative] Well Estimated Time to Cleanup 

(1-1g/L) 
Mean UCL Assessment (LCL, UCL) 
(pg/L) (pg/L) 

399-1-7 4 0 .5 1.1 Low Concern Well 1994 (1994, 2000) 

399-2-1 4 0.75 1.1 Low Concern Well 1994 (1994, 1994) 

399-2-2 4 1.2 1.6 Low Concern Well 1996 (1994, 2002) 

399-3-1 2 4 1.0 1.5 Low Concern Well 1994 (1994, 1995) 

399-3-20 4 0.9 1.5 
Moderate Concern 

Well 2006 (2006, >2050) 

399-4-7 4 1.3 2.2 
Moderate Concern 

Well 1994 (1994, >2050) 

399-4-9 4 0.88 1.3 Low Concern Well 1994 (1994, 1994) 

399-4-12 4 1.4 2.0 Low Concern Well 2002 (1996, 2005) 

399-4-14 4 3.2 7.9 
Moderate Concern 

Cleanup not atta ined by 2050 
Well 
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Table 7.5. Calculated Mean, UCL, and Time to Clean-up for Tritium 

Cleanup 2014 
[Relative] Well Estimated Time to Cleanup 

Well Name Level Mean UCL Assessment (LCL, UCL) (pCi/L) (pCi/L) (pCi/L) 

699-12-2C 20 ,000 39,000 41 ,000 Low Concern Well 2017 (2017 , 2017) 

699-13-0A 20,000 29,000 37 ,000 Low Concern Well 2019 (2016, 2028) 

699-13-1 E 20.,000 98,000 110,000 
Moderate Concern 

Cleanup not attained by 2031 
Well 

699-13-2D 20,000 230,000 230,000 
Moderate Concern 

Cleanup not attained by 2031 
Well 

699-13-3A 20,000 910,000 980,000 High Concern Well Cleanup not attained by 2031 

Table 7.6. Calculated Mean, UCL, and Time to Clean-up for Uranium 

Cleanup 2014 
[Relative] Well Estimated Time to Cleanup 

Well Name Level Mean UCL Assessment 
(µg/L) (µg/L) (µg/L) 

(LCL, UCL) 

399-1-1 30 34 44 
Moderate Concern 

2031 (2011 , >2041) 
Well 

399-1-2 30 12 14 Low Concern Well 1994 (1994, 1994) 

399-1-7 30 90 120 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-1-10A 30 25 28 Low Concern Well 2011 (2011 , 2011) 

399-1-11 30 11 15 Low Concern Well 2000 (1998, 2000) 

399-1-12 30 19 24 Low Concern Well 2000 (1998, 2001) 

399-1-16A 30 42 48 Low Concern Well 2024 (2020, 2031) 

399-1-17A 30 75 90 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-1 -21 A 30 34 40 Moderate Concern 
Cleanup not attained by 2041 

Well 

399-1-55 30 270 400 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-2-1 30 76 96 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-2-2 30 92 130 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-2-32 30 48 66 
Moderate Concern 

Cleanup not attained by 2041 
Well 
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Table 7.6. Calculated Mean, UCL, and Time to Clean-up for Uranium 

Cleanup 2014 

Well Name Level 
[Relative] Well Estimated Time to Cleanup 

(pg/L) 
Mean UCL Assessment (LCL, UCL) 
(pg/L) (pg/L) 

399-3-6 30 29 38 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-3-9 30 130 160 High Concern Well Cleanup not attained by 2041 

399-3-12 30 31 40 
Moderate Concern 

2015 (2013, >2041) 
Well 

399-3-20 30 55 67 
Moderate Concern 

2031 (2020, >2041) 
Well 

399-4-1 30 31 37 High Concern Well Cleanup not attained by 2041 

399-4-7 30 66 78 High Concern Well Cleanup not attained by 2041 

399-4-10 30 85 100 High Concern Well Cleanup not attained by 2041 

399-4-11 30 27 32 
Moderate Concern 1995 (1995, >2041) 

Well 

399-4-12 30 26 30 
Moderate Concern 

Cleanup not attained by 2041 
Well 

399-4-15 30 28 33 Low Concern Well 2014 (2014, 2015) 

399-6-3 30 19 24 Low Concern Well 2011 (2011 , 2012) 

399-8-1 30 27 39 Low Concern Well 2014 (2013, 2017) 

399-8-5A 30 43 73 Low Concern Well 2015 (2014, 2025) 

699-S6-E4B 30 9.9 14 
Moderate Concern 

Cleanup not attained by 2041 
Well 

699-S6-E4E 30 13 14 Low Concern Well 2007 (2007, 2007) 

699-S6-E4K 30 8.8 13 
Moderate Concern 

2007 (2007, >2041) 
Well 

AT-3-7-M 30 14 24 Moderate Concern 2004 (2004, >2041) 
Well 

7-12 



ECF-300FF5-15-0017, REV. 0 

8 References 

Larson, Steven J., Charles G. Crawford, and Robert J. Gilliom, 2004, Development and Application of 
Watershed Regressions for Pesticides (WARP) for Estimating Atrazine Concentration 
Distributions in Streams, U.S. Department of the Interior, U.S. Geological Survey. Available 
at: http://pubs.usgs.gov/wri/wri034047/wrir034047.pdf 

DOE/RL-2014-42, 2013, 300-FF-5 Operable Unit Remedy Implementation Sampling and Analysis Plan, 
Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. 

EPA and DOE, 2013, Hanford Site 300 Area Record of Decision for 300-FF-2 and 300-FF-5, and Record 
of Decision Amendment for 300-FF-l , U.S. Environmental Protection Agency and 
U.S. Department of Energy, Richland, Washington, Richland, Washington. Available at: 
http://pdw.banford.gov/arpir/index.cfm/viewDoc?accession=0087180 . 

PNNL, 20 10, Guide to using Multiple Regression in Excel (MRCX v.1.1) for Removal of River Stage 
Effects from Well Water Levels, Pacific Northwest National Laboratory, Richland, 
Washington. Available at: 
http://www.pnl.gov/main/publications/extemaVtechnical reports/PNNL-1977 5rev l .pdf 

• SGW-58883, Pending, Methodology for the Calculation of Concentration Trends, Means and Confidence 
Limits for Performance and Attainment Monitoring, Rev. 0, CH2M HILL Plateau Remediation 
Company, Richland, Washington. 

Venables, W.N., D.M. Smith, and the R Core Team, 20 10, An introduction to R, Notes on R: A 
programming Environment for Data Analysis and Graphics. Version 2.11.0. Available at: 
https://cran.r-project.org/doc/manuals/R-intro.pdf 

8-1 





------------ -- - ~ - - -

ECF-300FF5-15-0017, REV. 0 

Appendix A 

Plots of Results 

A-i 



ECF-300FF5-15-0017, REV. 0 

This page intentionally left blank. 

A-ii 



ECF-300FF5-15-0017, REV. 0 

Contents 

Tobit Regression Results .................................................................................................. A-1 through A-96 

Cis-1 ,2-Dichloroethene ... ..... ............ ......... ............. ......... ..... ......... ......... ...... ..... ..... ............ .... ...... ... A-3 

Gross Alpha ... ...... ... .... ......... ....... ... .... ..... ................... ... ..... .. .... ... .... ... ... .... .............. ........ ... ............. A-7 

Nitrate .. .................... .... ..... ............ ......................... .. ....... .............. ......... ................. ....... ...... ... ...... A-39 

Trichloroethene ..... .. ........ .... ... ...... ... ....... ... ... ... ... ...... .. ...... .... .... ....... ......... .. ........ .... .......... .. .... ..... .. A-45 

Tritium ...... .......... ... .. ... ........... ...... .... ... ..... ..... .. ......... .. ......... .......... ... ..... .... .. ... ... .. .... ...... .... ........ .. .. A-57 

Uranium ...... ................ .... ... .. .... ... .. .. ...... .... ...... .. ... ...... ... ... ... .. ..... .... ....... ...... ......... .. ... ... .... .... ....... .. A-65 

Confidence Level Results ........................................................................................... A-97 through A-192 

Cis-1 ,2-Dichloroethene ............................................................... ............ ..... ............ .. ....... ...... ...... A-99 

Gross Alpha ...... .... ............. .......... .. ............... .................... .. ........................ ........... ... ..... ... .. ...... .. A-103 

Nitrate ...... ...... .... .... ................ .. ........ ....... ....... ................. ................................ ............. ............... A-1 35 

Trichloroethene ...... ... ................... .... ...................... ......... .... .. .. ... ........... ....... .. ..... ....... : .... ..... ....... A-1 41 

Tritium ... ....... ................................... ......... ........ .... ...... ....... ... .... ..... ... ...... .......... ... ... ... ....... ... ..... .. A-1 53 

Uranium ...... ...... .... .. .................. .............. ...... ...... ... ..... ... ........................ ........ ... .............. ... ...... ... A-1 61 

Time to Clean-up Results ................. ........................................................................ A-193 through A-288 

Cis-1 ,2-Dichloroethene ... .... ........ ..... .. ...... .. ....... ............ ... .... ... ...... .... .. ... ..... ... ... ... ......... ... ...... ... .. A-1 95 

Gross Alpha ................. .......... ........ ... ....... ... ...... .... .. ............ ....................... ......... .... .. .. ..... ..... ..... . A-1 99 

Nitrate .......................... .......... ..... .. ..... ...... .... ................... .. ..................... ...................... .. ... .......... A-23 1 

Trichloroethene ...... ... .......... ........ .. ............................................ ..... ....... ...... ....... .... ..................... A-237 

Tritium ..... ... ... ... .... ..... ..... ....... ..... .... ... ....... ..... ... ....... ...... .... ........... ............ ..... ..... ............ .... ..... ... A-249 

Uranium ............ .... .................... ............ .. ........... ...... .... ... .......... ... ... ... .... .... .... .. ..... .. ..... ... ..... ....... A-257 

A-iii 



ECF-300FF5-15-0017, REV. 0 

This page intentionally left blank. 

A-iv 



ECF-300FF5-15-0017, REV. 0 

Tobit Regression Results 

A-1 



ECF-300FF5-15-0017, REV. 0 

This page intentionally left blank. 

A-2 



ECF-300FF5-15-0017, REV. 0 

cis-1,2-Dichloroethene (cis-1,2-DCE) 

A-3 



ECF-300FF5-15-0017, REV. 0 

This page intentionally left blank. 

A-4 



ECF-300FF5-15-0017 , REV. 0 

399-1-16B 
Distance to River: 135 m 

Estimated Lag Time: 29 days 
Maximum Correlation (R"2) : 0. 13 

Number of Comparisons: 131 
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Distance to River: 819 m 

Estimated Lag Time: 32 days 
Maximum Correlation (R"2) : 0.97 

Number of Comparisons: 6 
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399-8-1 
Distance to River: 832 m 

Estimated Lag Time: 4 days 
Maximum Correlation (R"2) : 0. 76 

Number of Comparisons: 13 
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Distance to River: 1046 m 

Estimated Lag Time: 88 days 
Maximum Correlation (R"2) : 0.47 

Number of Comparisons: 15 
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