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1 Purpose 
This calculation derives the statistical criteria ( critical means [CMs]) for indicator parameters used in 
Resource Conservation and Recovery Act of 1976 (RCRA} indicator parameter evaluation (interim status) 
and detection (final status) monitoring for calendar year (CY) 2017. 

2 Background 

The Hanford Site is a U.S. Department of Energy facility located in central Washington State along the 
Columbia River. The site operated as a nuclear production facility starting in the 1940s, and the last 
reactor was decommissioned in the late 1980s. During operation, many chemicals that can potentially 
migrate to groundwater were used. Since decommissioning, operations at the Hanford Site have changed 
to demolition and restoration, including remediation of known groundwater contamination under the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 and monitoring for 
new and existing facility impact to groundwater under RCRA. Hanford Site facilities that could create 
new impacts to groundwater are subject to WAC 173-303, "Dangerous Waste Regulations," which 
incorporate RCRA regulations for interim status ( 40 CFR 265, "Inter_im Status Standards for Owners and 
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities") and final status 
(40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities"). 

As established in WAC 173-303-400, "Interim Status Facility Standards," the facility is required by 
40 CPR 265 .92(b )(3), "Sampling and Analysis," to monitor pH, specific conductance, total organic 
carbon (TOC), arid total organic halides (TOX) as indicator parameters for groundwater contamination. 
These parameters are to be measured in four replicate measurements, and a composite measurement 
should be calculated based on the mean of these four replicates. Monitoring for these parameters is also 
required by WA 7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, 
Dangerous Waste Portion, Revision 8C, for the Treatment, Storage, and Disposal of Dangerous Waste 
(hereafter referred to as the RCRA Permit), for detection monitoring at certain final-status sites. Samples 
collected at downgradient wells (compliance wells) are compared to upgradient wells (background wells) 
to identify potential impacts to groundwater from the facility. If concentrations in the compliance wells 
are significantly different from CM concentrations in background wells, there is evidence of facility 
impact to groundwater. 

CMs are calculated for the 15 RCRA sites listed in Table 1. 

Table 1. RCRA Sites for Indicator Parameter Statistical Comparisons 

RCRASite Operable Unit 

116-N-3 (1325-N) Facility 100-NR-2 

116-N-1 (1301-N) Facility 100-NR-2 

120-N-1 and 120-N-2 (1324-N/NA) Facilities 100-NR-2 

216-A-29 Ditch 200-PO-l 

216-A-36B Crib 200-PO-l 

216-A-37-1 Cnb 200-PO-1 

216-B-3 Pond 200-PO-1 

216-B-63 Trench 200-BP-5 

1 
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Table 1. RCRA Sites for Indicator Parameter Statistical Comparisons 

RCRASite Openble Unit 

216-S-10 Pond and Ditch 200-UP-1 

Liquid Effiuent Retention Facility (LERF) 200-BP-5 

Low-Level Waste Management Area-I (LLWMA-1) 200-BP-5 

Low-Level Waste Management Area-2 (LLWMA-2) 200-BP-5 

Low-Level Waste Management Area-3 (LLWMA-3) 200-ZP-1 

Low-Level Waste Management Area-4 (LLWMA-4) 200-ZP-l 

Nonradioactive Dangerous Waste Landfill 200-PO-l 

Reference:·Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 

lbis document describes the approach for calculating CMs for statistical comparisons. The calculated 
CMs will be compared with data collected during CY 2017 to determine if any exceedances 
( compliance well concentrations higher than the calculated CMs) have occurred. These comparisons will 
occur in quarterly RCRA monitoring reports and are beyond the scope of this document. CMs are 
calculated once for each CY unless sampling changes warrant recalculation. · 

2.1 Derivation of and Calculation of Critical Means as Prediction Limits 

As established in WAC 173-303-400, the facility is required by 40 CFR 265.92(b)(3) to monitor pH, 
specific conductance, TOC, and TOX as indicator parameters for groundwater contamination. At each 
sampling event, these parameters are usually measured in four replicate samples. A composite 
measurement is calculated as the average of the replicates (its aliquot measurements). The methodology 
for identifying nondetects was established in ECF-Hanford-13-0013, Calculation of Critical Means/or 
Calendar Year 2013 RCRA Groundwater Monitoring. When all of the aliquots are nondetects, the sample 
is treated as a nondetect in the subsequent analysis and its reporting limit is set to the smallest of the 
aliquot reporting limits. If the proportion of the nondetects is less than 1, the composite measurement is 
treated as a detected value in the subsequent analysis. 

All statistical procedures are carried out separately for each RCRA unit and analyte. The unit-wide false
positive rate is controlled at a = 1 % by means of a Bonferroni adjustment based on the number of 
compliance decisions anticipated during each monitoring event to which these procedures will apply. 

A set of reference (background) data is created for each analyte at each RCRA unit. In most cases, these 
data are obtained at designated upgradient wells during a specified (recent) period. The reference data, 
which consist of replicate samples obtained at each well during each sampling event, are composited into 
one value per well per sampling event. This background dataset is used to compute CMs ( or for pH, a 
critical range [CR]). These are prediction limits (or intervals, respectively) for data that will be obtained at 
downgradient (compliance) wells during any single monitoring everit. Composite measurements from 
those downgradicnt wells will be compared to CMs and CRs. Any downgradient composite result that 
exceeds its CMs ( or lies outside its CRs, in the case of pH) will be considered statistically significant 
evidence that the groundwater it represents differs from conditions represented by the reference dataset. 
Such a determination is called a positive result. 

2 
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CMs and CRs are derived from the test statistic for the Average Replicate t-test and calculated using the 
following formulas: 

Critical mean CM= m +tdffka s ,J1 +! , , n (Equation 2.1) 

Critical range CR = m ± tdf 1ca,2 s ,J1 + ! . . n 
(Equation 2.2) 

where: 

m = estimates the background mean 

s = estimates the background standard deviation 

n = the count of data used to compute the mean m 

a = the minimum unit-wide false-positive rate for any single (future) monitoring event; set at 1 % 

k = the number of comparisons (counting all analytes) that have the potential to create a 
positive result within a RCRA unit during any single monitoring event 

idf.lr.a = the upper 100%-a/k quantile of Student's t distribution with df degrees of freedom 

tdf.lr.a/2 = the upper 100%-a/(2k) quantile of Student's t distribution with df degrees of freedom 

df =:= the degrees of freedom ( equal to n - 1 for the interwell tests) 

The Student t quantiles have been generically referred to as "tail", The quantities alk and aJ(2k) have 
been referred to as the "adjusted" a or <XadJusted., These terms are used in the tabulated results appearing in 
Chapter 7. The Student t-test was used in accordance with 40 CPR 265.93, "Preparation, Evaluation, and 
Response." 

Typically, k will equal the number of upgradient and downgradient wells multiplied by the number of 
analytical parameters being tested (always equal to 4). 

According to ECF-Hanford-13-0013, CMs (and CRs) are recalculated annually or if the number of 
comparisons changes. Annual recalculation, using a sliding period for selecting the background data, is 
intended to account for changing background conditions. Changes in the number of comparisons are 
usually the result of changes in monitoring well networks (i.e., wells are added or deleted). If changes 
occur in a monitoring well network, CMs and CRs for that facility are recalculated for subsequent 
sampling events using the new well network. 

2.2 Counting Comparisons for the Bonferroni Adjustment 

For comparability with previous calculations, as set forth in ECF-Hanford-13-0013, the number of 
comparisons for this analysis includes both upgradient and downgradient wells. Under 40 CFR 265.93(b), 
the comparison must consider individually each of the wells in the monitoring system. As such, at each 
RCRA unit, the number of analytes is multiplied by the total number of wells, including background 
wells, to accommodate planned testing of future results at upgradient wells. 

3 
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3 Methodology 

CMs were calculated using the interwell approach following procedures outlined in EPA 530/R-09-007, 
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance, to set limits 
based on data from an upgradient well that is assumed to be unimpacted by activities at the monitored 
site. 

3.1 Background and Compliance Wells 

At each RCRA site, background wells are identified as wells· that were hydraulically upgradient of the 
facility. Compliance wells are identified as wells that were hydraulically downgradient of the facility. 
A list of wells and well locations based on RCRA sites is presented in Appendix A. 

3.2 Data Acquisition 

Groundwater chemistry data are downloaded from the Hanford Environmental Information System (HEIS), 
which is maintained by CH2M HILL Plateau Remediation Company, and exported into a Microsoft® 

Access® database (HEIS _ Chem I_ 01122017 .accdb and HEIS _ Chem2_01122017 .accdb ). Data for this 
analysis were downloaded from the HEIS database on January 12, 2017. The HEIS database contains one 
table(HEIS2_ADM_PNLGW_STD_RESULT_MV_l andHEIS2_ADM_PNLGW_STD_RESULT_MV_2, 
respectively), which contains information on groundwater chemistry samples, including lab and review 
data qualifiers, sample medium, sample collection purpose, analytical method, and reporting limits. Fields 
extracted from the HEIS database for use in the CM calculations are presented in Table 2. 

Table 2. HEIS Database Fields 

Field Extracted Definition 

WELL_NAME Location ID 

SAMP_DATE_TIME Sampling Date 

STD CON LONG NAME Analyte Name - - -
STD_VALUE_RPTD Reported Concentration 

STD _ANAL_ UNITS _RPTD Units for Concentration Measurement 

LAB_QUALIFIER Lab Data Qualifier 

REVIEW_ QUALIFIER Review Data Qualifier" 

COLLECTION PURPOSE Primary Reason for Sample Collectionb 

® Microsoft and Access are registered trademarks of Microsoft Corporation, Redmond. Washington. 
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Table 2. HEIS Database Fields 

Field Extracted Definition 

VALIDATION_ QUALIFIER Validation Qualifier 

a Review Data Qualifier codes are as follows: 

F - The result is undergoing further review. 

G Record has been reviewed and determined to be correct, or the record has been modified to make it correct. 

H Laboratory holding time exceeded before the sample was analyud. 

P Potential problem. Collection/analysis circumstances make value questionable. 

Q Associated quality control sample is out of limits. 

R Do not use. Further review indicates the result is not valid. These points are not included in outputs or 
downloads. 

Y Result suspect Review - insufficient evidence to show result valid or invalid. 

Z Miscellaneous circumstances exist Additional infonnation may be found in the RESULT_ COMMENT field 
for this record. 

b. Sample collection purpose codes are as follows: 

C Characterization T Transportation 

IH Industrial Hygiene TS Time Series 
JP In Process VER Verification 
R Routine VP Vertical Profile 

s Special Studies WM Waste Management 

The RCRA parameter data (pH, specific conductance, TOC, and TOX) from the REIS database are 
exported into two text (TX,;) files named qryChemHeisl.bct and qryChemHeis2.oct. 

3.3 Review Qualifiers 

Data are removed from the dataset prior to calculation of CMs based on their review qualifiers (Table 3 ). 
This step was conducted for each individual sample prior to compiling composite samples. 

Table 3. Review Qualifiers for Data Removal 

Review Qualmer Definition 

y Result is suspect. Review had insufficient evidence to show result valid or invalid 

R Do not use. Further review indicates the result is not valid. 

F Result is undergoing further review. 

Q Associated quality control sample is out of limits. 

3.4 Collection Purpose 

Data for the calculation of CMs are limited to data that were collected for routine purposes or verification 
(i.e., COLLECTION_PURPOSE = "R" or "VER"). This step was conducted for each individual sample 
prior to compiling composite samples. 

5 
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3.5 Outliers 

Based on visual inspection of the data, obvious outliers were removed prior to analysis (fable 4). 
Additional outlier testing was performed on composite samples (see Section 3.12) to identify any other 
potential outliers. 

Table 4. Outliers Removed from Analysis 

Contaminant of 
Well Concern Sample Date Basis 

699-26-38 Total organic carbon 10/17/2016 
An order of magnitude higher than all other 

measured concentrations at this location 

3.6 Nonroutine Samples 
Several samples collected in December 2016 were identified in the HEIS database with 
COLLECTION_PURPOSE == "R". However, the samples were collected for a one-time, nonroutine 
analysis and were not included in the CM calculations (Table 5). 

Table 5. Nonroutine Samples Collected in December 

Well Name Sample Date 

199-N-105A 12/19/2016 

199-N-2 12/19/2016 

199-N-3 12/19/2016 

199-N-34 12/14/2016 

199-N-34 12/21/2016 

199-N-57 12/14/2016 

199-N-28 12/14/2016 

199-N-32 12/14/2016 

199-N-41 12/14/2016 

199-N-81 12/14/2016 

199-N-165 12/12/2016 

199-N-71 12/12/2016 

199-N-72 12/13/2016 

199-N-73 12/12/2016 

199-N-74 12/12/2016 

199-N-77 12/13/2016 

6 
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3. 7 Calculation of Composite Results 

At each RCRA site and for each well and analyte, composite results are calculated as the average of the 
replicates (its aliquot measurements). When none of the aliquots in the composite (also referred to as a 
«composite sample" to emphasiz.e the composite nature of the measurements) are classified as a 
nondetect, the following statistics are calculated to characterize the background conditions and to support 
the CM/CR calculations: 

Estimated background mean for 
composite sample 

Estimated standard deviation for 
composite sample 

where: 

1 n, 
m =-~x 

C 4-J I 

s = C 

nc i=I 

me = the composite sample mean 

nc = the number of aliquots in the composite sample 

x; = the aliquot measurement 

Sc the composite sample standard deviation 

(Equation 3 .1) 

(Equation 3.2) 

When one or more values in the dataset are nondetects, the procedures described in Section 3.10. l 
(treatment of nondetects for computing statistics of composite samples) are used to compute me and sc. 

3.8 Identifying Background Data 

CMs for each RCRA site are calculated from measurements at wells identified as being upgradient of the 
RCRA site (i.e., background wells). Classification of well location (upgradient versus downgradient) is 
presented in Appendix A. Several RCRA site groundwater monitoring plans have been or are in the 
process of being revised to modify the monitoring well networks because of changes in groundwater flow 
in the Central Plateau area. Table 6 presents the background well networks used for previous (2016) CM 
calculations and th~ new revised ( or proposed) RCRA site groundwater monitoring networks. CMs are 
calculated for both the previous (2016) and new networks. For RCRA areas not presented in Table 6, no 
changes were made to the well networks. 

Table 6. RCRA Areas with Multiple Calculated CMs/CRs 

RCRAArea Network Background Wells 

Wells used in 2016 critical 
299-E26-12 
299-E26-13 

mean calculations 
699-43-45 

216-A-29 Ditch 
299-E25-34 

New 
299-E25-43 
299-E25-47 
299-E26-13 

7 
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Table 6. RCRA Areas with Multiple Calculated CMs/CRs 

RCRAArea Network Background Wells 

Wells used in 2016 critical 
299-El7-19 

mean calculations 
216-A-36B Crib 

New 
299-El7-l 

299-E17-19 

Wells used in 2016 critical 299-E25-47 
mean calculations 299-E25-48 

216-A-37-l Cnb 

New 
299-E25-35 
299-E25-47 

Wells used in 2016 critical 699-44-39B 
mean calculations 699-45-42 

216-B-3 Pond 
699-44-39B 

New 699-45-42 
New well (to be drilled) 

299-E32-10 
299-E32-3 
299-E32-5 

Wells used in 2016 critical 299-E32-6 
mean calculations 299-E32-7 

LLWMA-1 299-E.32-8 
299-E32-9 

299-E33-34 

New 
299-E32-3 

299-E33-266 

Wells used in 2016 critical 
299-WIS-21 

LLWMA-4 mean calculations 

New 299-W17-1 

3.9 Determination of Date Range 

EPA 530/R-09-007 (pg. "S-3) recommends at least "8 to 10 independent background observations be 
collected before running most statistical tests." To ensure this, the number of composite measurements for 
each analyte at each RCRA site is counted over a minimum 2-year period covering 2015 and 2016 and 
adjusted, as necessary, to provide an adequate background dataset. Whenever this count is less than eight 
for any analyte at a RCRA site, the date range is expanded backwards in time until all analytes have at 
least eight samples. This common date range is used to estimate background conditions for the CR/CM 
calculations at that site. 

8 
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The following exceptions apply to this rule: 

• 216-S-10 Pond and Ditch: Sample size is restricted to four due to documented spatial variability in 
specific conductance (ECF-200UP1-12-0055, Analysis of Spatial Variability of Specific Conductance 
in Groundwater at the 216-S-J0 Pond & Ditch). To maintain a sample size of four for pH, specific 
conductance, TOC, and TOX, a start date of analysis for CM calculations was set at May 5, 2015. 

• Liquid Effluent Retention Facility (LERF): The Welch' s t-test was performed for this RCRA site to 
calculate CMs (Section 3 .13). Sample size is limited due to lack of data at the up gradient well before 
September 2011 . 

• Low-Level Waste Management Area-3 {LLWMA-3): The start date for analysis was changed to 
June 12, 2013 due to suspect drilling oil contamination in earlier samples. CMs are also calculated 
using an intrawell method (see Section 3.14). 

• Nonradioactive Dangerous Waste Landfill (NRDWL): As described in 01-GWVZ-025, "Results of 
Assessment at the Non-Radioactive Dangerous Waste Landfill (NRDWL)," elevated levels of 
calcium, bicarbonate, magnesium, and sulfate from the Solid Waste Landfill impacts the specific 
conductance measurements in the NRDWL downgradient monitoring wells. To account for the spatial 
variability caused by the elevated levels of the nomegulated constituents from the Solid Waste 
Landfill, the background dataset size is restricted to 1 year of samples, but may be adjusted as needed 
to maintain at least a minimum of a sample size of four. To maintain the restricted sample size, the 
start date for analysis was set at January 1, 2016. 

3.10 Handling Nondetects 

Processing of nondetects proceeds through two stages. In the first stage, raw data are combined into 
composite measurements. Each composite is flagged according to the detectability of the data contributing 
to its value. These composites are grouped into reference datasets for each analyte at each RCRA unit. 
At the second stage, estimates of the means (m) and standard deviations (s) required for the CM/CR 
calculations are computed, depending on what proportion of the reference dataset consists ofnondetects. 

3.10.1 Stage 1: Computing Composite Values 
All decisions in this monitoring program are based on composite measurements. That is, when four 
measurements are available at one monitoring event for an analyte at a well, these measurements are 
called replicates and are combined into a single value called a composite measurement for that 
event-analyte-well combination. The replicate measurements become the aliquots of the resulting 
composite measurement. 

At the outset, beginning with the data selected as described in Sections 3.2 through 3.8, the following 
summary statistics are computed for each composite, c. The individual aliquot values are denoted x, with 
indexes ranging from 1 through nc, When replicate i is not detected, x; equals the reporting limit 
associated with that sample. 

9 



Number of nondetects 

Proportion of nondetects 

Minimum detection limit 1 

Maximum detected value2 

Mean of all values 

Coefficient of variation (CV) 
(calculated whCQ all aliquots ofa 
composite sample are detected 
values) 

where: 
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min (x; I result i not detected) 

max(xt) 

8c,d 

mc,d 

(Equation 3.3) 

(Equation 3.4) 

(Equation 3.5) 

(Equation 3.6) 

(Equation 3.7) 

(Equation 3.8) 

sc,d = the standard deviation of the composite sample when all aliquots are detected 
(i.e., no nondetects) 

Tnc,d = the mean of the composite sample when all aliquots are detected (i.e., no nondetects) 

The composite measurement is taken to be the mean of all values (me), and the composite measurement 
standard deviation is Sc. Multiple reporting limits were not present for composite sample aliquots 
(i.e., all aliquots of any composite sample had the same reporting limit). · 

The reporting limit is substituted for aliquots with measurements below the reporting limit. When all of 
the aliquots are nondetects, the sample is treated as a nondetect in the subsequent analysis and its 
reporting limit is set to the smallest of the aliquot reporting limits. If the proportion of the nondetects is 
less than 1, the composite measurement is treated as a detected value in the subsequent analysis. 

3.10.2 Stage 2: Treatment of Nondetects for Computing Statistics of Reference Datasets 
3.10.2.1 Datasets with Less Than 10 Percent Nondetects 
EPA 530/R.-09-007 (pg. 15-5) indicates that t-tests and prediction limits (and therefore the CM/CR 
calculations that are derived from them) are not significantly affected by substitution of half the reporting 
limit when the proportion ofnondetects is no more than 10 percent to 15 percent of the total sample. 
Therefore, this substitution method is employed here for datasets where up to 10 percent of the composite 
samples are identified as nondetects. Equations 3.1 and 3.2 are then applied as if all values were 
actually quantified. 

3.10.2.2 Datasets with between 10 Percent and 50 Percent Nondetects 
Regression on Order Statistics (ROS) is used to account for nondetects in datasets where between 
10 percent and 50 percent of the composite samples are identified as nondetects. The ROS method 
imputes values for nondetects based on an assumed distribution of the underlying data. 
EPA 530/R.-09-007 provides a detailed description of the ROS method (pg. 15-13). The calculations are 

1 Defined as detection limit in ECF-Hanford-13-0013. 
2 When all aliquots of a composite sample are nondetects, the maximum detected value is equal to the maximum 
reporting limit. 
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carried out using the Nondetects and Data Analysis (NADA) (Helsel, 2005, Nondetects and Data 
Analysis: Statisticsjor Censored Environmental Data) package in R (see Chapter 5 of this document). 
These calculations produce estimates of the background mean and standard deviation, replacing those in 
Equations 3.1 and 3.2. 

3.10.2.3 Datasets with Greater Than 50 Percent Nondetects 
Consistent with methodology set forth in ECF-Hanford-13-0013, dataset statistics and CM values are not 
calculated for datasets where (strictly) more than 50 percent of the composite samples are identified as 
nondetects. For RCRA sites 216-A-29 Ditch (original and new), 216-A37-1 PUREX Plant Crib (new)i 
216-B-3 Pond (original and new), 216-B-63 (original), LLWMA-1 (original), and the NRDWL, CMs for 
TOX could not be calculated because the percent nondetects of the composite samples exceeded 50 
percent. The CM ofTOC for RCRA sites 216-S-10 Pond and Ditch, LLWMA-1 (original), LLWMA-2, 
and LLWMA-4 (new) could not be calculated because the percent nondetects of the composite samples 
exceeded 50 percent. 

3.11 _Test for Normality 

The background datasets are tested at the a= 0.05 level using the Shapiro-Wilk test to evaluate the null 
hypothesis that the data are normally distributed. EPA 530/R-09-007 (pg. 10-13) provides a detailed 
description of the Shapiro-Wilk test. It is conducted using the "stats" package in R (see Chapter 5 of this 
document). CMs and CRs calculated from datasets that show evidence of departing from normal 
distributions are flagged in the tabulated results presented in Chapter 7. The Shapiro-Wilk test was also 
used to evaluate the null hypothesis that the data are log-normally distributed. 

3.12 Test for Outliers 

The background datasets are tested using the Grubbs test at the a= 0.001 level to identify outliers, 
consistent with ECF-Hanford-13-0013. This test is useful for identifying exactly one outlier in a dafaset 
(Grubbs, 1969, "Procedures for Detecting Outlying Observations in Samples") using composite 
measurements. The Grubbs test is conducted using the "outliers" package in R (see Chapter 5 of this 
document). Outliers were removed at the discretion of project scientists. No additional outliers to those 
listed in Table 3-3 were removed for the CY 2017 CM calculations based on the Grubbs test results. 

3.13 Welch's T-Test 

The statistical method for calculating CMs for the LERF RCRA site is outlined in Section D3.9.3 of 
DOE/RL-2013-46, Groundwater Monitoring Plan for the Liquid Effluent Retention Facility. This method 
is used for the LERF RCRA site only, in lieu of the previously described method. Since data are 
unavailable for the upgradient well prior to September 2011, data from both the upgradient and 
downgradient wells are used in the calculation of CMs. First, summary statistics (mean, standard 
deviation, and variance) are calculated for the pooled upgradient and compliance well datasets. Next, the 
degree of freedom (d.f) is calculated using the following equation: 

(Equation 3.9) 

where s1 is the variance for the pooled dataset, n is the number of samples in the pooled dataset, and the 
subscripts BG and C indicate the background dataset and the compliance well datasets, respectively. 
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The calculated degrees of freedom are used to determine the critical value using Table 16-1 of 
Appendix D of EPA 530/R--09-007. 

3.14 lntrawell Method 

There are three sites where an intra.well test was determined to be more appropriate than an interwell test: 
1324-N/NA, 1325-N, and LLWMA-3. Specific conductance at sites 1324-N/NA and 1325-N compliance 
wells is affected by historical discharges of nonregulated sulfate. The LL WMA-3 compliance monitoring 
wells may be affected by injection of treated effiuent from the 200 West Pump and Treat, which is 
injected downgradient of the upgradient well used for establishing background at LLWMA-3. 

For upgradient-to-downgradient well comparisons, a crucial detection monitoring assumption is that 
downgradient well changes in groundwater quality are only caused by onsite releases of regulated 
constituents. The influence of the nonregulated releases and the injection of treated effluent result in 
spatial variability potentially leading to large numbers of false-positive detections at the compliance wells 
based on CMs calculated by the interwell method. Intrawell testing is identified in EPA 530/R-09-007 as 
a method to eliminate the problem of natural spatial variability. 

Interim status monitoring regulations applicable to LLWMA-3 do not provide for intrawell testing; 
however, CMs are calculated using the intra.well method and provided for comparison in Chapter 7. 

lntrawell limit methods use previous results collected in a monitoring well to set a limit that determines 
whether future samples in the same well represent an adverse change in groundwater quality. 
A statistically significant ("positive") result is interpreted as evidence of a real difference between the 
previous results and the future measurement. 

The initial steps for obtaining and subsetting data for the intra.well method are the same as described in 
Sections 3.2. through 3.8. The method for handling nondetects and assessing normality in the intrawell 
method are the same as described in Sections 3.9 and 3.10. Calculations specific to the intra.well method 
are described in the following subsections. 

The wells evaluated using the intrawell test are presented in Table 7. 

Table 7. RCRA Sites and Wells Evaluated Using the lntrawell Test 

RCRAArea 

1324-NA (120-N-1) Percolation 
Pond and 1324-N (120-N-2) 

Surface Impoundment 

1325-N (116-N-3) Liquid Waste 
Disposal Facility 

Low-Level Waste Management 
Area 3 (LLWMA-3) 
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Wells 

199-N-72 
199-N-73 
199-N-165 

199-N-32 
199-N-41 
199-N-81 

299-WI0-29 
299-WI0-30 
299-WI0-:31 
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3.14.1 Test for Homogeneity of Variance 
By default, the variances in the logarithms of the composite indicator parameter results are assumed to be 
the same in each well. This assumption is tested using Levene's test (adjusted for nondetects). 
EPA 530/R-09-007 (pg. 11-4) provides a detailed description of Levene's test. Levene's test is conducted 
using the "lawstat" package in R (see Chapter 5 of this document) at an a.= 1 % level. CMs and CRs 
calculated from datasets that show evidence of departing from the assumption of having the same 
variance are flagged in the tabulated results presented in Chapter 7. Individual well means together with a 
single pooled standard deviation are used for computing.the CMs. 

3.14.2 Calculation of Test Statistics and Critical Means 
As established in ECF-HANFORD-13-0013, Rev.l, the CM is calculated as in Equations 2.1 and 2.2, but 
based on a pooled standard deviation (sv) estimated from all the compliance wells in the RCRA unit. Tue 
wells, which will be indexed by j = 1, 2, 3, contribute three reference datasets (xii) wherej (which indexes 
the individual composite results) ranges from 1 through nj (the amount of reference data available at each 
well). The total count ofreference data is written n. For specific conductance, TOC, and TOX, let Yii = 
ln(xv) and for pH, let Yii = xv, Let nw be the number of wells in the pooled dataset (in this case, 3). 

Individual well log 
means 

Individual well log 
variance 

Pooled log variance 

Pooled well standard 
deviation 

Pooled degrees of 
freedom 

Individual well critical 
means 

Individual well critical 
range 

df pooled = n - nw 

CM1. = exp(m1. +t., ,.s Ji+ 1 J 
'Jpuo/J:,b t n _ 

J 

CM,. = m,. ± tdlf. kas J1 + 
1 

poolrth , n 
j 

The value of k is set, as in all other cases, to the total number of analytes (four). 
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(Equation 3.10) 

(Equation 3 .11) 

(Equation 3 .12) 

(Equation 3.13) 

(Equation 3.14) 

(Equation 3 .15) 

(Equation 3 .16) 
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4 Assumptions and Inputs 

The following assumptions are made in the CMs analysis: 

1. Reference data from upgradient wells are assumed to represent natural groundwater or 
background conditions. 

2. Unless otherwise noted, it is assumed that the mean and variance of each analytical parameter exhibit 
no spatial variation within each region represented by the upgradient wells at any RCRA unit. 

3. Time series of results are assumed stationary, which implies they have no trend. While it is 
·recognized that groundwater quality may naturally change with time, accounting for trends is 
deliberately avoided by choosing a relative short period of records and periodically 
recalculating CMs. 

4. The Student's t-test, from which the CM and CR limits are derived, assumes the sampling distribution 
of the mean follows a normal distnbution and the sampling distribution of the variance independently 
is proportional to a chi-squared distribution with the assumed degrees of freedom. A large coefficient 
of variation (CV) can be an indication of non-normality of the mean (Equation 3.8). As a diagnostic 
adjunct to the Shapiro-Wille test of normality, the CV is calculated each time a CM is calculated. 

5. It is assumed that no seasonal fluctuations occur in the data. 

6. Datasets with large numbers of nondetects (where data are censored below the detection limits) will 
result in unreliable CMs. Typically, CMs will be close to the detection limits but less than 
quantitation limits (which are approximately three times the detection limits). Therefore, when more 
than 50 percent of the reference (composite) results are nondetects, the limit of quantitation (LOQ) is 
used as the comparison value for detecting facility effect (in place of a. CM). LOQ calculations and 
comparisons are made elsewhere. 

Table 8 summarizes the number of data used in the calculation of CMs/CRs, including the number of data 
removed by each data processing step. 

Table 8. Summary of Data used for Calculation of CMs/CRs 

Number of Percent of 
Samples Total 

Number of Total Aliquots from DEIS Database 

Total Number of Data from REIS 128,524 

pH 51,874 40.4% 

Specific conductance 51,814 40.3% 

TOC 13,820 10.8% 

TOX 11 ,016 8.6% 

Number of Total Aliquots for Upgradient Wells 

Total Number of Data for Upgradient Wells 16,428 

pH 4,173 25.4% 

Specific conductance 4,196 25.5% 

TOC 4,118 25.1% 
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Table 8. Summary of Data used for Calculation of CMs/CRs 

Number of Percent of 
Samples Total 

TOX 3,941 24.0% 

Number of Samples Removed Based on Review Qualifiers 449 2.71/o 

pH 0 0% 

Specific conductance 5 0.1% 

TOC 169 4.1% 

TOX 275 7.0% 

Number of Samples Removed Based on Collection Purpose 168 1.0% 

pH 41 1.0% 

Specific conductance 43 1.0% 

TOC 52 1.3% 

TOX 32 0.8% 

Number of Aliquots 15,811 96.2•1. 

Number ofNondetects 3,824 23.3% 

pH 0 0% 

Specific conductance 0 0% 

TOC 1,566 38.0% 

TOX 2,258 57.3% 

Number of Composite Samples for Upgradient Wells 

Number of Event-Analyte-Well Combinations 4,383 

pH 1,198 28.7% 

Specific conductance 1,213 28.9% 

TOC 1,042 25.3% 

TOX 930 23.6% 

5 Software Applications 

CMs were calculated using the public domain computing platform R (version 3.1.3 published 9/3/2015). 
R provides data manipulation, calculation, and graphical display capabilities to support data analysis 
(Venables et al., 2010, An Introduction to R Notes on R: A Programming Environment for Data Analysis 
and Graphics). It is freely available to the public and can be compiled and run on a variety of platforms 
(UNIX, Windows, and Mac OS). The base installation ofR contains statistical and plotting functions and 
many more are available for download through the Comprehensive R Archive Network (CRAN). 
Several R packages are used for calculating CMs. The packages were downloaded from the CRAN and 
are listed in Table 9. 
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Table 9. R Packages Used for Critical Means Calculations 

[R] Package Package Description Version 

data.table Enhanced data processing 1.9.4 

lawstat Tools for biostatistics, public policy, and law 2.5 

NADA Handling nondetects 1.5-6 

outliers Tests for outliers 0.14 

plyr Tools for splitt ing, app lying, and combining data 1.8.1 

reshape2 Restructure and aggregate data 1.4 

6 Calculation 

The R code used to process the data and calculate CMs for each site is included in Appendix B. The text 
files (qryChemHeisl.txt and qryChemHeis2.txt) contain the data downloaded from the HEIS database 
(see Section 3.2), the csv file (usr438ext30879.csv) contains January 2017 data for well 699-26-38, and 
the csv file (ClosureSamples _ 0I302017.csv) contains the list of closure samples to be excluded from the 
analysis. In addition, a csv file containing information on well location for each RCRA site is used in the 
R code (2016 _Updated_ RCRA _ GW _ Monitoring_ Well_ List_Modified _ 02022016 - recieved from 
ALee - 1-24-2017.csv). 

Output information is written to the files: 

1. HANFORD-CRITICAL_MEANS-2017-(date of analysis) .csv - Contains CMs calculated using the 
Interwell Method 

2. Hanford-l 324-N_ l 325-N-CM-2017-(date of analysis) .csv- Contains CMs for 1324-N/NA and 
1325-N calculated using the Intrawell Method 

3. Hanford-LLWMA3-CM-2017-(date of analysis).csv- Contains CMs for LLWMA-3 calculated using 
the Intrawell Method 

4. Data_Removed-(date of analysis).txt- Contains all of the data removed based on review qualifiers 

5. LERF _Data_Removed-(date of analysis) .txt - Contains all of the data removed based on review 
qualifiers for the LERF dataset 

6. Totals_ l-(date of analysis).txt - Contains a summary of total number of data in the dataset 

7. Totals_ UP-( date of analysis).txt - Contains a summary of the total number of samples for upgradient 
wells 

8. Totals_Removed_ Qualifier-(date of analysis).txt - Contains a summary of the total number of 
samples removed based on the review qualifier 

9. Totals_Removed_ Collection-(date of analysis).txt - Contains a summary of the total number of 
samples removed based on the collection purpose 

10. Totals_Aliquots-( date of analysis).txt - Contains a summary of the total number of aliquots in the 
final dataset 
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11. Totals NDs-(date of analysis).txt-Contains a summary of the total number of nondetects in the final 
dataset 

12. Totals_ Composite-( date of analysis ).txt - Contains a summary of the total number of composite 
samples in the final dataset 

This information has been formatted to produce the tables presented in the results section of this report as 
well as in the annual groundwater monitoring report. 

7 Results 

Results are listed in Tables 10 through 33. 

Table 10. Critical Means for the 1301-N (116-N-1) Liquid Waste Disposal Facility for CY 2017 Comparisons 

Specific Total Organic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 2 

Date Range for Data 9/16/2014 - 12131/2016 

Number of Composite Samples 10 10 9 10 

% Nondetects 0% 50% 0% 0% 

Mean 738 µSiem 538 µg/L 9.10 µg/L 7.76 SU 

Median 740 µSiem 411 µg/L 8.16 µg/L 7.78 SU 

Standard Deviation 207 µSiem 299 µg/L 3.76 µg/L 0.31 SU 

Coefficient of Variation 0.280 0.556 0.413 0.040 

Maximum 1031 µSiem 1103 µg/L 14.93 µg/L 8.17 SU 

Number of Comparisons 20 20 20 20 

alpha per comp ( <ladJustcd) 5.00E-04 5.00E-04 5.00E-04 2.50E-04 

tan,; 4.78 4.78 5.04 5.29 

Critical Mean 1773 µSiem 20381 µg/L 29.06 µg/L 9.50 SU 

Lower Critical Range 6.02 SU 

a. Dataset not log normally distributed based on Shapiro-Wille Test (p < 0.05). 
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Table 11. Critical Means for the 1325-N (116-N-3) Liquid Waste Disposal Facility for CY 2017 Comparisons 

Specific Total Oraanic Total Organic pH 
Statistic Cond•ctance Carbon Halides Measurement 

Number ofUpgradient Wells 1 

Date Range for Data 9/412012 - 1213112016 

Number of Composite Samples 11 8 11 

% Nondetects 27% 13% 0% 

Mean 339 µg/L 6.00 µg/L 8.05 SU 

Median 330 µg/L 6.09 µg/L 8.05 SU 

Standard Deviation Intrawell limits; 161 µg/L 1.01 µg/L 0.09 SU 

Coefficient of Variation see Table 12 0.476 0.169 0.011 

Maximum 628 µg/L 7.60 µg/L 8.19 SU 

Number of Comparisons 16 16 16 

alpha per comp ( a..djus1ec1) 6.25E-04 6.25E-04 3.13E-04 

lait,i 4.44 5.20 4.90 

Critical Mean 1087 µg/L l l.59 µg/L 8.50 SU 

Lower Critical Range 7.59 SU 

su standard unit 

Table 12. lntrawell Critical Means for the 1325-N (116-N-3) Liquid Waste Disposal Facility for 
CY 2017 Comparisons 

Statistic 199-N-32 199-N-41 199-N-81 

Specific Conductance Intrawell Critical Means 

Mean 485 µSiem 602 µSiem 506 µSiem 

Standard Deviation 36 µSiem 42 µSiem 19 µSiem 

Number of Composite Samples 12 11 13 

Levene test p-value 0.094 0.094 0.094 

Pooled Standard Deviation (log scale) 0.062 0.062 0.062 

Pooled Sample Siz.e 36 36 36 

alpha 0.01 O.Dl O.Dl 

dfpoolecl 33 33 33 

lait,; 3.01 3.01 3.01 

Critical Mean 588 µSiem 731 µSiem 613 µSiem 
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Table 13. Critical Means for the 13~NA (120-N-1) Percolation Pond and 1324-N (120-N-2) 
Surface lmpoundment for CY 2017 Comparisons 

Specific Total Organic 
Statistic Conductance Carbon 

Number of Upgradient Wells 

Date Range for Data 

Number of Composite Samples 10 

% Nondetects 40% 

Mean 386 µg/L 

Median 307 µg/L 

Standard Deviation Intra well limits; . 139 µg/L 

Coefficient of Variation see Table 14 0.361 

Maximwn 610 µg/L 

Number of Comparisons 16 

alpha per comp (<lacljuttx1) 6.25E-04 

ta;,.i 4.62 

Critical Mean 1061 µg/L 

Lower Critical Range 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log nonnally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 
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Total Organic pH 
Halides Measurement 

1 

3/7/2013 - 12/31/2016 

8 17 

0% 0% 

9.49 µg/L 8.05 SU 

8.00 µg/L 8.09 SU 

4.06 µg/L 0.15 SU 

0.428 0.019 

14.43 µg/L 821 SU 

16 16 

6.25E-04 3.13E-04 

5.20 4.24 

31.90· µg/L 8.72a.b SU 

7_37a,b SU 
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Table 14. lntrawell Critical Means for the 1324-NA (120-N-1) Percolation Pond and 1324-N (120-N-2) 
Surface lmpoundment for CY 2017 Comparisons 

Statistic 199-N-165 199-N-72 199-N-73 

Specific Conductance Iotrawell Critical Means 

Mean 700 µSiem 875 µSiem 708 µSiem 

Standard Deviation 73 µSiem 75 µSiem 129 µS iem 

Number of Composite Samples 21 13 13 

Levene test p-value 0 .015 O.Ql5 0.015 

Pooled Standard Deviation (log scale) 0.127 0.127 0.127 

Pooled Sample size 47 47 47 

alpha O.Ql 0.01 0.01 

dfj,oo1cc1 44 44 44 
tau,; 2.96 2.96 2.96 

Critical mean 1028 µSiem 1292 µS iem 1045 µSiem 
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Table 15. Critical Means for the 216-A-29 Ditch for CY 2017 Comparisons 

Spectftc Total Organic Total Orgallic pH 
Statistic Conductance Carbon lhlkles Measurement 

Number ofUpgradient Wells 3 

Date Range for Data 
1/912015 - 411/2015 -

1/912015 - 12/31/2016 
12131/2016 12/31/2016 

Number of Composite Samples 21 18 17 21 

% Nondetects 0% 39% 65% 0% 

Mean 294 µSiem 378 µg/L NA 8.22 SU 

Median 287 µSiem 330 µg/L NA 8.24 SU 

Standard Deviation 29 µSiem 197 µg/L NA 0.18 SU 

Coefficient of Variation 0.099 0.521 NA 0.022 

Maximum 350 µSiem 815 µg/L 15.93c µg/L 8.63 SU 

Number of Comparisons 32 32 NA 32 

alpha per comp ( il.adjuslcd) 3.13E-04 3.13E-04 NA l.56E-04 

tan.j 4.05 4.18 NA 4.35 

Critical Mean 415" µSiem 12251.b µg/L NA 9.02 SU 

Lower Critical Range 7.42 SU 

a. Dataset not _normally distributed based on Shapiro-Wille Test (p < 0.05). 

h . Dataset not log normally di~buted based on Shapiro-Wilk Test (p < 0.05). 

c. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

SU = standard unit 
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Table 16. Critical Means for the 216-A-29 Ditch• NEW for CY 2017 Comparisons 

Spedftc Total Organic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number -0fUpgradient Wells 4 

Date Range for Data 
119/2015 - 411/2015 -

l/912015 - 12/3112016 12/3}/2016 1213112016 

Number of Composite Samples 19 15 14 19 

% Nondetects 0% 27% 79% 0% 

Mean 348 µSiem 360 µg/L NA 8.22 SU 

Median 340 µSiem 367 µg/L NA 8.23 SU 

Standard Deviation 88 µSiem 89 µg/L NA 0.21 SU 

Coefficient of Variation 0.254 0.246 NA 0.026 

Maximum 489 µSiem 521 µg/L 7.70b µg/L 8.75 SU 

Number of Comparisons 28 28 NA 28 

alpha per comp ( Cla.tius1..i) 3.57E-04 3.57E-04 NA l.79E-04 

bi.; 4.07 4.31 NA 4.38 

Critical Mean 7171 µSiem 7561 µg/L NA 9.18 SU 

Lower Critical Range 7.27 SU 

a. Dataset not log normally distributed based on Shapiro-Will< Test (p < 0.05). 

b. Percent nondetects too high to calculate'critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 17. Crltlcal Means for the 216-A-368 PUREX Plant Crib for CY 2017 Comparisons 

Speciftc Total Oraanic Total Organic 
Statistic Conductance Carbon Halides 

Number ofUpgradient Wells 1 

Date Range for Data 1/14/2013 - 12/31/2016 

Number of Composite Samples 9 8 

% Nondetects 0% 38% 

Mean 710 µSiem 294 µg/L 

Median 714 µSiem 281 µg/L 

Standard Deviation 25 µSiem 86 µg/L 

Coefficient of Variation 0.035 0.294 

Maximum 756 µSiem 459 µg/L 

Number of comparisons 16 16 

alpha per comp ( <X.djus1ec1) 6.25E-04 6.25E-04 

ta;~; 4.86 5.20 

Critical Mean · 836 µSiem 770 µg/L 

Lower Critical Range 

a. Dataset not normally distributed based on Shapiro-Will< Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 
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8 

38% 

5.36 µg/L 

4.06 µg/L 

5.13 µg/L 

0.958 

17.43 µg/L 

16 

6.25E-04 

5.20 

33 .69'b µg/L 

pH 
Measurement 

9 

0% 

7.85 su 

7.82 su 

0.11 SU 

0.014 

8.10 SU 

16 

3.13E-04 

5.43 

8.49 SU 

7.20 su 
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Table 18. Critical Means for the 216-A-368 PUREX Plant Crib. NEW for CY 2017 Comparisons 

Specific Total Organic Total Organic 
Statistic Conductance Carbon Halides 

Number ofUpgradient Wells 2 

Date Range for Data 111412013 - 1213112016 

Number of Composite Samples 12 8 

% Nondetects 0% 38% 

Mean 664 µSiem 294 µg/L 

Median 705 µSiem 281 µg/L 

Standard Deviation 85 µSiem 86 µg/L 

Coefficient ofVariation 0.128 0.294 

Maximum 756 µSiem 459 µg/L 

Number of comparisons 24 24 

alpha per comp ( <ladjusted) 4.17£-04 4.17£-04 

tan.; 4.55 5.58 

Critical Mean 10661,b µSiem 804 µg/L 

Lower Critical Range 

a Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 

24 

8 

38% 

5.36 µg/L 

4.06 µg/L 

5.13 µg/L 

0.958 

17.43 µg/L 

24 

4.17E-04 

5.58 

35.75 a,b µg/L 

pH 
Measurement 

12 

0% 

7.89 SU 

7.83 SU 

0.15 SU 

0.019 

8.16 SU 

24 

2.08E-04 

4.98 

8.67 a,b SU 

7.12 a,b SU 
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Table 19. Crltlcal Means for the 216-A-37-1 PUREX Plant Crib for CY 2017 Comparisons 

Specific Total Organic Total Organic 
Statistic Conductance Carbon Halides 

Number ofUpgradient Wells 2 

Date Range for Data 7/7/2014 - 12131/2016 

Number of composite samples 12 10 

% Nondetects 0% 50% 

Mean 512 µSiem 348 µg/L 

Median 578 µSiem 337 µg/L 

Standard Deviation 104 µSiem 86 µg/L 

Coefficient of Variation 0.204 0.246 

Maximum 623 µSiem 521 µg/L 

Number of Comparisons 20 20 

alpha per comp (~) 5.00E-04 5.00E-04 

tern.; 4.44 4.78 

Critical Mean 993a.b µSiem 777• µg/L 

Lower Critical Range 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distnlruted based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 

25 

8 

38% 

5.00 µg/L 

4.64 µg/L 

1.69 µg/L 

0.338 

8.35 µg/L 

20 

5.00E-04 

5.41 

14.69 µg/L 

pH 
Measurement 

12 

0% 

8.20 SU 

8.07 SU 

0.28 SU 

0.035 

8.75 SU 

20 

2.50E-04 

4.86 

9.64 SU 

6.77 SU 
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Table 20. Critical Means for the 216-A-37-1 PUREX Plant Crib - NEW for CY 2017 Comparisons 

Specific Total Organic Total Orga• ic pH 
Statistic Conductance Carbon Halides Measurement 

Number of Upgradient Wells 2 

Date Range for Data 
1/9/2015 - 4/1/2015 -

119/2015 - 12/31/2016 
12/31/2016 12131/2016 

Number of composite samples 11 9 8 11 

% Nondetects 0% 44% 63% 0% 

Mean 465 µSiem 338 µg/L NA 8.32 SU 

Median 497 µSiem 345 µg/L NA 8.33 SU 

Standard Deviation 57 µSiem 90 µg/L NA 0.22 SU 

Coefficient of Variation 0.123 0.266 NA 0.026 

Maximum 523 µSiem 521 µg/L 4 .78c µg/L 8.75 SU 

Number of comparisons 20 20 NA 20 

alpha per comp ( <Xadjus1ec1) 5.00E-04 5.00E-04 NA 2.S0E-04 

t.:ru.i 4.59 5.04 NA 5.05 

Critical mean 7391,b µSiem 817a,b µg/L NA 9.46 SU 

Lower critical range 7.18 SU 

a Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not Jog normally distributed based on Shapiro-Wilk Test (p < 0.05). 

c. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 21. Critical Means for the 216-B-3 Pond for CY 2017 Comparisons 

Speclfk Total Organic Total Oraanlc pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 2 

Date Range for Data · 21612014 - 12131/2016 

Number of composite samples 13 11 8 13 

% Nondetects 0% 27% 88% 0% 

Mean 287 µSiem 517 µg/L NA 8.04 SU 

Median 285 µSiem 416 µg/L NA 8.09 SU 

Standard Deviation 31 µSiem 423 µg/L NA 0.19 SU 

Coefficient of Variation 0.109 0.818 NA 0.024 

Maximum 336 µSiem 1510 µg/L 5.ooc µg/L 8.25 SU 

Number of comparisons 20 20 NA 20 

alpha per comp ( «.diustec1) 5.00E-04 5.00E-04 NA 2.50E-04 

tcr.,; 4.32 4.59 NA 4.72 

Critical mean 428 µSiem 25438 µg/L NA 8.98b SU 

Lower critical range 7.09bsu 

a. Dataset not normally distnbuted based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wille Test (p < 0.05). 

c. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison . 

NA = not applicable or not available 

su = standard unit 
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Table 22. Critical Means for the 216-B-3 Pond • NEW for CY 2017 Comparisons 

Specific Total Organic Tobi Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 2 

Date Range for Data 2/6/2014 - 12/31/2016 

Number of composite samples 13 11 8 13 

% Nondetects 0% 27% 88% 0% 

Mean 287 µSiem 517 µg/L NA 8.04 SU 

Median 285 µSiem 416 µg/L NA 8.09 SU 

Standard Deviation 31 µSiem 423 µg/L NA 0.19 SU 

Coefficient of Variation 0.109 0.818 NA 0.024 

Maximum 336 µSiem 1510 µg/L 5.00° µg/L 8.25 SU 

Number of comparisons 20 20 NA 20 

alpha per comp ( aadjus1ec1) 5.00E-04 5.00E-04 NA 2.S0E-04 

tan; 4.32 4.59 NA 4.72 

Critical mean 428 µSiem 2543• µg/L NA 8.98b SU 

Lower critical range 7.09b SU 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

c. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 23. Critical Means for the 216-B-63 Trench for CY 2017 Comparisons 

Specific Total Organic Total Organic pH 
Statutic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 3 

Date Range for Data 41312015 - 12131/2016 

Number of composite samples 13 13 8 13 

% Nondetects 0% 38% 63% 0% 

Mean 611 µSiem 313 µg/L NA 8.12 SU 

Median 645 µSiem 306 µg/L NA 8.10 SU 

Standard Deviation 74 µSiem 76 µg/L NA 0.09 SU 

Coefficient of Variation 0.122 0.242 NA 0.011 

Maximum 685 µSiem 430 µg/L 7.70° µg/L 8.24 SU 

Number of comparisons 24 24 NA 24 

alpha per comp ( <ladjus1cc1) 4.17E-04 4.17E-04 NA 2.0SE-04 

lcrit,i 4.42 4.42 NA 4.82 

Critical mean 951 a.b µSiem 659 1,b µg/L NA 8.56 SU 

Lower critical range 7.68 SU 

a. Dataset not normally distnl>uted based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

c. Percent nondetects too high to calculate critical mean. Maximum of background used as e qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 24. Critical Means for the 216-S-10 Pond and Ditch for CY 2017 Comparisons 

Specif"IC Total Organic Total Organic pH 
Stati1tic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells I 

Date Range for Data 5/5/2015 - 12/31/2016 

Number of composite samples 4 4 4 4 

% Nondetects 0% 100% 25% 0% 

Mean 299 µSiem NA 7.38 µg/L 7.68 SU 

Median 300 µSiem NA 6.71 µg/L 7.68 SU 

Standard Deviation 7 µSiem NA 2.43 µg/L 0.18 SU 

Coefficient of Variation 0.023 NA 0.329 0.024 

Maximum 306 µSiem 7201 µg/L 10.63 µg/L 7.85 SU 

Number of comparisons 20 NA 20 20 

alpha per comp ( <la.ljusted) 5.00E-04 NA 5.00E-04 2.50E-04 

tau,; 12.92 NA 12.92 16.33 

Critical mean 398 µSiem NA 42.44 µg/L 11.04 SU 

Lower critical range 4.31 SU 

a. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 25. Critical Means for the Liquid Effluent Retention Facility for CY 2017 Comparisons 

Speclfic Total Organic Total Organic 
Statistic Conductance Carbo• Halides 

Number ofUpgradient Wells I 

Number of compliance wells 2 

Date Range for Data 9/11/2011 - 12/31/2016 

Number of composite samples 30 25 

% Nondetects 0% 0% 

Mean 752 µSiem 1288 µg/L 

Median 764 µSiem 741 µg/L 

Standard Deviation 57 µSiem 1071 µg/L 

Coefficient of Variation 0.076 0.832 

Maximum 834 µSiem 4900 µg/L 

Number of compariso:t;J.S 12 12 

alpha per comp ( <lad_iusted) 8.33E-03 8.33E-03 

tcru,i 3.48 4.37 

Critical mean 838 µSiem 3920a,b µg/L 

Lower critical range 

a. Dataset not nonnally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 

31 

27 

19% 

5.98 µg/L 

5.03 µg/L 

2.54 µg/L 

0.424 

10.40 µg/L 

12 

8.33£-03 

3.59 

10.33 a,b µg/L 

pH 
Measurement 

31 

0% 

7.92 SU 

7.92 SU 

0.14 SU 

0.017 

8.15 SU 

12 

4.17E-04 

3.90 

8.08 SU 

7.68 SU 
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Table 26. Critical Means for Low-Level Waste Management Area 1 for CY 2017 Comparisons 

Specific Total Organic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 8 

Date Range for Data 1/1312015 - 1213112016 

Number of composite samples 33 33 28 33 

% Nondetects 0% 61% 71% 0% 

Mean 526 µSiem NA NA 8.06 SU 

Median 503 µSiem NA NA 8.08 SU 

Standard Deviation 99 µSiem NA NA 0.12 SU 

Coefficient of Variation 0.189 NA NA 0.015 

Maximum 739 µSiem 720C µg/L 6.21c µg/L 8.26 SU 

Number of comparisons 52 NA NA 52 

alpha per comp ( <l,wiJUSlcd) 1.92E-04 NA NA 9.62E-05 

tan.1 3.97 NA NA 4.21 

Critical mean 9261,b µSiem NA NA 8.58a,b SU 

Lower critical range 7_54a,b SU 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 
c. Percent ilondetects too high to calculate critical mean. Maximum of background used as n qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 27. Critical Means for Low-Level Waste Management Area 1 • NEW for CY 2017 Comparisons 

Specific Total Organic Total Orgulc 
Statistic Conductance Carbon Halldes 

Number ofUpgradient Wells 2 

Date Range for Data 7/30/2014 - 12131/2016 

Number of composite samples 9 9 

% Nondetects 0% 44% 

Mean 444 µSiem 363 µg/L 

Median 453 µSiem 360 µg/L 

Standard Deviation 26 µSiem 179 µg/L 

Coefficient of Variation 0.059 0.493 

Maximum 477 µSiem 725 µg/L 

Number of comparisons 28 28 

alpha per comp ( llacljustecl) 3.57E-04 3.57E-04 

ta-..i 5.32 5.32 

Critical mean 592 µSiem 13661,b µg/L 

Lower critical range 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 
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8 

38% 

2.86 µg/L 

2.51 µg/L 

0.92 µg/L 

0.321 

4.54 µg/L 

28 

3.57E-04 

5.73 

8.43 µg/L 

pH 
Measurement 

9 

0% 

7.98 SU 

8.03 SU 

0.14 SU 

0.017 

8.17 SU 

28 

l.79E-04 

5.91 

8.84 SU 

7.12 SU 
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Table 28. Critical Means for Low-level Waste Management Area 2 for CY 2017 Comparisons 

Specific Total Organic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 1 

Date Range for Data 10/1 512012 -12131/2015 

Number of composite samples 9 9 8 9 

% Nondetects 0% 56% 13% 0% 

Mean 554 µSiem NA 7.52 µg/L 8.06 SU 

Median 557 µSiem NA 6.84 µg/L 8.07 SU 

Standard Deviation 15 µSiem NA 2.81 µg/L 0.07 SU 

Coefficient of Variation 0.027 NA 0.373 0.009 

Maximum 578 µSiem 7201 µg/L 12.20 µg/L 8.16 SU 

Number of comparisons 36 NA 36 36 

alpha per comp ( O..djusted) 2.78E-04 NA 2.78E-04 l.39E-04 

fart.i 5.53 NA 5.98 6.14 

Critical mean 642 µSiem NA 25 .31 µg/L 8.53 SU 

Lower critical range 7.59 SU 

a. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 29. Critical Means for Low-Level Waste Management Area 3 for CY 2017 Comparisons 

Specific Total Oraanic Total Organic 
Statistic Conductance Carbon Halides 

Number ofUpgradient Wells 1 

Date Range for Data 611212013 -12131/2016 

Number of composite samples 8 8 

% Nondetects 0% 13% 

Mean 389 µSiem 443 µg/L 

Median 385 µSlcni 376 µg/L 

Standard Deviation 13 µSiem 176 µg/L 

Coefficient of Variation 0.034 0.397 

Maximum 406 µSiem 702 µg/L 

Number of comparisons 16 16 

alpha per comp (iladjw1e<1) 6.25E-04 6.25E-04 

lcrit,i 5.20 5.20 

Critical mean 462 µSiem 1413 µg/L 

Lower critical range 

a. Dataset not normally distributed based on Shapiro-Wilk Test (p < 0.05). 

b. Dataset not log normally distributed based on Shapiro-Wilk Test (p < 0.05). 

su = standard unit 
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7 

43% 

5.16 µg/L 

5.13 µg/L 

0.68 µg/L 

0.132 

6.09 µg/L 

16 

6.25E-04 

5.71 

9.321,b µg/L 

pH Measurement 

8 

00/o 

8.03 SU 

8.00 SU 

0.10 SU 

0.012 

8.18 SU 

16 

3.13E-04 

5.86 

8.63 SU 

7.43 SU 
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Table 30. lntrawell Critical Means for Low-Level Waste Management Area 3 for CY 2017 Comparisons 

Statistic 199-Wl0-19 199-Wl0-30 199-Wl0-31 

Specific Conductance lntrawell Critical Means 

Mean 395 µSiem 416 µSiem 526 µSiem 

Standard Deviation 11 µSiem 25 µSiem 69 µSiem 

Number of composite samples 9 10 10 

Levene test p-value 0.002 0.002 0.002 

Pooled standard Deviation (log scale) 0.082 0.082 0.082 

Pooled sample size 0.01 0.01 0.01 

alpha 26 26 26 

dii,ooled 3.07 3.07 3.07 

bt.i 516 543 686 

Critical mean 395" µSiem 416" µSiem 526• µSiem 

Total Organic Carbon Intrawell Critical Means 

Mean 266 µg/L 445 µg/L 402 µg/L 

Standard Deviation 163 µg/L 258 µg/L 154 µg/L 

Number of composite samples 8 9 10 

Levene test p-value 0.092 0.092 0.092 

Pooled standard Deviation (log scale) 0.477 0.477 0.477 

Pooled sample size o.oi o.oi 0.01 

alpha 24 24 24 

dfpooled .3.09 3.09 3.09 

tan.; 1268 2105 1886 

Critical mean 266 µg/L 445 µg/L 402 µg/L 

Total Organic Halides Intrawell Critical Means 

Mean 8.10 µg/L 10.72 µg/L 18.22 µg/L 

Standard Deviation 3.36 µg/L 5.56 µg/L 3.20 µg/L 

Number of composite samples 7 8 8 

Levene test p-value 0.045 0.045 0.045 

Pooled Standard Deviation (log scale) 0.396 0.396 0.396 

Pooled sample size 0.01 O.Ql o.oi 

alpha 20 20 20 

dfpooled 3.15 3.15 3.15 

tan.; 30.80 40.33 68.57 

Critical mean 8.104 µg/L 10.72• µg/L 18.22" µg/L 
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Table 30. lntrawell Critical Means for Low-Level Waste Management Area 3 for CY 2017 Comparisons 

Statistic 299-WI0-29 299-WI0-30 

pH Measurement Intrawell Critical Means 

Mean 7.95 SU 

Standard Deviation 0.09 SU 

Number of composite samples 9 

Levene test p-value 0.754 

Pooled standard Deviation 0.130 

Pooled sample size O.Dl 

alpha 26 

dfpooled 3.07 

icrn,i 8.37 

Upper critical range 7.53 SU 

Lower critical range 7.95 SU 

a. Dataset indicates evidence ofheteroscedasticity (Levene Test p < 0.05). 

su = standard unit 
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7.88 SU 

0.13 SU 

10 

0.754 

0.130 

0.01 

26 

3.07 

8.30 

7.46 SU 

7.88 SU 

299-WI0-31 

7.85 SU 

0.16 SU 

10 

0.754 

0.130 

O.Ql 

26 

3.07 

8.27 

7.43 SU 

7.85 SU 
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Table 31. Critical Means for Low-Level Waste Management Area 4 for CY 2017 Comparisons 

Specific TotalOrguk Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Wells 1 

Date Range for Data 2/1012010 - 12/31/2016 

Number of composite samples 11 8 7 11 

% Nondetects 0% 38% 14% 0% 

Mean 553 µSiem 346 µg/L 11.15 µg/L 7.88 SU 

Median 547 µSiem 256 µg/L 12.90 µg/L 7.89 SU 

Standard Deviation 35 µSiem 267 µg/L 6.98 µg/L 0.18 SU 

Coefficient of Variation 0.063 0.773 0.626 0.022 

Maximum 602 µSiem 968 µg/L 22.10 µg/L 8.27 SU 

Number of comparisons 24 24 24 24 

alpha per comp ( lladjustec1) 4.17E-04 4.l'IB-04 4.17E-04 2.08E-04 

fau.i 4.71 5.58 6.17 5.17 

Critical mean 725 µSiem 1926 µg/L 57.18 µg/L 8.83 SU 

Lower critical range 6.94 SU 

su standard unit 
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Table 32. Critical Means for Low-Level Waste Management Area 4 - NEW for CY 2017 Comparisons 

Speclfk Total Orxanic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

NumberofUpgradientWells 1 

Date Range for Data 
511212004 -

1/1312016- 12/3112016 
511212004-

1213112016 12131/2016 

Number of composite samples 22 3 3 22 

% Nondetects 0% 100% 0% 0% 

Mean 388 µSiem NA 9.40 µg/L 7.71 SU 

Median 389 µSiem NA 9.00 µg/L 7.72 SU 

Standard Deviation 11 µSiem NA 0.78 µg/L 0.10 SU 

Coefficient of Variation 0.028 NA 0.083 0.012 

Maximum 410 µSiem 720'- µg/L 10.30 µg/L 7.91 SU 

Number of comparisons 28 NA 28 28 

alpha per comp ( Oadjus1ed) 3.57E-04 NA 3.57E-04 l.79E-04 

ta;1,; 3.96 NA 37.40 4.25 

Critical mean 432 µSiem NA 43.13 µg/L 8.13 SU 

Lower critical range 7.29 SU 

a. Percent nondetects too high to calculate critical mean. Maximum of background used as a qualitative comparison. 

NA = not applicable or not available 

su = standard unit 
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Table 33. Critical Means for Nonradioactive Dangerous Waste Landfill for CY 2017 Comparisons 

Specific Total Organic Total Organic pH 
Statistic Conductance Carbon Halides Measurement 

Number ofUpgradient Well s 3 

Date Range for Data 112 1120 16 - 12131/2016 411312016 
112112016 -
12131120 16 

Number of composite samples 9 8 7 9 

% Nondetects 0% 13% 100% 0% 

Mean 504 µSiem 350 µg/L NA 7.38 SU 

Median 511 µSiem 380 µg/L NA 7.39 SU 

Standard Deviation 21 µSiem 116 µg/L NA 0.09 SU 

Coefficient of Variation 0.042 0.332 NA 0.012 

Maximum 532 µSiem 482 µglL 7.70" µg/L 7.56 SU 

Number of comparisons 32 32 NA 32 

alpha per comp (uadjus1e<1) 3.13£ -04 3.13£ -04 NA l .56E-04 

tcnt,i 5.43 5.86 NA 6.03 

Critical mean 625 µSiem 1072 µg/L NA 7.92 SU 

Lower critical range 6.83 SU 

a. Percent nondetects too high to calcul ate cri tica l mean . Max imum o f background used as a qualitative comparison. 

NA = not applicable or not ava ilable 

su = standard unit 
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Appendix A 

List of Upgradient and Downgradient Wells by Site 
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A 1 List of Upgradient and Downgradient Wells by Site 

Table A-1 presents the list of RCRA Site upgradient and downgradient wells used for the critical mean 
calculations. 

Table A-1. List of Wells by Site 

Site8 Locatioob WeUNamee Use 

116-N-l (1301-N) DOWN 199-N-IOSA TRUE 

I 16-N-l (1301-N) DOWN 199-N-2 TRUE 

I 16-N-l (1301-N) DOWN 199-N-3 TRUE 

116-N-1 (1301-N) UP 199-N-34 TRUE 

116-N-1 (1301-N) UP 199-N-57 TRUE 

116-N-3 (1325-N) DOWN 199-N-32 TRUE 

116-N-3 (1325-N) DOWN 199-N-41 TRUE 

116-N-3 (1325-N) UP 199-N-74 TRUE 

116-N-3 (1325-N) DOWN 199-N-81 TRUE 

120-N-l and 120-N-2 (1324-N/NA) DOWN 199-N-165 TROE 

120-N-1 and 120-N-2 (1324-N/NA) UP 199-N-71 TRUE 

120-N-1 and 120-N-2 (1324-N/NA) DOWN 199-N-72 TRUE 

120-N-1 and 120-N-2 (1324-N/NA) DOWN 199-N-73 TRUE 

216-A-29 Ditch DOWN 299-E25-26 TRUE 

216-A-29 Ditch DOWN 299-E25~32P TRUE 

216-A-29 Ditch DOWN 299-E25-34 TRUE 

216-A-29 Ditch DOWN 299-E25-35 TRUE 

216-A-29 Ditch DOWN 299-E25-48 TRUE 

216-A-29 Ditch UP 299-E26-12 TRUE 

216-A-29 Ditch UP 299-E26-13 TRUE 

216-A-29 Ditch UP 699-43-45 TRUE 

216-A-29 Ditch-NEW DOWN 299-E25-26 TRUE 

216-A-29 Ditch-NEW DOWN 299-E25-32P TRUE 

216-A-29 Ditch-NEW UP 299-E25-34 TRUE 

216-A-29 Ditch-NEW DOWN 299-E25-35 TRUE 

216-A-29 Ditch-NEW UP 299-E25-43 TRUE 

216-A-29 Ditch-NEW UP 299-E25-47 TRUE 

216-A-29 Ditch-NEW UP 299-E26-13 TRUE 

216-A-36B Crib DOWN 299-E17-14 TRUE 
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Table A-1. List of Wells by Site 

Site• Locationb WeUNamec Use 

21 6-A-36B Crib DOWN 299-El 7-16 TRUE 

216-A-36B Cnb DOWN 299-E l?-18 TRUE 

216-A-36B Crib UP 299-E17-19 TRUE 

216-A-36B Crib-NEW UP 299-El7-1 TRUE 

216-A-36B Crib-NEW DOWN 299-El7-14 TRUE 

216-A-36B Crib-NEW DOWN 299-El?-15 TRUE 

216-A-36B Crib-NEW DOWN 299-E l7-16 TRUE 

216-A-36B Crib-NEW DOWN 299-El7-18 TRUE 

216-A-36B Crib-NEW UP 299-El7-19 TRUE 

216-A-37-1 Crib DOWN 299-E25-1 7 TRUE 

216-A-37-1 Crib DOWN 299-E25-19 TRUE 

216-A-37-1 Crib DOWN 299-£25-20 TRUE 

216-A-37-1 Crib UP 299-E25-47 TRUE 

216-A-37-1 Crib UP 299-E25-48 TRUE 

216-A-37-1 Crib-NEW DOWN 299-E25-17 TRUE 

216-A-37-1 Crib-NEW DOWN 299-E25-19 TRUE 

216-A-37-l Crib-NEW DOWN 299-E25-20 TRUE 

216-A-37- l Crib-NEW UP 299-E25-35 TRUE 

216-A-37-1 Cnb-NEW UP 299-E25-47 TRUE 

216-B-3 Pond DOWN 699-42-42B TRUE 

216-B-3 Pond DOWN 699-43-44 TRUE 

216-B-3 Pond DOWN 699-43-45 TRUE 

216-B-3 Pond UP 699-44-39B TRUE 

216-B-3 Pond UP 699-45-42 TRUE 

216-B-3 Pond-NEW DOWN 699-42-42B TRUE 

216-B-3 Pond-NEW DOWN 699-43-44 TRUE 

216-B-3 Pond-NEW DOWN 699-43-45 TRUE 

216-B-3 Pond-NEW UP 699-44~39B TRUE 

216-B-3 Pond-NEW UP 699-45-42 TRUE 

216-B-63 DOWN 299-E27-16 TRUE 

216-B-63 DOWN 299-E27-18 TRUE 

216-B-63 DOWN 299-E27-19 TRUE 

A-2 



ECF-HANFORD-17-0009, REV. 0 

Table A-1. List of Wells by Site 

Site- Location11 Well Name~ Use 

216-B-63 UP 299-E33-33 TRUE 

216-B-63 UP 299-E34-12 TRUE 

216-B-63 UP 299-E34-8 TRUE 

216-S-10 Pond and Ditch DOWN 299-W26-13 TRUE 

216-S-10 Pond and Ditch DOWN 299-W26-14 TRUE 

·216-S-l0 Pond and Ditch DOWN 699-32-76 TRUE 

216-S-10 Pond and Ditch DOWN 699-33-75 TRUE 

216-S-10 Pond and Ditch UP 699-33-76 TRUE 

LERF UP 299-E26-14 TRUE 

LERF DOWN 299-E26-15 TRUE 

LERF DOWN 299-E26-79 TRUE 

LLWMA-1 DOWN 299-E28-26 TRUE 

LLWMA-1 DOWN 2_99-E28-27 TRUE 

LLWMA-1 DOWN 299-E28-28 TRUE 

LLWMA-1 UP 299-E32-1 0 TRUE 

LLWMA-1 UP 299-E32-3 TRUE 

LLWMA-1 UP 299-E32-5 TRUE 

LLWMA-1 UP 299-E32-6 TRUE 

LLWMA-1 UP 299-E32-7 TRUE 

LLWMA-1 UP 299-E32-8 TRUE 

LLWMA-1 UP 299-E32-9 TRUE 

LLWMA-1 DOWN 299-E33-28 TRUE 

LLWMA-1 DOWN 299-£33-29 TRUE 

LLWMA-1 UP 299-E33-34 TRUE 

LL WMA-1-New DOWN 299-E28-26 TRUE 

LLWMA-1-New DOWN 299-E28-27 TRUE 

LLWMA-1-New DOWN 299-£28-28 TRUE 

LLWMA-1-New UP 299-E32-3 TRUE 

LLWMA-1-New UP 299-E33-266 TRUE 

LLWMA-1-New DOWN 299-E33-28 TRUE 

LLWMA-1-New DOWN 299-£33-29 TRUE 

LLWMA-2 DOWN 299-£27-10 TRUE 
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Table A-1. List of Wells by Site 

Site8 Location• Well Namee Use 

LLWMA-2 DOWN 299-£27-11 TRUE 

LLWMA-2 DOWN 299-£27-17 TRUE 

LLWMA-2 DOWN 299-E27-8 TRUE 

LLWMA-2 DOWN 299-E27-9 TRUE 

LLWMA-2 DOWN 299-£34-10 TRUE 

LLWMA-2 DOWN 299-£34-12 TRUE 

LLWMA-2 UP 299-E34-2 TRUE 

LLWMA-2 DOWN 299-E34-9 TRUE 

LLWMA-2-New DOWN 299-£27-10 TRUE 

LLWMA-2-New DOWN 299-E27-8 TRUE 

LLWMA-2-New DOWN 299-E27-9 TRUE 

LLWMA-2-New UP 299-E34-2 TRUE 

LLWMA-3 DOWN 299-Wl0-29 TRUE 

LLWMA-3 DOWN 299-WI0-30 TRUE 

LLWMA-3 DOWN 299-WI0-31 TRUE 

LLWMA-3 UP 299-W9-2 TRUE 

LLWMA-4 DOWN 299-Wl5-152 TRUE 

LLWMA-4 DOWN 299-Wl5-224 TRUE 

LLWMA-4 DOWN 299-W15-30 TRUE 

LLWMA-4 DOWN 299-Wl5-83 TRUE 

LLWMA-4 DOWN 299-Wl5-94 TRUE 

LLWMA-4 UP 299-W18-21 TRUE 

LLWMA-4-NEW DOWN 299-WlS-152 TRUE 

LLWMA-4-NEW DOWN 299-Wl5-224 TRUE 

LLWMA-4-NEW DOWN 299-W15-30 TRUE 

LLWMA-4-NEW DOWN 299-Wl5-83 TRUE 

LLWMA-4-NEW DOWN 299-WIS-94 TRUE 

LLWMA-4-NEW UP 299-Wl7-l TRUE 

LLWMA-4-NEW DOWN 299-W18-40 TRUE 

NRDWL DOWN 699-25-34B TRUE 

NRDWL DOWN 699-25-34D TRUE 

NRDWL DOWN 699-25-34F TRUE 
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Table A-1. List of Wells by Site 

Stte- Locationb Well Namee Use 

NRDWL DOWN 699-26-33A TRUE 

NRDWL UP 699-26-34A TRUE 

NRDWL DOWN 699-26-34B TRUE 

NRDWL UP 699-26-35A TRUE 

NRDWL UP 699-26-38 TRUE 

a. Site is the Resource Conservation and Recovery Act of J 976 (RCRA) site. 

b. Location is the specified location (upgradient or downgradient) of the well from the RCRA site. 

c. Well name is the name of the well . 
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Appendix B 

Critical Means Analysis R Code 
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B1 Critical Means Analysis R Code 

Appendix B includes the R code used to process the data and calculate critical means for each site. 
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#-This script calculates the Critical Means for Hanford RCRA Areas for CY2017 
#-Script written by: E. DiFilippo (SSP&A): modified from ECF-HANFORD-13--0013, REV. 0 
#-R Version: 3.1.3 
#-Package data.table version: 1.9.4 
#-Package NADA version: 1.5-6 
#-Package resbape2 version: 1.4 
#- Package plyr version: 1.8.1 
#-Package outliers vctSion: 0.14 

--# 

#------------------ ----
#-Set working dmctory-# 
setwd("Z:/ 1393 _HANFORD_ FY2017/094 - RCRA CRITICAL MEANS") 

#--Load Libraries-# 
hbrary( data. table) # used for data storage 
hbmy(NADA) # used for non-detect analysis 
library( outliers) # used for grubbs test for outliers 
library(plyr) # used to provide efficient aggregation functions 
library(resbape2) # used to reformat data 
#- -------------- -----# 

--------------------------11 
#--Import User-Defined Functions-# 
source('R_FunctionstreadCHEMHEIS.R') 

#--Date of Run for File Exporting-# 
DATE <- as.character{Sys.Date()) 

----------# 

- ------------------- ------# 
#--Assign any variables--# 
ALPHA <- 0.01 # site-wide error rate 

#--Read in Data from Text file Downloads from Hanford Databases--# 
DATAl <- readCHEMHEIS('Data/Data Pull - 01122017/qryChemHEISl.txt') 
DATA2 <- readCHEMHEIS('Data/Data Pull - 01122017/qryChemHEIS2.txt') 
DATA<- rbind(DATAI ,DATA2) 
RCRASITES <- fread("Data/2016_Updated_RCRA_GW _Monitoring_ Well_List_Modified_02022016 - recieved from ALee- 1-24-2017.csv", 
header-TRUE) . 

#--Format Sample Dates-# 
DATA[,EVENT := as.POSIXct(EVENT,format=o/om/%d/%Y %H:%M:%S',tz='UTC')] 
DATA[,EVENT := as.Date(EVENT,forma~'% Y-¾m-%d')] 
DATA<- subset(DATA,DATASEVENT >= as.Date(ISOdate(2004,0J ,OJ))) 

#--Subset by Analyto-# 
AN<- c('pH Measurement','Specific Conductance','fotal organic halides','foial organic carbon') 
DATA<- subset(DATA,DATASANALYTE %in% AN) 

#--Import RCRA Site Closure Samples-# 
CLOS <- fread('Data/ClosureSamples _ 01302017 .csv') 
CLOS[,EVENT := as.POSIXct(Date _ Collected,format='%1J11o/od/%Y',tz='UTC'}] 

#--Import New Data for 699-26-38-# 
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NEW<- fread('Data/usr438ext30879.csv') 
NEWSEVENT <- as.Date(ISOdate(2017,01,05)) 
NEWSDIL<-1 
NEWSCOLLECTION _pURPOSE <- 'VER' 
NEWSOWNER_ID <- NA · 
NEWSDEPTH <- NA 
NEW<-subset(NEW,select=c('WELL NAME','EVENT,'FILTERED FLAG','STD CON WNG NAME','STD VALUE RP'ID', 

'STD_ANAL_UNITS=RPTD','LAB_QUALIFIER','REVIEW_QUALIFIER', - - -
'VALIDATION_QUALIFIER','DIL','MEDIA','COLLECTION_PURPOSE', 
'OWNER_ID','MEfHOD _NAME','ReviewDate','DEPTH','STD _REPORTING_UMIT')) 

setnames(NEW,names(NEW),names(DATA)) 
#---·------------------'" 

#--Add New Data-# 
DATA <-Ibind(DATA,NEW) 

#--
#--Remove Closure Samples--# 
ROW <-which(DATASNAME %in% CWSSWell & month(DATASEVENl, = 12 & year(DATA$EVEN1) =2016) 
DATA<- DATA[!ROW,) 

#--Remove TOC OUtlier--# 
ROW <- which(DAT ASNAME = '699-26-38' & DAT ASANALYTE = Total organic carbon' & DATASEVENT = 
as.Date(ISOdate(2016,l 0,17))) 
OATA<-DATA{!ROW,J 

#----------------------# 
#--Drop wells identified but not used-# 
RCRASITES <- subset(RCRASITES, Use = TRUE ) 

#-Export Summary of Total Number of Samples-# 
TOTALS!= data.table(ROWS-c('Total No. Samples', 

Total No. pH Samples', 
Total No. SC Samples', 
Total No. TOC Samples', 
Total No. TOX Samples'), 

TOT A.LS=c(nrow(OATA), 
nrow(DATA[ANAL YTE='pH Measuremcot')), 
nrow(DAT A[ANAL YTE='Specific Conductance1), 
nrow(DAT A[ANAL YTE=Total oreanic carbon1), 
nrow(DAT A[AN AL YTE='Total organic halides']))) 

TOTALS I [,PERCENT := (TOTALS/TOT A.LS[ I))* I 00] 
write.table(TOT A.LSl ,pastcO('Output/fotals _ I _',DATE,' .txt'),sep='I' ,row.names=F Al.SE) 
11----------------------4# . 

#-Subset LERF Data. Evaluated using Diffcrcot Method-# 
LERFSIT.ES <- subset(RCRASITES,Site - 'LERF'} 
LERF <- subsct(DATA,NAME %in% IERFSITESSWELL_NAME) 

#-subset data from upgradic:nt wells. note that some wells serve as both up 
#-and down gradient wells-# 
DATA <- subset(DATA,DATASNAME %in% unique(subset(RCRASITES, WC = "UP")SWELL_NAME )) 

#-Merge Semple Data and Well Info Data-# 
sct:key(DA TA.NAME) 
setkey(RCRASITE.5,WELL_NAME) 
DATA<- RCRASITES[DA T A,allow.cartesian=TRUE] 
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DATA <- DATA[LOC='UP'] 
------------------------# 

#-Export Summary of Total Number of Samples for Upgradient Wells-# 
TOT ALS2 <- data.tablc(ROWS=c('Total No. Samples', 

'Total No . pH Samples', 
'Total No . SC Samples', 
'Total No. roe Samples', 
'Total No. TOX Samples'), 

TOT ALS=c(nrow(DATA), 
nrow(DAT A[ANAL YTE=='pH Measurement')), 
nrow(DA TA( ANAL YTE='Specific Conductance1), 
nrow(DAT A[ANALYTE= 'Total organic carbon1), 
nrow(DAT A[ ANAL YTE= 'Total organic halides']))) 

TOTALS2[,PERCENT := (TOTALSrrOTALS[I))•lOO] 
write.tablc(TOT ALS2,paste0('Ou1put/f otals _UP_' ,DA TE,'.tx:t'),sep=1',row .names=F ALSE) 

#-Check units consistancy--# 
TEMP <- aggregatc(DAT ASUNIT, by=list(DA TASANAL YTE), 

function(x) {kngth(uniquc(x))}) 
if{max(TEMPSx) > l)stop("Different units - check") 

#--Identify nonDctects; TRUE indicates nondetect--# 
DATA[,NDS :- FALSE] 
DATA[grep("U",LABQ),NDS :=TRUE] 

#--Based on discussions censoring will be done base on review~ qualifiers 
#--indicate samples to be dropped because of review qualifiers--# 
ROW <- which(DATASREVIEWQ %like%"{' J DAT ASREVIEWQ %like% 'R' I DAT ASREVIEWQ %like% 'F I DAT ASREVIEWQ %like% 
'Q') 
REMOVED<- DATA[ROW,] 
DATA <-DATA[!ROW,] 
write.table(REMOVED,pasteO('Output!Data _ Removed _',DATE,'.txt'),sep='j' ,row .names=F ALSE) 
#----------- ------------

#-Export Swnmary of Total Number of Samples Removed based on Review Qualifiec--# 
TOT ALS3 <- data.tablc(ROWS=c('Total No. Samples', 

'Total No. pH Samples', 
'Total No. SC Samples', 
'Total No. roe Samples', 
'Total No. TOX Samplest 

TOT ALS3=c(nrow(REMOVED), 
nrow(REMOVED[ANAL YTE='pH Measurement']), 
nrow(REMOVED[ANAL YTE='Specific Conductance']), 
nrow(REMOVED[ANAL YTE-='Total organic carbon']), 
nrow(REMOVED[ANALYTE='Total organic halides']))) 

setkey(TOT ALS2,ROWS) 
setlcey(TOT ALS3,ROWS) 
TOTALS3 <- TOTALS2[TOTALS3] 

TOTALS3[,PERCENT := (TOTALS3ffOTALS)•l00] 
TOT ALS3 <- subset(TOTALS3,select=c('ROWS','TOT ALS3', 'PERCENT')) 
write.tablc(TOT ALS3,paste0('0utput!fotals_ Removed_ Qualifier _',DATE,'.txt'),sep='j',row.names=F ALSE) 

#--use only data from 'routine' or verification collection purpose--# 
REMOVED2 <- DATA(!COLLECTION_PURPOSE %in% c("R",'VER')] 
DATA<- DATA[DATASCOLLECTlON_PURPOSE %in% c("R",'VER'),] 
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#------------ ---------------# 
#- Export Summary of Total Number of Samples Removed based on Collection Pwpose--# 
TOT ALS4 = data.table(ROWS=c('Total No. Samples', 

'Total No. pH Samples', 
'Total No. SC Samples', 
'Total No. roe Samples', 
'Total No. TOX Samples'), 

TOT ALS4=c(nrow(REMOVED2), 
nrow(REMOVED2[ANAL YTE='pH Measurement1), 
nrow(REMOVED2[ ANAL YI'E= 'Spccific Conductance']), 
nrow{REMOVED2[ ANAL YTE= 'Total organic carbon']), 
nrow{REMOVED2[ANAL YTE- 'Total organic halides']))) 

setlcey(TOTALS2,ROWS) 
setlcey(TOT AIS4,ROWS) 
TOT AIS4 = TOT ALS2[TOT ALS4] 

TOT ALS4[ ,PERCENT := (TOT ALS4/fOT ALS)"' l 00) 
TOT ALS4 = subsel(roT ALS4,selcct=c('ROWS', 'TOT ALS4' ,'PERCENr)) 
write.table(TOT ALS4,pasteO('Output/Totals _Removed_ Collection _',DA TE,' .txt'),scp='l',row.names=F ALSE) 

#--Export Summary of Total Number of Aliquots--# 
TOT ALS5 = data.table(ROWS='Total No. Samples', 

TOT ALS=nrow(DATA)) 

TOTALSS[,PER.CENT := (1UTALS/fOTALS2[ROWS='Total No. Samplcs1$'TOTALS)"'l00] 
write.table(TOT AJ.SS,pasteO('Output/Totals _Aliquots _',DATE, '.txt'),sep-'r ,row.names=F ALSE) 
- --------------- -------# 

#--Export Summary of Total Number of Non-Detects--# 
NDS_ TOT = DAT A[NDS=TRUE] 
TOT ALS6 = data.table(ROWS=c('Total No. Samples', 

'Total No. pH Samples', 
'Total No. SC Samples', 
'Total No. roe Samples', 
'Total No. TOX Samples'}, 

TOT ALS6=c(nrow(NDS _ T01), 
nrow(NDS_TOT[ANAL YTE='pH Measuremmt1), 
nrow(NDS _ TOT[ANAL YTE-'Specific Conductance']), 
nrow(NDS_TOT(ANAL YTE='Total organic carbon']), 
nrow(NDS_ TOT[ANAL YTE-'Total organic halides1))) 

setlcey(TOT ALS2,ROWS) 
setkey(TOT AJ.S6,ROWS) 
TOTALS6 = TOTALS2[TOTALS6] 

TOTALS6[,PERCENT := (1UTALS6/fOTALS)*100] 
ror ALS6 = subset(TOT ALS6,select=c('ROWS','TOT ALS6','PERCENT)) 
write. table(TOT ALS6,pastc()('Output/Totals _ NDs _',DATE,' .txt'),scp='l'.row .names=F AI.SE) 

#--Calculate the number of comparison made at each site-# 
NCOMP <- data.table(as.data.frame(table(RCRASITESSSite}}) 
setnames(NCOMP,colnames{NCOMP),c("Site","NCOMP"}) 

#--Create lists of sites and analyte names-# 
SITES <- sort(unique(DATA$Site}) 
ANALYTES <- unique(DATASANALYTE) 
#--------- - -------------~ 

#----------- - -------------
#-Remove LERF Site. Evaluated using different MethodJogy-# 
SITES = SITES[ISITES %in% c('LERF')] 
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#--summarize number of records per event-well location case is a unique id 
#-for each well--# 
DATA[,CASE := pesteO(EVENT,WELL_NAME)] 

#--Calculating Summary Statistics for each Well by Sample Date 
#--{ I sample per well per sample date, taking the mean of all measurements)-# 
DA TA_ SUM <- data.table(DAT A)[,list(N _NDS=swn(NDS), 

N SAMPLB=length(NDS), 
PROPND=sum(NDS)/length(NDS), 
MEAN_REPORTED=mean(V AL), 
DETLIMIT=min(V AL), 
MEAN DE1ECTS9Dean(V AL[!NDS]), 
SD _DEI'ECTS=sd(V AL[!NDS ]), 
CV DETECTS=sd(V AL[!NDSJ)/mean(V AL[ !NDS])), 
~("Site","LOC","WELL_NAME","EVENT","ANALYTE","CASE")] 

#-Export Summary of Total Number of Composite Samples-# 
TOT ALS7 = data.tablc(ROWS=c('fotal No. Samples', . 

'Total No. pH Samples', 
'Total No. SC Samples', 
'Total No. TOC Samples', 
'Total No. TOX Samples?, 

TOTALS7-c(nrow(DATA_SUM), 
nrow(DATA _ SUM[ANAL YTE= 'pH Measurement')), 
nrow(DATA_ SUM[ANAL YTE-'Specific Conductance']), 
nrow(DATA_SUM[ANALYTE='fotal organic carbon']), 
nrow(DA TA_SUM[ANAL YTE='Total organic halides']))) 

setkey(TOT ALS2,ROWS) 
setkey(TOT ALS7 ,ROWS) 
TOTALS?£ TOTALS2[TOTALS7] 

TOTALS7[,PERCENT := (TOTALS7fl'OTALS)•IO0] 
TOTALS?= subset(TOTALS7,selecr~'ROWS',TOTALS7','PERCENT')) 
write.table(TOTALS7,paste0('Output/I'otals_Composite_',DATE,'.txt'),sep='l',row.names=FALSE) 

-------------------# 
#-Identify nonDetects; TRUE indicates nondetect for Summary Dataset--# 
DATA_SUM[,NDS :• PROPND-1] 

#-Creating a Column of adjusted values for handling NDs--# 
DATA_SUM[,ADNAL := MEAN_REPORTED] 

#- Calculate Summary Statistics for Each Site including NDs-# 
DAT A_ SUM_ COUNTS <- data.table(DA TA_ SUM)(,list(AIL _ NDS=sum(PROPNI>= I), 

N _ SAMPLES•length(PROPND), 
PROPNDALirrolllld(l OO*sum(PROPND= I )/length(PROPND))), 
by=c(" ANAL YTE", "Site")) 

#-Creating data ftame to place results for exporting-# 
OUT<- NULL 

#-Loop through all Sites--# 
for(i in 1 :length(SITES}) { 

--# 
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#--Subsetting dataset by Sire-# 
DATA_SUM_SUB<-DATA_SUM(Site= SITES[i) &LOC = "UP",) 

#--Number of comparisons-# 
NCOMP _SUB <- subset(NCOMP,Site = SITES[i])SNCOMP • Jength(ANAL YTES) 
#---- ---------------# 

#-Setting Minimum Sample Numbers Required for Analysis-# 
iftSITES[i]= ''216-S-10 Pond and Ditch") {MINSAMPN <-4} else {MINSAMPN <-8} 

#--detennine whether the data collection window needs to be expanded beyond two years. 
CHECK<- aggregate(DATA_SUM_SUBSMEAN_REPORTED, by=list(DATE=DATA_SUM_ SUBSEVENT, 

ANALYTE=DATA SUM SUBSANALYTE, 
CASE=DATA_SUM_SUBSCASE),mean) 

CHECK <- dcast(melt(as.data.frame(table(CHECKSDA TE,CHECKSANAL YfE)),id=c("Varl •, "Varl ")),formula=Varl ~ Vat2) 
CHECK<- data.table(CHECK[order(CHECK[,1),decreasing=TRUE),]) 
setnames(CHECK, 'Varl ','DATE') 

for(lc in I :Jength(ANAL YTES)){CHECK[,k+ I]<- cumsum(CHECK[,k+ 1,with=F ALSE])} 

#-~eek to see number of data points exist after 1/1/2015-# 
COMP DATE ROW = match(FALSE, as.POSIXct(CHECKSDATE)> 1SOdate(2015, l , J)) - I 

iftis.na(COMP _ DATE_ROW)) COMP _DATE_ROW <- nrow(CHECK) 

#--Detennine the row which satisfies the minlmwn sample number--# 
COMP _SAMP _ROW = max(min(which(CHECK[,2,with=FALSEJ >= MINSAMPN)), 

min(which(CHECK[,3,with=FALSEJ >= MINSAMPN)), 
min(which(CHECK[,4,with=F ALSEJ >= MINSAMPN)), 
min(which(CHECK[,5,with=FALSE] =- MINSAMPN))) 

if(COMP_SAMP_ROW=Inf) {COMP_SAMP_ROW = nrow(CHECK)} 

#--Choose start date--# 
STARTDATE = max(COMP_DATE_ROW,COMP_SAMP_ROW) 

STARTDA TE = as.Date(CHECK[ST ARTDATE,DA TE],format='%Y-%m-%d') 

#-hard coded and needs to change next yem-# 
iftSITES[i]-"216-S-10 Pond and Ditch") {STARTDATE <- as.Date(ISOdatc(2015,05,05))} 

# iftSITES[i]= "216-A-29 Ditch") {STARTDATE <- as.Date(lSOdate(2014,0l ,0l))} 
# iftSITES[i]= "216-A-29 Ditch-NEW") {STARTDATE <- as .Date(lSOdatc(2014,01 ,01))} 
# iftSITES[i]-"2 I 6-B-63 ") {ST ARTDATE <- as.Date(lSOdate(2015,0 I ,0 l))} 
# iftSITES[i]=="LLWMA-1") {STARTDATE <- as.Date(ISOdate(2015,0l,01))} 
# iftSITES[i]= "LLWMA-1-New") {STARTDATE<- as.Date(lSOdate(201S,0l ,0l))} 
iftSITES[i)="LLWMA-3") {STARTDATE <- as.Date(ISOdate(2013,06,12))} 
iftSITES[i]="lLWMA-4") {STARTDATE <- as.Date(ISOdate(2009,08,01))} 
iftSITES[iJ="NRDWL") {STARTDATE<- as.Date(ISOdate(2016,0l,01))} 
# iftSITES[i]= "NRDWL-NEW") {STARTDATE <- as.Date(ISOdate(2016,01 ,0l))} 

#-Subset data by start date--# 
DATA_SUM_SUB <- subset(DATA_SUM_SUB,EVENT >- STARTDA TE) 

#-Analyte Loop--# 
fm(j in I :length(ANAL YTES)){ 

#--Subset Data by Analyte-# 
DATA_ANAL YTE_SUB <- DATA_ SUM_SUB[DATA_SUM_SUB$ANALYTE = ANALYTES[j], ] 

#-Change Start Date for 216-S-I0 Pond and Ditch TOC Measurements--# 
ST ARTDA TE = min(DAT A_ANAL YTE _SUBSEVENT) 
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#-Handling Non-detects-# 

#-If more than 50% of the values are NDs, than do not use results 
if{mean(DATA_ANALYTE_SUBSNDS) > 0.5){ 

OU1PUT _ SUM <- data.frame(table = unique(DAT A _ANAL YTE _ SUB$Site), 
ANAL YTE = ANAL YTES[j], 
N=nrow(DATA_ANALYTE_SUB), 
PROP_ND = 

mean(DATA_ANALYTE_SUBSNDS), 
MEAN=NA, 
MEDIAN=NA, 
SD=NA, 
MAX= 

max(DATA _ ANAL YTE_ SUB$ADN AL), 
SHAPIRO NORM= NA, 
SHAPIRO ).OG = NA, 
CV=NA, 
GRUBBS=NA, 
GRUBBSLOG = NA, 
GRUBBS OUT= NA, 
GRUBBSLOG _OUT= NA, 
ND_METHOD= "None", 
START_DATE = STARTDATE, 
ACRIT=NA, 
TCRIT = NA, 
CMDW=NA, 
CMUP=NA, 
NCOMP=NA) 

#--If less than l 0% of the samples are Non-detects, use the subsitution 
#--method {l/2 DL), otherwise wus Regression on Order Statistics-# 
} else iftmean(DATA_ANALYfE_SUBSNDS) <= 0.1){ 

} else { 

ND METHOD<- "HALF.RL" 
DATA_ANALYTE_SUBSADNAL[DATA_ANALYfE_SUBSNDS] <
DATA_ANALYTE_SUBSMEAN_REPORTED[DATA_ANALYTE_SUBSNDS]/2 

ND_METHOD<- "ROS" 
DATA_ROS = 

ros(obs=DATA ANALYTE SUBSADNAL,censored=DATA ANALYTE SUBSNDS) 
- - DATA ANALYTE SUB=DATA ANALYTE SUB[order(DATA ANALYTE SUBSADNAL),] 

silent=TRUE) 

silent=TRUE) 

DATA=ANALYfE=SUBSADNAL=DATA_ROS[l4] - -

#--Determining Critical Values for Student t-Test-# 
ti{ANAL YTES[i] = 'pH Measurement'){ 

ALPHA_ CRIT <- (AIPHA/NCOMP _SUB)/2 
} else { 

ALPHA_ CRIT <- ALPH.A/NCOMP _ SUB 
} 

MN <-mean(DATA ANALYTE SUB$ADNAL) 
SD <-sd(DATA_ANALYTE_SUBSADNAL) 
N <- nrow(DATA_ANALYTE_SUB) 
TCRIT <- qt(AIPHA _ CRIT,df.=N-1,lower.tail=F ALSE,log=F ALSE) 
CMUP <·MN+ TCRIT *SD* sqrt(! + 1/N) 
CMDW <- MN -TCRIT •so. sqrt(!+ JIN) 

#--testing for Normality-# 
SHAPIRO_NORM <· try(shapiro.test(DATA_ANALYTE_SUBSMEAN_REPORTED)Sp.value, 

SHAPIRO_LOG<- try(shapiro.test(log(DATA_ANALYTE_SUBSMEAN_REPORTED))Sp.value, 

#-Retwns dummy value if test is an error--# 
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iftclass(SHAPIRO _ NORM) = ''try-CITOI'") SHAPIRO_ NORM<- -999 
iftclass(SHAPIRO_l.00) ="try-aror") SHAPIRO_l.00 <- -999 

#--Outlicn Analysis-# 
GRUBBS <- grubbs.test(DATA_ANALYTE_SUBSMEAN_REPORTED, type<=IO, opposite=FALSE, 

two.sided=F ALSE) 
GRUBBSLOG <- grubbs.test(log(DATA_ANALYTE_SUB$MEAN_REPORTED), type=IO, 

opposite=FALSE, two.sided=F ALSE) 
GRUBBS OlIT = GRUBBSSalt 
GRUBBSLOG - OUT = GRUBBSLOG$ah 

- - --- -----------------# 
#-Summary of Analysis--# 
OlITPUT_SUM<-data.frame(table=unique(DATA_ANALYIB_SUBSSite), 

ANALYTE = ANALYTES[J1, 

median(DAT A_ANAL YTE_SUB$ADJV AL), 

sd(DAT A_ ANAL YTE_SUBSADN AL)/mean(DATA _ ANAL YTE_SUBSADJY AL), 

#--Output Matrix-# 
OUT <- rbind(OUT, OUI'PUT_SUM) 

#--lERF Critical Means Method-# 

#-Check units consistancy--# 
TEMP <- aggregate(lERF$UNITS, by=list(LERFSANAL YTE), 

function(x){length(Wlique(x))}) 
if{max(TEMPSx) > l)stop("Different Wlits - check") 

#-Identify nonDetects; TRUE"indicates nondetect--# 
LERF[,NDS := FALSE] 
LERF{grep("U",LABQ),NDS := TRUE] 

#-Based on discussions censoring will be done base on review_ qualifiers 
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N = N, 
PROP _ND = meai:(DATA_ANALYTE_SUBSNDS), 
MEAN = mean(DATA_ANALYTE_SU8$ADNAL), 
MEDIAN = 

SD=sd(DATA ANALYTE SUBSADNAL), 
MAX = max(DATA_ANALYTE_SUBSADNAL), 
SHAPIRO_NORM = SHAPIRO_NORM, 
SHAPIRO _WG = SHAPIRO _LOG, 
CV = 

GRUBBS = GRUBBS$p.value, 
GRUBBSWG = GRUBBSLOGSp. value, 
GRUBBS_OlIT E GRUBBS_OUT, 
GRUBBSLOG OUT E GRUBBSLOG OUT, 
ND_METHOD-= ND_MEIHOD, -
START_DATE = STARTDATE, 

ACRIT = ALPHA_CRIT, 
TCRIT = TCRIT, 
CMDW = CMDW, 
CMUP = CMUP, 
NCOMP = NCOMP _SUB) 

-# 
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#-indicate samples to be dropped because of review qualifiers-# 
IBRF _ REMOVED <- subset(LERF,REVIEWQ %in% c{'Y', "R", "F" ,"Q", "QH")) 
LERF <,. subset(LER.F,!REVIEWQ %in% c{'Y', "R" ,"F" ,"Q" ,"QH")) 
write.table(LER.F _ REMOVED,pasteO('Output/LERF _Data_ Removed _',DA TE, '.txt'),sep='/',row.names=F ALSE) 

#--use only data from 'routine' collection pwpose--# 
LERF <- LERF[LERF$COLLECTION _pURPOSE %in% c{"R", 'C', 'VER'),] 

#--Calculate the number of comparison made at each site--# 
LER.F _DOWN<- subsct(IERFSITES,LOC = 'DOWN') 
LERF _NCOMP <- length(sort(uniqwl(LERFSNAME))) 
LERF_NCOMP <- LERF_NCOMP • Jengtb(ANALYTES) 

#-Merge Sample Data and Well Info Data--# 
setkey(LERF,NAME) 

. setkey(LERFSITES,WELL_NAME) 
LERF <,. LERFSITES[LERF,allow.cartesian=TRUE] 

#-summarize number of records per event-well location case is a unique id 
#-for each well--# 
LERF[,CASE := pasteO(EVENT,WELL_NAME)] 

#-Calculating Summary Statistics for each Well by Sample Date 
#~ l sample per well per sample date, taking the mean of all measurements)-# 
LERF _ SUM <- data.table(LERF)[,list(N _ NDS=sum(NDS), 

N _ SAMPLE=length(NDS ), 
PROPND=sum(NDSY!ength(NDS), 
MEAN_ REPORTED=mean(V AL), 
DETUMIT=min(V AL), 
MEAN_DETECTS=mean(V AL(!NDS]), 
!;ID_ DETECTS=sd(V AL{ INDS]), 
CV_ DETECTS=sd(V AL{!NDS])/mean(V AL( !NDS])), 

by--c("WELL _NAME" ,'Site','LOC','Use',"EVENT", "ANAL YTE", "CASE")] 

#--Subsetting Downgradient Data to Time Frame ofUpgradient Data-# 
MINDA TE<- LERF _ SIJM[LOC='UP'] 
MINDATE <- min(year(MINDATESEVENT)) 
LERF _ SUM <- subset(LERF _ SUM,year(EVENT) :>= MINDA TE) 

#-Identify nonDetects; TRUE indicates nondetect for Summary Dataset--# 
LERF _SUM[,NDS := PROPND==l] 

#--Creating a Column of adjusted values for handling NDs--# 
LERF_SUM(,ADJVAL :=MEAN_REPORTED] 

--# 

--# 
#-Calculate Summary Statistics for F.ach Site including NDs-# 
LERF _SUM_ COUNTS <- data.table(LERF _ SUM)[,list(ALL _NDS=sum(PROPND== l ), 

· N _ SAMPLES=length(PROPND), 

#-------

PROPNDALL=roimd( 1 oo•sum(PROPND= 1 )/length(PROPND))), 
by=c(" ANAL YTE", "Site")] 

----------# 

B-10 



ECF-HANFORD,.17-0009, REV. 0 

#-------- ---# 
#- Analyte l..oop-# 
for(k in I :Jength(ANAL YTES)){ 

------------------------------# 
#--Subset Data by Analyte--# 
LERF_SUB <- LERF_SUM[ANALYTE= ANALYTES[k]J 

#--Detmnine Start Date--# 
lERF _STARTDATE <-as,Date(ISOdate(2011 ,09,11)) 

---------------------- --# 

#- ------------------
#--Handling Non-detects--# 

#-If more than 50% of the values are NDs, than do not use results 
if{mean(LERF _SUBSNDS) > 0.5){ 
OUfPlIT_SUM <- data.frame(table- 'LERF, 

ANAL YTE = ANAL YTES[k), 
N = nrow(LERF _SUB), 
PROP _ND= mean(LERF _SUBSNDS), 
MEAN-NA, 
MEDIAN = NA, 
SD = NA, 
MAX= max(LERF _SUBSADN AL), 
SHAPIRO NORM = NA, 
SHAPIRO =LOG= NA, 
CV = NA, 
GRUBBS = NA, 
GRUBBSlOG - NA, 
GRUBBS_OUT=NA, 
GRUBBSlOG_OUT=NA, 
ND_METHOD = "None", 
START_DATE = LERF_STARTDATE, 
ACRIT-NA, 
TCRIT = NA, 
CMDW = NA, 
CMUP=NA, 
NCOMP=NA) 

#-If less than 10% of the samples are Non-detects, use the subsitution 
#-method (1/2 DL), othawisc wus Regi-ession on Order Statistics-# 

} else if{mean(IERF _SUBSNDS) <= 0.1 ){ 
ND METHOD<- "HALF.RL" 

} else { 
ND_METHOD <- "ROS" 

} 

#--Substitution Method (1/2 DL)-# 
it{ND_METHOD- "HALF.RL"){ 

LERF _SUBSADN AL{LERF _SUBSNDS) <- LERF _SUBSMEAN_REPORTED[IERF _SUB$NDS)/2 
} 

#-Regression on Order Statistics (ROS) Method-# 
if{ND_METHOD = "ROS"){ 

LERF _ROS<- ros(obsaLERF _SUBSADN AL,censored=LERF _SUBSNDS) 
LERF_SUB <- LERF _SUB[ordei{LERF_SUBSADN AL),) 
LERF_SUB$ADNAL - LERF_ROS[l4) 

} 

#--Detmnining Critical Values for Welch's t-Test--# 
iftANAL YTES[k) = 'pH Measurement'){ 

ALPHA_ CRIT _LERF <- (ALPHNLERF _NCOMP)/2 
} else { 
ALPHA CRIT LERF <- ALPHAILERF NCOMP 

} - - -
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LERF _STA TS <- data.table(LERF _ SUB)[,list(N=length(NDS), 
MEAN=mean(ADN AL), 
SD=sd(ADN AL), 
V AR=vaJ{ADN AL)), 

by=c{'LOC')] 

COMP <- LERF _STATS[LOC=='DOWN'] 
BG<- l.ERF _STATS[LOC='UP1 
TSTAT = (COMPSMEAN - BGSMEAN)l(sqrt((BGSV AR/BGSN) + (COMPSV AR/COMPSN))) 
DF<-(((BG$VAR/BG$N)+(COMPSVAR/COMPSN))"2Y(((BGSVAR/BGSN)"2)/(BGSN-l)+((COMPSVAR/COMPSN)"2)/(COMP$N-l)) 
TCRrr <- qt(AlPHA_ CRIT_LERF,df=DF ,lower.tail=-FALSE,log=F ALSE) 
CMUP <- BGSMEAN + TCRIT • sqrt((BGSV AR/BGSN)+(COMPSV AR/COMPSN)) 
CMDW <- BGSMEAN - TCRIT * sqrt((BGSV AR/BGSN)t{COMPSV AR/COMPSN)) 

#--testing for Normality-# 
SHAPIRO _ NORM <- try(sbapiro.test(LERF _ SUBSMEAN _ REPORTED)Sp. value, silent=TRUE) 
SHAPIRO_ LOG <- try(shapiro.te,,t(log(I.ERF _ SUBSMEAN _ REPORTED))$p.valuc, silent-TRUE) 

#-Returns dummy value if test is an error--# 
if( class(SHAPIRO _NORM) ="try-error") SHAPIRO_ NORM <- -999 
ift class(SHAPIRO _ LOG) ="try-error") SHAPIRO_ LOG <- -999 

#-Outliers Analysis--# 
GRUBBS <- grubbs.test(LERF _SUBSMEAN_REPORTED, type=l0, opposite=F ALSE, two.sidcd=F ALSE) 
GRUBB SLOG <- grubbs.test(log(LERF _ SUBSMEAN _ REPORTED), type= 10, oppo5ite=F ALSE, two.sidcd=F ALSE) 
GRUBBS OUT<- GRUBBSSalt 
GRUBBSLOG_OlTf <- GRUBBSLOG$alt 

#-Summary of Analysis-# 
OUTPlTf_SUM <- data.framc(table = "LERF", 

ANAL YTE = ANAL YfES[k], 
N = nrow(LERF _SUB), 
PROP _ND• mean(LERF _SUB$NDS), 
MEAN= mean(LERF _SUBSADN AL), 
MEDIAN • mcdian(LERF _SUBSADN AL}, 
SD = sd(LERF _SUBSADN AL), 
MAX• max(LERF _ SUBSADN AL), 
SHAPIRO_NORM • SHAPIRO_NORM, 
SHAPIRO LOG= SHAPIRO LOG, 
CV= sd(LERF _SUBSADN AL)/mean(LERF _SUBSADN AL), 
GRUBBS= GRUBBSSp.valuc, 
GRUBBSUJG • GRUBBSLOG$p.value, 
GRUBBS OUT = GRUBBS OUT, 
GRUBBSLOG~ OUT = GRUBBSLOG_ OUT, 
ND METHOD= ND METHOD, 
START_DATE=LERF_STARTDATE, 
ACRJT= ALPHA_CRIT_LERF, 
TCRJT=TCRJT, 
CMDW•CMDW, 
CMUP=CMUP, 
NCOMP - LERF _NCOMP) 

-----------------------# 
#-Output Matrix-# 
OUT <- rbind(OUT, OUTPUT_SUM) 
----------------------# 

#--Export output matrix-# 
FILE <- pasteO('Output/HANFORD-CRJTICAL_ MEANS-2017 _',DA TE,' .csv') 
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write.tablc(OUf,FILE, sep = ",",row.names= FALSE) 

#--This script calculates the lntrawell TOC Limits for Hanford RCRA Area 1324-N/A & 1325-N forCY2017 
#--Script written by: Erica Difilippo (SSP&A) - modified from ECF-HANFORD-13-0013, REV. 0 
#--R Version: 3.1.3 
#-Package NADA version: 1.5~ 
#-Package data.table version: 1.8.10 
#-Package lawstat version: 2.5 
#--Package outliers version: 0 .14 

#--Set working directory--# 
setwd("Z:/1393_HANFORD_FY2017/094 - RCRACRITICALMEANS") 

#--Load Libraries-# 
library( data.table) 
library(lawstat) 
library(NADA) 
library( outlia-s) 

--------------------# 
#--Import User-Defined Fwctions-# 
source('R _ Functions/readCHEMHEIS.R') 
----·-----------------# 

#-Read in Data from Text file Downloads from Hanford Databases-# 
DA.T Al <- readCHEMHElS('Data/Data Pull - 01122017 /qryCbemHEISl .txt') 
DATA2 <- readCHEMHEIS('Data/Data Pull - 01122017/qryChemHEIS2.txt') 
DATA <-rbind(DATA1,DATA2) 
RCRASITES <- frr:ad("Data/20!6_Updated_RCRA_GW_Monitoring_Well_List_Modified_02022016 • recieved from ALee- 1-24-2017.csv", 
header=TRUE) 

#-Format Sample Dates-# 
DA T A[,EVENT := as.POSIXct(EVENT ,format='%ml"/od/% Y %H:%M',tz='UTC')] 
DATA[,EVENT := as.Date(EVENT,fonnat='%Y-%m-%d')] 

#-Subset by Analyte--# 
AN <- c('pH Measurcment','Specific Conductance','Total organic balides','Total organic carbon') 
DATA <-subset(DATA,DATASANALYTE %in¾ AN) 

#--Import RCRA Site Closure Samples-# 
CLOS <- fread('Data/ClosureSamples _ 01302017 .csv') 
CLOS[,EVENT := as.POSIXcl(Date _ Collected,format='%ml"/odl"/4Y' ,tz='UTC')] 

#--Import New Data for 699-26-38-# 
NEW <- fread('Data/usr438ext30879 .csv') 
NEWSEVENT <- as.Date(ISOdate(2017,01,05)) 
NEWSDIL<-1 
NEWSCOLLECTION _PURPOSE<- 'VER' 
NEWSOWNER_ID <- NA 
NEWSDEP1H <- NA 
NEW<- subset(NEW,selecc-c('WELL_NAME','EVENT,'FILTERED _FLAG','STD _ CON _LONG _NAME','STD _ V ALUE_RPTD', 

'STD_ANAL_UNITS_RPTD','LAB_QUALIFIER','REVlEW_QUALIFlER', 
'VALIDATION_ QUAUFIER','DIL','MEDIA', 'COLLECTION _PURPOSF, 
'OWNER_ID','METHOD_NAME','ReviewDate','DEPTH','STD_ REPORTING_LIMff')) 
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setnames(NEW ,names(NEW),names(DATA)) 
#-

#-Add New Data--# 
DATA <-rbind(DATA,NEW) 
#-- ----------------------# 

#-Remove Closure Samples-# 
DATASMATCH <-pastcO(DATASNAME,'-1,DATASEVENT) 
CLOSSMATCH <- pastcO(CLOSSWell,'-',CLOSSEVENT) 
DATA<- subset(DATA.!DATASMATCH %in% CLOSSMATCH) 

#--Drop wells identified but not used-# 
RCRASITES <- subset(RCRASITES, Use = TRUE ) 

#-Merge Sample Data and Well Info Data-# 
setkey(DAT A.NAME) 
setkey(RCRASITES,WELL_NAME) 
DATA<- RCRASITES[DATA,allow.cartesian=TRUE] 

#- Subset Data for LLWMA-3 Only--# 
DATA <- subset(DATA,Sitc %in% e('116-N-3 (1325-N)','120-N-1 and 120-N-2 (1324-N/NA)') & LOC = 'DOWN') 

--------------------# 
#-Identify nonDcteets ; TRUE indicates nondcteet--# 
DATA[.NDS := FALSE] 
DATA[grep("U",LABQ),NDS := TRUE] 

#-------------------
-----# 

#-Based on discussions cCDSOr:ing will be done base on review_ qualifiers indicate samples 
#-to be dropped because of review qualifiers-# 
DATA <- subset(DATA,!REVIEWQ %in% c('Y',''R","F","Q","QH")) 

#--use only data from 'routine' collection pwpose--# 
DATA<_- DATA(DATA$COLlECTION_FURPOSE %in% e("R",'VER'),] 

#--Calculating Summary Statistics for each WeJI by Sample Date (1 sample per well per 
#--sample date, taking the mean of all measurements)-# 
DAT A_ SUM <- data.table(DATA)[,list(N _ NDS=sum(NDS), 

N _ SAMPLEa-lcngtb(NDS), 
PROPNO=sum(NDS)/Jength(NDS), 
MEAN_REPORTED=mcan(V AL), 
DETLIMIT=min(V AL), 
MEAN_DETEcyS=mean(V Al{!NDSJ), 
SD_DEfECTS=sd(VAL[!NDS]), 
CV _DEfECTS=sd(V Al{!NDS])/mcan(V Al{!NDS])), 

by=c("Sitc","LOC","WELL_NAME","EVENT","ANALYfE")] 

#-Identify nonDctects; TRUE indicates nondeteet for SUJl1Jll81)' Dataset--# 
DAT A_ SUM[,NDS := PROPND=J] 
#----------------------41 

----# 
#--Creating a Colu1ID1 of adjusted values for handling NDs-# 
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DATA_SUM[,ADN AL := MEAN_R.EPORTED] 

#-Set Start Date of Analysis--# 
DATA_SUM <- DATA_SUM[EVENT >= as.Date(ISOdatc(2012,07,0l))] 

#-Creating data frame to place results for exporting-# 
OUf<-NUI.L 

#-loop through all Analytes-# 
ANAL YTES <- sort(uniquc(DA TA_ SUMSANAL YTE)) 
SITES<- sort(unique(DATASSite)) 
for(j in I :length(SITES)){ 

SUB<- DATA_SUM[Site= SITES[j]] 

for(i in l:lcngth(ANALYTES)) { 

---# 

#'------------------
#-Subsetting dataset by Site-# 
DATA_SUM_SUB <- SUB[ANALYTE=ANAL YTES[i]] 

# 
#-Determine Methodology for Handling Non-Detects-# 
iftmean(DATA_SUM_SUBSPROPND) <= 0.l){ND_METHOD <- "HALF.RL"} else {ND_METHOD <- "ROS"} 

#--Substitution Method (1/2 DL)-# 
iJ(ND_METHOD = "HAIF.RL"){ 

DATA_SUM_SUB[,ADN AL:= MEAN_REPORTED] 
DATA_SUM_SUBSADNAL{DATA_SUM_SUB$PROPND==l] <

DATA_SUM_ SUBSMEAN_REPORTED[DATA_SUM_SUB$PROPND==l]/2} 

#--Regression on Order Statistics (ROS) Method-# 
if\ND _METHOD= "ROS"){ 

DATA_SUM_SUB[,ADNAL := MEAN_REPORTED] 
DAT A ROS <- ros(obs=DATA SUM SUBSADN AL,censmw=DAT A SUM SUBSPROPND== I ,forwardT="log" ,revcrseT="exp") 
DATA= SUM_SUB <- DATA_ SUM_fUB[ordc:r(DATA_SUM_SUBSADN AL),] 
DATA_SUM_SUBSADNAL= DATA_ROS[14]} 

--# 
#-Calculate Normality for the Pooled Dataset-# 
if (ANAL YTES[i] = 'pH Measurement'){ 

SHAPIRO<- try(shapiro.test(DAT A_ SUM_ SUBSMEAN _ REPORTED)$p. value, silent=TRUE) 
} else { 

SHAPIRO<- try(shapiro.test(log(DATA _SUM_ SUBSMEAN _ REPORTED))Sp. value, silent=TRUE) 
} 
----------------------# 

#--Levene's Test--# 
if (ANAL YTES[i] = 'pH Measw-emenl'){ 

LEVENE<- lawstat: :levene.test(DA TA_ SUM_ SUBSADN AL,DAT A_ SUM_ SUB$WEll _NAME,location="mean ") 
LEVENE<- LEVENESp.value 

} else { 
LEVENE<-lawstat::levene.test(log(DATA_SUM_SUBSADNAL),DATA_SUM_ SUBSWELL_NAME,location="mean") 
LEVENE <- LEVENE$p. value 

} 

#------------------
#--An ova Test-# 
if(ANAL YTES[i] = ~H Measurement'){ 

ANOVA <- anova(lm(ADN Al.r--WELL_NAME,DATA_SUM_ SUB))[ I ,5] 
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} else { 
ANOVA <- anova(lm(log(ADN AL}--WELL_NAME,DATA_SUM_SUB))(l,S) 

} 
#------------------fl 

#-Pooled Varianco--# 
if (ANAL YTES[i] = 'pH Measurement'){ 
SD<- data.table(DATA_SUM_SUB)[,list(V AR=var(ADN AL), 

SD=sd(ADN AL), 
N•lengtb(ADN AL)), 

by=c("WELL_NAME" ,'ANAL YTE1) 
} else { 
SD<-data.table(DATA_SUM_SUB)[,list(VAR=var(log(ADNAL)), 

SD-sd(log(ADN AL)), 
N=length(ADN AL)), 

by=c("WELL_NAME",'ANAL YfE')) 

SD[,VAR2 :=(N-l)*VAR] 
V AR_POOLED <- sum(SDSV AR2)/(nrow(DATA_SUM_SUB)-length(uniquc(DATA_SUM_SUBSWELL_NAME))) 
SD _POOLED<- sqrt(V AR_POOLED) 
N_POOLED <- laigth(DATA_SUM_SUBSADN AL) 
DF _pOOLED <- N _POOLED-length(unique(DATA_SUM_SUB$WELL_NAME)) 

#--Outlier Test-# 
if (ANAL YTES[i] = 'pH Measurement'){ 
GRUBBS <- grubbs.test(DAT A_ SUM_ SUBSADN AL, type-I 0, oppositc-F ALSE, two.sidcd=F ALSE) 

} else { 
GRUBBS <- grubbs.test(log(DA TA_ SUM_ SUB$ADN AL), type-10, opposite-FALSE, two.sided-FALSE) 

} 

#-Summary Statistics--# 
STATS <- data.table(DATA_SUM_SUB)[,list(MEAN=mr.an(ADNAL), 

.V AR=var(ADN AL), 
SJ)c-sd(ADN AL), 
POOLED SD=SD POOLED, 
N=length(ADJV AL), 
POOLED_N=N_POOIED, 
LEVENE•LEVENE, 
SHAPIRO-SHAPIRO, 
ANOVA=ANOV A, 
GRUBBS=GRUBBSSp.value, 
AU'HA=0.01, 
DF _POOLED-OF _POOLED), 

by=c('Sitc',''WELL _ NAME" ,'ANAL YTE')] 
STATS[,TCRIT := qt(l-0.91/(lcngth(ANAL YfES)),df=DF _POOLED)] 

if(ANALYTIS[i] = 'pH Measurement1{ 

STATS[,CMUP _LOG := NA] 
STATS[,CMDW LOG:- NA) 
STATS[,CMUP ~ MEAN+ TCRIT • SD_POOLED •sqrt(!+ 1/N)] 
STATS[,CMDW := MEAN -TCRIT • SD_POOLED • sqrt(l + 1/N)] 

} else { 

} 

STATS[,CMUP _LOG:= log(MEAN) + TCRIT • SD_POOLED • sqrt(l + 1/N)] 
STATS[,CMDW _WG :• NA] 
STATS[,CMUP := cxp(CMUP _LOG)] 
STATS[,CMDW := exp(CMDW_LOG)] 

OlIT <- rbind(OUT,STATS) 
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#--Export Tables--# 
DATE <- as.charactc:r(Sys.Date()) 
FILE<-pasteO('Output/Hanford-1324-N_J325-N-CM-2017-',DATE,'.csv') 
write.tablc(OUf,FILE,sep=',',row .names=FALSE) 

#-This script calculates the Intrawell TDC Limits for Hanford RCRA Area LLWMA-3 forCY2017 
#-Script written by: Erica Difilippo (SSP&A) - modified from ECF-HANFORD-13-0013, REV. 0 
#-R Version: 3.1 .3 
#-Package NADA version: 1.5-6 
#-Package data. table version:: 1.8 .I 0 
#-Package lawstat version: 2.5 
#-Package outliers version: 0.14 

#-Set wodcing directory--# 
setwd("Z:/1393 _HANFORD_ FY2017/094 - RCRA CRITICAL MEANS") 

#-Load Libraries--# 
libnry(data.table) 
libnry(la wstat) 
library(NADA) 
library( outliers) 

#-Import User-Defined Functions--# 
souroe('R_Functions/readCHEMHEIS.R') 

#-Date of Run for File Exporting--# 
DATE <- as.character(Sys.Date()) 

#-Assign any variables--# 
ALPHA <- 0.01 # siw-wide e:rror rate 
- ----------- -------------# 

#-Read in Data from Text file Downloads from Hanford Databases--# 
DAT Al <- readCHEMHEIS('Data/Data Pull - 0 I 122017 /qryCbemHEIS l.txt') 
DAT A2 <- readCHEMHEIS('Data/Data Pull - Ol 122017/qryCbemHEIS2.txt1 
DATA <-rbind(DATA1 ,DATA2) 
RCRASITES <- fread("Data/2016_Updated_RCRA_GW_Monitoring_Well_list_Modified_02022016 -recieved from Al..ee • 1-24-2017.csv", 
header=TRUE) 

#- ---- ---------------

#--Format Sample Dates--# 
DATA[,EVENT := as.POSIXct(EVENT,format='%ml"/od/%Y %H:%M:%S',tz='UI'C')] 
DATA[,EVENT := as.Date(EVENT ,format='¾Y-1/om-o/od')] 
DATA<- subsc:t(DATA,DATASEVENT >= as.Date(ISOdate(2004,0l,0I))) 

#--Subset by Analyto--# _ 
AN <- c('pH Measurement' ,'Specific Conductance','Total organic halides','Total organic carbon1 
DATA <-subset(DATA,DATASANALYTE %in% AN) 
------- ----------------# 
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#-Import RCRA Site: Closure Samples-# 
CLOS <- fread('Data/ClosureSamples_01302017.csv') 
CLOS[,EVENT := as.P0SIXct(Date_ Collcctcd,fonnat='%ml°/od/"/4 Y',tz='UTC')] 
#-- ----------------# 

#----------------·----1f 
#-Import New Da.ta for 699-26-38-# 
NEW <- fread('Data/usr438ext30879.csv') 
NEW$EVENT <- as.Datc(ISOdatc(2017,01 ,05)) 
NEW$DIL<- I 
NEW$C0LLECTION_PURP0SE <- 'VER' 
NEW$0WNER ID<- NA 
NEW$DEPTII <- NA 
NEW<- subset(NEW,select-c('WELL_NAME','EVENT', 'FILTERED _FLAG','SID _ C0N_LONG_NAME','STD_ V AWE_RP1D', 

'STD ANAL UNITS RPTD','LAB QUALIFIER','REVlEW QUALIFIER', 
'V AUDATION QUALIFIER','DIL \'MEDIA','COLLECTION PURPOSE', 
'OWNER_ID','METHOD_NAME','ReviewDate','DEPTII','STD_REPORTING_LIMIT')) 

setnames(NEW ,nam~W),names(DATA)) 

#--Add New Data-# 
DATA <· rbind(DAT A,NEW) 

#--Remove Closure Samples-# 
DATASMATCH <- pasteO(DATASNAME,'-',DATASEVENT) 
CLOSSMATCH <- pasteO(CLOSSWell,'-',CLOSSEVENn 
DATA<- subset(DATA,!DATASMATCH %in% CLOSSMATCH) 

#---------·--------------# 
#--Drop wells identified but not used-# 
RCRASITES <- subset(RCRASITES, Use - TRUE) 

------------------------# 
#-Mage Sample Dalli. and Well Info Data-# 
setkey(DAT A,NAME) 
setk.ey(RCRASITES,WELL_NAME) 
DATA<- RCRASITES[DATA,allow.cartesian=TRUE] 

#-Subset Data for LLWMA-3 Only-# 
DATA<- subset(DATA,Sitc:= 'LLWMA-3' & LOC= 'DOWN') 

#-Identify nonDetccts; TRUE indicates nondctect-# 
DATA[,NDS :-FALSE] 
DATA[grcp("U",LABQ),NDS := TRUE] 

#-Based on discussions censoring will be done base on review_ qualifiers indicate samples 
#-to be dropped because of review qualifiers-# 
DA TA <· subset(DAT A,!REVIEWQ %in% c('Y',"R ","F" ,"Q", "QH")) 

#-use only data from 'routine' collection purpose-# 
DATA <- DATA[DATASC0LLECTI0N_FURPOSE %in% c("R"."VER").] 
#---· ----------------# 

#-Calculating Summary Statistics for each Well by Sample Date (1 sample per well per 
#-sample date, taking·tbc mean of all measurements)--# 
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DAT A_ SUM <- data.table(DA TA)[,list(N _ NDS=sum(NDS ), 
N _ SAMPLE=lcngth(NDS), 
PROPND=sum(NDS)/le.ngth(NDS), 
MEAN REPORTED-mean(V AL), 
DETLIMIT-min(V AL), . 
MEAN_DETECTS=mcan(V AL[INDS]), 
SD DETECTS=sd(V AL[!NDS]), 
CV-DETECTS-sd(V AL[!NDS])/mcan(VAL[!NDS])), 

by-c("Site","LOC","WELL_NAME","EVENT","ANALYTE")] 

#--Identify nonDetects; TRUE indicates nondetect for Summary Dataset-# 
DATA_SUM[,NDS := PROPND=l] 

#--Creating a Column of adjustod values for handling NDs-# 
DATA_SUM[,ADNAL := MEAN_REPORTED] 

#--Set Start Date of Analysis-# 
DAT A_ SUM <- DAT A_ SUM[EVENT >= as.Datc(ISOdatc(2012,07 ,01))) 

#--Creating data frame to place results for exporting--# 
OUT<-NULL 

#--Loop through all Analytes-# 
ANAL YTES <- sort(uniquc(DATA _ SUM$ANAL YTE)) 
for(i in l :lmgth(ANALYTES)) { 

#--SubseUing dataset by Site--# 
DATA_ SUM_SUB <- DATA_SUM[ANALYTE ANALYTES[i]] 

#--Detennine Methodology for Handling Non-Detects-# 
if{mean(DATA_SUM_SUBSPROPND)<= 0.l){ND_METHOD <· "HALF.RL"} else {ND_METHOD <- "ROS"} 

#-Substitution Method ( 1/2 DL)--# 
iftND _METHOD= "HAlF.RL"){ 

DATA_SUM_SUB(,ADNAL := MEAN_REPORTED] 
DATA_SUM_SUBSADNAL[DATA_SUM_SUB$PROPND=J] <· 

DATA_SUM_SUB$MEAN_REPORTED[DATA_SUM_SUB$PROPND=l]/2} 

#-Regm,sion on Order Statistics (ROS) Method-# 
if\NI) _ MEfHOD = "ROS"){ 

DATA_SUM_SUB[,ADNAL := MEAN_REPORTED] 
DATA_ROS <- ros(obs=DATA_SUM_SUB$ADNAL,censored=DATA_SUM_SUBSPROPND=l,forwardT="log" ,reverseT="exp") 
DATA_SUM_SUB <- DATA_ SUM_SUB[order(DATA_ SUM_ SUBSADN AL),] 
DATA_SUM_SUBSADNAL= DATA_ROS(14]} 

#--Calculate Normality for the Pooled Dataset-# 
if (ANAL YTES[i] = 'pH M~urement'){ 

SHAPIRO <- try(shapiro. test(DATA_ SUM_ SUB$MEAN _ REPORTED)Sp. value, silent=TRUE) 
} else { 
SHAPIRO <- try(shapiro.test(log(DA TA_ SUM_ SUBSMEAN _ REPORTED))Sp. value, silent=TRUE) 

} . 

----------------------# 

---------------------# 
#-Levcne's Test--# 
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if (ANAL YTES[ i] = 'pH Measurement'){ 
LEVENE <- lawstat::levene.test(DAT A_ SUM_ SUB$ADN AL,DA TA_ SUM _SUBSWELL _NAME,location="mean") 
LEVENE<- LEVENESp.value 

} else { 
LEVENE <- lawstat::levene.test(log(DAT A_ SUM_ SUBSADN AL),DA TA_ SUM_ SUBSWELL _ NAMEJocation="mean") 
LEVENE<- LEVENESp.value 

} 

#-Pooled Variance-# 
if (ANAL YTES[i] = 'pH Measurement'){ 
SD<- data.table(DATA_SUM_SUB)[,list{V AR=var(ADN AL), 

SD=sd(ADN AL), 

} else { 

N=length(ADN AL)); 
by=c("WELL_NAME",'ANALYTE')] 

SD<- data.table(DATA_SUM_SUB)[,list(V AR=var(log(ADN AL)), 
SD=sd(log(ADN AL)). 
N=length(ADN AL)), 

by=c("WELL_NAME",'ANALYTE')J 

SD[,VAR2 :=(N-l)*VAR] 
VAR_l'OOLED<-sum(SD$VAR2)/(nrow(DATA_SUM_SUB)-length(unique(DATA_SUM_SUB$WELL_NAME))) 
SD _pOOLED <- sqrt(V AR_POOLED) • 
N_POOLED <- length(DATA_SUM_SUB$ADN AL) 
DF_POOLED <- N_POOLED-length(unique(DATA_SUM_SUB$WELL_NAME)) 

#-Outlier Test-# 
if(ANALYfES[i] = 'pH Measurement'){ 
GRUBBS<- grubbs.test(DATA_SUM_SUBSADNAL, lyp!FIO, opposite=FALSE, two.sided=FALSE) 

} else { 
GRUBBS <- grubbs.test(log(DATA _ SUM_ SUB$ADN AL), type= I 0, opposite=F ALSE, two.sided=F ALSE) 

} 

#-Summary Statistics-# 
STATS <- data.table(DATA SUM SUB)[,list(MEAN=mean(ADNAL), 

V AR=var(ADN AL), 
SD=sd(ADN AL), 
POOLED_SD=SD_POOLED, 
N=length(ADN AL), 
POOLED_N=N_POOLED, 
LEVENE=LEVENE, 
SHAPIRO=SHAPIRO, 
GRUBBS=GRUBBSSp.value, 
ALPHA=0.01, 
DF _POOLED=DF _POOLED), 

by=c("WELL_NAME",'ANAL YTE'}] 
STATS[,TCRIT := qt(J--0.01/(length(ANAL YTES)),df=DF _l'OOLED)] 

if(ANALYTES[i] = 'pH Measurement'){ 

STATS[,CMUP _I..OG := NA] 
STATS[,CMDW_I..OG :=NA] 
STATS[,CMUP :=MEAN+ TCRIT • SD_POOLED" sqrt(l + 1/N)] 
STATS[,CMDW := MEAN - TCRIT • SD_POOLED • sqrt(l + JIN)] 

} else { 

STATS[,CMUP _1..0G := log(MEAN) + TCRIT • SD_POOLED • sqrt(l + 1/N)J 
STATS[,CMDW_I..OG := NA] 
STATS[,CMUP :=exp(CMUP_LOG)] 
STATS[,CMDW := exp(CMDW _LOG)] 
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our <- rbind(OUf,ST A TS) 

#--Export Tables--# 
DATE <- as.character(Sys.Date()) 
FILE<- paste0(~t/Hanford-LLWMA3-CM-2017-',DATE,'.csv') 
writc.tablc(OUT,FII.E,sep='l',row.names=FALSE) 
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