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Date:  28 April 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Volatile Organics - Sample Data Groups (SDGs) 20090160 & 20090345 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090160 and 20090345 
prepared by 222-S Laboratory.  A list of samples validated along with the analytical methods is 
provided in the following table.  
 

Sample ID Sample Date Media Validation Level Analytical Methods 
B1YT69 4/14/2009 Soil C 8260 
B1YT72 4/21/2009 Soil C 8260 
B1YT75 4/22/2009 Soil C 8260 
B1YT78 4/30/2009 Soil C 8260 
B1YT81 4/30/2009 Soil C 8260 
B1YY23 5/18/2009 Water C 8260 

 
Data validation was conducted in accordance with the CHPRC validation statement of work and 
the Field Sampling and Analysis Plan for Sites P and L at Waste Management Area C, RPP-
PLAN-40564, Rev. 0 (SAP).  Appendices 1 through 6 provide the following information as 
indicated below: 
 
Appendix 1. Glossary of Data Reporting Qualifiers 
Appendix 2. Summary of Data Qualification 
Appendix 3. Annotated Laboratory Reports 
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation 
Appendix 5. Data Validation Supporting Documentation 
Appendix 6. Additional Documentation Requested By Client 
 
DATA QUALITY OBJECTIVES
 
� Holding Times and Sample Preservation 
 
Holding times are calculated from Chain-of-Custody forms to determine the validity of the 
results.  The holding time requirements for volatile organics are analysis within 14 days of 
sample collection.  Sample preservation for soil samples requires chilling to 4 degrees Celsius.  
Sample preservation for water samples requires chilling to 4 degrees Celsius and acid 
preservation with hydrochloric or sulfuric acid to pH <2. 
 
The samples were analyzed within the prescribed holding time and properly preserved. 
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� Blanks

The blank data results are reviewed to assess the extent of contamination introduced through 
sampling, sample preparation, and analysis. 

Laboratory Blanks
 
All laboratory blank results were acceptable.  
 
Trip Blanks
 
All trip blank results were acceptable with the following exception.  Methylene chloride was 
detected in trip blank B1YY23. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
No equipment blanks were submitted for analysis. 
 
� Accuracy

Accuracy is evaluated by reviewing surrogate results, matrix spike sample results, and laboratory 
control sample results.  According to the SAP, the matrix spike and laboratory control sample 
accuracy limits are 70% to 130%.  The limits for reported analytes not listed in the SAP are 
specified by the DV procedure. 
 
Surrogates

All surrogate recoveries were acceptable. 
 
Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples
 
All MS/MSD recoveries were acceptable with the following exceptions.  For both SDGs, the 
only 8260 MS/MSD analytes reported were 1,1-dichloroethene, benzene, chlorobenzene, 
toluene, trichloroethene, 1-butanol, 4-methyl-2-pentanone, acetone and 2-butanone.  Reported 
analytes not represented in the MS/MSDs were trans-1,3-dichloropropene and carbon disulfide.  
These two analytes were non-detects in the samples and should be qualified as estimates and 
flagged “UJ.” 
 
Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable with the following exceptions.  For both SDGs, the only 
8260 LCS analytes reported were 1,1-dichloroethene, benzene, chlorobenzene, toluene, 
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trichloroethene, 1-butanol, 4-methyl-2-pentanone, acetone and 2-butanone.  Reported analytes 
not represented in the LCSs were trans-1,3-dichloropropene and carbon disulfide.  These two 
analytes were non-detects in the samples and should be qualified as estimates and flagged “UJ.” 
 
� Precision 

Precision is evaluated by reviewing MS/MSD results, field duplicate sample results, and field 
split sample results.  These QC results provide information on the laboratory reproducibility and 
whether sampling activities are adequate to acquire consistent sample results.  According to the 
SAP, the relative percent difference (RPD) limits are �30%.  The RPD limits for reported 
analytes not listed in the SAP are specified by the DV procedure.  When duplicate RPDs for soils 
exceed the limits and have associated results <5X the SAP required detection limits with 
differences <2X the required detection limits no precision infraction occurred.  When duplicate 
RPDs for waters exceed the limits and have associated results <5X the required SAP detection 
limits with differences <1X the required detection limits no precision infraction occurred. 
 
MS/MSD Samples
 
All MS/MSD relative percent difference values were acceptable. 
 
Field Duplicate Samples
 
No field duplicates were submitted for analysis. 
 
Field Split Samples
 
No field splits were submitted for analysis. 
 
� Detection Limits 
 
Reported MDLs are compared against the contractually required detection limits (CRDLs) to 
ensure that laboratory detection limits meet the required criteria. 
 
All reported sample MDLs were below the CRDLs (or Target Detection Limits when CRDLs 
were not provided in the SAP). 
 
� Completeness 
 
SDGs 20090160 and 20090345 were submitted for validation and verified for completeness.  
Completeness is based on the percentage of data determined to be valid (i.e., not rejected).  The 
completion percentage was 100%. 
 
MAJOR DEFICIENCIES
 
None found. 
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MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of trans-1,3-dichloropropene and carbon disulfide 
sample results as estimates were due non-represented QC data. 
 
REFERENCES
 
HNF-20433, Rev. 0, Data Validation Procedure for Chemical Analyses, June 2004.  
 
RPP-PLAN-40564, Rev. 0, Field Sampling and Analysis Plan for Sites P and L at Waste 
Management Area C, March 2009.  
 
 
 
 

Page 4 of 732



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1 

Glossary of Data Reporting Qualifiers 
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Qualifiers that may be applied by data validators in compliance with the CHPRC statement of 
work are as follows: 
 
� U � The constituent was analyzed for and was not detected.  The data should be considered 

usable for decision-making purposes. 
 
� UJ � The constituent was analyzed for and was not detected.  Due to a quality control 

deficiency identified during data validation the value reported may not accurately reflect the 
MDL.  The data should be considered usable for decision-making purposes. 

 
� J � Indicates the constituent was analyzed for and detected.  The associated value is 

estimated due to a quality control deficiency identified during data validation.  The data 
should be considered usable for decision-making purposes. 

 
� UR � Indicates the constituent was analyzed for and not detected; however, due to an 

identified quality control deficiency the data should be considered unusable for decision-
making purposes. 

 
� R � Indicates the constituent was analyzed for and detected; however, due to an identified 

quality control deficiency the data should be considered unusable for decision-making 
purposes. 
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Appendix 2 

Summary of Data Qualification 
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Volatile Organics Data Qualification Summary 
SDGs: 20090160 & 

20090345 Reviewer: AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

trans-1,3-
Dichloropropene 
Carbon disulfide 

UJ 
 B1YT69, B1YT72, 
B1YT75, B1YT78, 
B1YT81, B1YY23 

Non-represented 
MS/MSD and LCS data 

 
Comments: None 
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Appendix 3 

Annotated Laboratory Reports 
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Appendix 4 

Laboratory Narrative and Chain-of-Custody Documentation 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C6392, C6400, C6402 C6404, AND C6406 

IN SUPPORT OF RCRA SOIL CHARATERICZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between March 11th and June 15th, 2009. The samples were analyzed in accordance with RPP-
PLAN-40564, Field Sampling and Analysis Plan for Sites P and L at Waste Management Area 
C, (FSAP); RPP-PLAN 3877, Sampling and Analysis Plan for Phase 2 Characterization of 
Vadose Zone Soil in Waste Management Area C (SAP); ATL-MP-1011, ATL Quality Assurance 
Project Plan for 222-S Laboratory (QAPP); Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods (SW-846); and the additional guidance given by the client’s point of 
contact.

Because the 222-S Laboratory Facility was designed to analyze hazardous and complex tank 
waste samples, most SW-846 test methods performed at the 222-S Laboratory contain deviations 
that are listed in an appendix in the analytical procedures. All known deviations or variances 
from SW-846 are documented in this narrative. The following attachments are included in this 
report.

Attachment 1 Data Summary Report
Attachment 2 Sample Breakdown Diagrams 
Attachment 3 Holding Time Report 
Attachment 4 Tentatively Identified Compounds (TIC) for Organic Analyses 
Attachment 5 Correspondence
Attachment 6 Receipt Paperwork 

This report also contains the following appendices. 

Appendix A Geologic Report 
Appendix B Analytical Raw Data 

2.0 SAMPLE RECEIPT AND BREAKDOWN 

2.1.1 Sample Receipt 

A total of 25 core intervals from five core holes along with two equipment blanks and three trip 
blanks were received by 222-S beginning March 11th and ending June 15th, 2009. The samples 
were delivered in a cooler with ice or, in the case of the volatile organic samples, in a freezer. 
The temperature of a randomly selected sample from each cooler or freezer was measured and 
recorded on the chain of custody. Laboratory sample receipt personnel failed to record the 
receipt temperature for four core intervals: 
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� C6404 - 6 ft. to 8 ft
� C6404 - 10 ft. to 12 ft.
� C6406 - 54.5 ft. to 56.5 ft.
� C6406 - 59 ft. to 61 ft.

This was caused partially by the confusion from the delivery of multiple core projects at the 
same time and failure of laboratory personnel to follow the sample receipt procedure. These 
issues have been addressed and corrective measures have been taken. Many of the samples 
received were outside the required temperature ranges. This was due to the fact that these 
samples had not been in the cooler or freezer long enough to reach equilibrium. This can be 
verified, in most cases, by comparing the receipt time with the sampling time. The cooler and 
freezer walls were sometimes measured and were within the required temperature range. This 
temperature was not generally recorded since this measurement is not called out in the 
procedure. For future projects, the temperature of a temperature blank or the side of the cooler or 
freezer will be measured and recorded as described in SW-846.  

2.1.2 Sample Breakdown 

The laboratory received each core interval as a set of volatile organic analysis (VOA) samples 
and three liner samples, when complete core recovery was obtained. Nine core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The liner samples from each core 
interval were extruded, described, and composited by the Washington River Protection 
Solutions, Inc. (WRPS) geologist. The geologist’s report is included in Appendix A. Provided 
sufficient samples existed, the composite for each core interval was analyzed as described in the 
SAP and FSAP. WRPS shipped a subsample of each composite to an offsite laboratory, when 
sufficient sample was available. The results of these analyses are not discussed in this report. 

The 10-ft. to 12-ft. interval from core hole C6404 consisted of only VOA vial samples. No core 
liners were received for this interval. A limited suite for radiochemical analyses was performed 
using the methanol-preserved VOA sample. No other analyses were performed. 

3.0 ANALYTICAL RESULTS SUMMARY 

The Data Summary Report (Attachment 1) presents the final analytical results for those analytes 
requested in the SAP and FSAP. Secondary analytes are only reported if detected. The TIC from 
gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic compounds 
(SVOC) is presented in Attachment 4. In addition to the required isotopes, all isotopes with 
positive gamma energy analysis (GEA) results were reported. 

The “Det Limit” column in Attachment 1 contains the method detection limit (MDL) for non-
radionuclide analyses, or the minimum detectable activity for radionuclides. 

In Attachment 1 the column labeled “A#” indicates the aliquot class or the method used for 
sample preparation before analysis. For solid samples, the aliquot classes are defined as follows: 
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“A” indicates samples that were prepared by SW846-3050B.
“E” indicates samples that were prepared by a strong acid digest. 

“O” indicates samples that were extracted for organic analysis. 

“S” indicates samples that were prepared by a distillation. 

“W” indicates samples that were prepared by a water digest. 

Samples without a letter identifier in the “A#” column were analyzed directly with no separate 
preparation or with sample preparation performed as a part of the procedure steps. 

The “Qual Flags” column in Attachment 1 contains data qualifier flags that are defined as 
follows: 

“B” is used to indicate that the analyte was detected in the method or preparation blank 
and in the sample, and the result for the blank was greater than 5% of the reported sample 
result. 

“J” indicates that the reported result should be considered an estimate because it is below 
the quantitation limit. The “J” flag is applied to sample concentrations that are greater 
than the MDL but less than the quantitation limit or sample activity with a counting 
uncertainty greater than 30%.

“N” indicates a TIC which has been named. 

“Q” indicates that the result is qualitative only. 

“T” indicated a TIC. 

“U” indicates that the reported result is less than the calculated detection limit. 

“Y” indicates that the percent difference (%D) for the continuing calibration verification 
standard (CCV) was greater than -20%. 

“X” indicates that the initial calibration verification (ICV) standard was outside the range 
specified in the QAPP. 

“a” indicates that the laboratory control sample (LCS) was outside of the specified range 
in the QAPP or SAP. 

“b” indicates that the matrix spike (MS) was outside of the specified range in the QAPP 
or SAP. 

“c” indicates that the relative percent difference (RPD) between the sample and the 
duplicate is greater than 30%. 

“e” indicates that the %D between the sample result and the serial dilution exceeded 
10%.

“f” indicates that the MS failed and the serial dilution passed. 

Manual calculations using rounded results from the Data Summary Report or result calculation 
forms may differ slightly from the actual results derived from the raw data. 
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3.1 SAMPLE DIGESTIONS 

3.1.1 Radiochemistry Strong Acid Digestion 

Strong acid digestions with a hot plate for the heat source were performed using a mixture of 
concentrated nitric and hydrochloric acids. For each digest, approximately 10 grams of sample 
were digested, filtered, and diluted to a final volume of 100 or 125 mL. This digestion was used 
for all radiochemical analyses except tritium, 14C, and 129I. This digestion is a leach of the acid 
soluble species only. 

3.1.2 SW846-3050B - Acid Digestion-Heating Block 

This acid digestion follows SW846-3050B using a heating block and nitric and hydrochloric 
acids. Approximately 0.25 g of sample was digested. All heating-block digestions were filtered 
and diluted to a final volume of 50 mL. In soil, this digestion is a leach of the acid soluble 
species only. This digestion was used for all inductively coupled plasma/mass spectrometry 
(ICP/MS) and inductively coupled plasma/atomic emission spectroscopy (ICP/AES) analyses 
except for 99Tc and isotopic tin (117Sn and 126Sn) analysis. The digestion is modified for the 99Tc
analysis by using only nitric acid. This is done to eliminate the possibility of the formation a 
zinc-chlorine ion pair of mass 99. The laboratory believes this ion, when present, is responsible 
for low level false positives. 

3.1.3 Water Digestion 

A water digestion or leach was prepared for the anions by ion chromatography, 14C, and tritium 
analyses using approximately 0.25 to 4 g of sample diluted to 25 mL. Sonification was used, and 
the leachate was then filtered. In soil, this digestion is a leach of the water soluble species only. 

3.2 INORGANIC ANALYSES

3.2.1 Cyanide

The cyanide analysis was performed on direct subsamples of the liner composite samples. All 
analyses met the SW846 holding time of 14 days except for sample B1YT71 (S09V000171). The 
holding time was missed due to the need for reanalysis, which was caused by quality control 
(QC) failures during the first analysis. The sample was initially analyzed within the holding time, 
but the final analysis, which passed all QC requirements, was 1 day past the holding. The sample 
result was the same for both analyses. The laboratory believes there was no effect on the final 
result from this missed holding time. There was no required reporting limit in the SAP for 
cyanide. The target detection limit was 0.5 �g/g, which is at least an order of magnitude lower 
than the current laboratory method (lachet micro-distillation) can reach.

3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples. All analysis 
met the SW846 holding time of 7 days except for samples B1YT92 (S09V000382), B1YTH1 
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(S09V000626), and B1YTH3 (S09V000642). The first holding time was missed due to the lack 
of analytical personnel resources. The other two missed holding times were caused by the 
inability of the analytical personnel to access the laboratory due the lack of facility support, 
which is beyond the control of analytical personnel and their management. There was no 
required reporting limit in the SAP for sulfide. The target detection limit was 5 �g/g. Three 
sample results had adjusted MDLs of 5 �g/g. The rest were between 6��g/g and 8 �g/g.

Batches 13951, 13952, 14332, 14517, 14598, and 14778: There were no notable issues with 
these batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14184: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 36%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14354: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 32%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

3.2.3 pH Analysis 

The pH analysis was performed on the liner composite samples. These analyses met all QC 
requirements in the FSAP, SAP, and QAPP. The FSAP lists a pH holding time requirement of 
“as soon as possible.” All pH measurements were taken immediately after the water leach was 
performed, but the sampling to analysis date varied from 2 to 20 days (see Attachment 3). There 
is no correlation between pH results and days to analysis, and the results fall within an expected 
range for alkaline soils. This indicates that the large variation in time has no apparent effect on 
the results. However, the client’s expectation was that analysis would be performed within 
14 days. For future projects, the analysis will be performed in less time. 

3.2.4 Mercury

Analysis for mercury was performed on digested subsamples of the liner composite samples. All 
results met the QC requirements in the FSAP, SAP, and QAPP. All analyses met the holding 
time of 28 days, except for samples B1YT80 (S09V000174), B1YT83 (S09V000175), and 
B1YT98 (S09V000392). This was apparently the result of an oversight error by the analytical 
staff. The laboratory is working on improvements in holding time expiration tracking. 

This analysis met the required and target detection limits except for three samples: B1YT71 
(S09V000171), B1YT74 (S09V000172), and B1YT77 (S09V000173). These sample results met 
the target detection limit of 0.2 mg/Kg but were twice the required detection limit of 
0.01 mg/Kg. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for NH4
+ was performed using a distillation preparation of the liner composite samples. 

The SAP lists an administrative holding time of 7 days. The laboratory believes that after 
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distillation and preservation, the holding is 28 days based on EPA drinking water and waste 
water holding times for preserved samples. There is no regulatory holding time limit 
promulgated for ammonium in soil. Four samples were analyzed outside of the administrative 
7-day holding time: B1YT71 (S09V000219), B1YT92 (S09V000425), B1YTH1 (S09V000632), 
and B1YTH3 (S09V000648). This was apparently the result of an oversight error by the 
analytical staff. The laboratory is working on improvements in holding time expiration tracking. 
These analyses met the target detection limit listed in the SAP. There was no required reporting 
limit in the SAP or FSAP for ammonium. 

Batches 14073, 14226, 14237, and 14498: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14301: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample, a “B” flag has been applied to the 
associated results. Since both the sample and the blank results were below the quantitation limit, 
reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were met for 
this batch. 

Batch 14710: Samples B1YTF4 (S09V000599) and B1YTF4 (S09V000615) were analyzed with 
an LCS and MS, which used a standard that was 2 days past the expiration date. Since the 
recoveries of the expired standards were within 95% to 100% of the expected value, and the 
analytical batch contained other valid standards with acceptable recoveries, it is the laboratory’s 
opinion that the data quality was not affected. Therefore, no reanalysis was requested. One of the 
two preparation blanks contained in this analytical batch had an ammonium result slightly above 
the MDL. Since the associated samples were non-detect, there is no effect on the data. All QC 
requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14840: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since the blank result was below the quantitation limit, reanalysis was 
not required. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14659: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since both the sample and the blank results were below the quantitation 
limit, reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were 
met for this batch. 

3.2.6 Ion Chromatography – Anions and Small Organic Acids 

Ion chromatography analysis was performed on a water digest of subsamples from all soil 
composite samples except for B20XV5. This was due to insufficient sample volume. This 
sample was the 6-ft. to 8-ft. interval from core hole C6402, which was a retake of the same 
interval in core hole C6404. The laboratory met all the required and target detection limits. All 
analyses were within the applicable holding time. All sample spikes used in this analysis are post 
digestion spikes. Current laboratory procedures and practice were developed for the analysis of 
concentrated waste, which typically does not include the use of predigestion spikes for this 
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analysis. The laboratory will change to predigestion spike for future projects. In general, these 
samples experienced multiple RPD failures in every batch. All samples were reanalyzed and 
little improvement was seen. Other analyses also experienced high RPDs. The exact cause of the 
IC failures is unknown at this time, but it is matrix related. The “c” has been applied to all 
samples in the batch, not just the sample used for the duplicate analysis. 

Batch 16700: Nitrite and nitrate were present in the preparation blank at levels below the 
quantitation limit; therefore, reanalysis was not required. Sample results have been flagged with 
“B” when appropriate. The RPD for formate and oxalate exceeded the required 30%. However, 
since the results for these analytes were below the quantitation limit, the criterion does not apply. 
The RPD for fluoride, acetate, sulfate, nitrate, and phosphate exceeded the 30% requirement, and 
results were all above the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16701: The preparation blank result for chloride was above the MDL but less than the 
quantitation limit. Therefore, the data quality was not affected and reanalysis was not required. 
The samples were “B” flagged as appropriate. The closing continuing calibration blank (CCB) 
result for formate was above the MDL but less than the quantitation limit. Therefore, the data 
quality was not affected and reanalysis was not required. The samples were “B” flagged as 
appropriate. The RPD for nitrite and oxalate exceeded the required 30%. However, since the 
results for these analytes were below the quantitation limit, the criterion does not apply. The 
RPD for sulfate, nitrate, and chloride exceeded the 30% requirement, and results were all above 
the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16744: The RPD for acetate exceeded the required 30%. Since the result for this analyte 
was below the quantitation limit, the criterion does not apply. The RPD for nitrite exceeded the 
30% requirement, and all results were above the quantitation limit. The sample results have been 
flagged with a “c.”  

Batch 17027: The RPD for oxalate and formate exceeded the required 30%. Since the result for 
these analytes were below the quantitation limit, the criterion does not apply. The RPD for 
acetate, nitrate, nitrite, and sulfate exceeded the 30% requirement, and results were all above the 
quantitation limit. The sample results have been flagged with a “c.”

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectroscopy 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples. In general, the ICP/AES analysis experienced repeated failures for the duplicate RPDs, 
serial dilutions, and matrix spike recoveries. The laboratory believes these failures are due to 
interferences from high levels of iron and aluminum, and sample inhomogeneity. This is 
supported by the fact that there were no post digestion spike failures. The interference from the 
iron and aluminum appeared to cause signal suppression in most cases. The impact of this 
interference could be reduced by reanalyzing the samples using smaller aliquots or greater 
dilution, but this would cause some primary elements to be reported as estimated or non-detected 
above the required detection limits. This was discussed with the client, who agreed that 
reanalysis would not improve the overall analytical results (see Attachment 5). Additionally, it 
was noted that some of the secondary analytes experienced LCS failures and that reanalysis was 
not required for secondary elements. In particular, the digestion method used, which was an acid 
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leach, does not produce consistent results for silicon. The amount of silicon leached from a 
highly siliceous material, like soil, is not consistent when using an acid leach. Also, the LCS 
recoveries are somewhat variable and may be related to the concentration and types of acid used. 
Silicon is not listed with other elements in SW846-3050B, section 1.1, under “Scope and 
Application” for the method. 

The ICP/AES analysis was unable to obtain the required detection limit for antimony, arsenic, 
cadmium, lead, nickel, selenium, silver, thallium, and vanadium. These elements have been 
reported from separate ICP/MS analyses. Additionally, some chromium and cobalt results were 
from these same ICP/MS analyses. Total uranium has been reported by the ICP/AES analysis but 
did not meet the required detection limits in the FSAP. Since the isotopic uranium analysis by 
ICP/MS met the required detection limit for 238U, the overall data usability was not affected. For 
all other metals reported by ICP/AES, all target and required detection limits were met or the 
results were above the quantitation limit, with the exception of one sample. Sample B1YT71 
from core C6392 failed to meet the required detection limit for molybdenum and the target 
detection limits for beryllium, copper, and molybdenum.  

Batch 15041: The low level standard (LLS) for potassium failed low at 69%. This indicates that 
results near the LLS could be biased low. Since all potassium results were near the mid-range of 
the calibration, the data was not affected by the low LLS recovery. The MS recoveries for 
aluminum, calcium, and iron failed to meet the FSAP criterion. Since the sample concentrations 
of these analytes exceeded four times the spike level, the MS recovery criterion does not apply. 
The MS recovery for silicon exceeded the ±25% criterion in the SAP and FSAP at 311%. The 
laboratory believes that the failure is due to the inconsistent leaching of silicon discussed 
previously. The associated sample results have been flagged with a “b.” 

Batch 16002: The MS recoveries for aluminum, calcium, iron, and magnesium failed to meet the 
FSAP criterion. Since the sample concentrations of these analytes exceeded four times the spike 
level, the MS recovery criterion does not apply. The MS recovery for sodium, tantalum, 
titanium, and potassium exceeded the ±25% criterion in the SAP and FSAP, and the results have 
been flagged with a “b.” The laboratory believes this is a result of matrix interference due to the 
high levels of other elements in these samples and sample inhomogeneity. This was discussed 
with the client (see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for 
tantalum was less than 1%. The laboratory believes this was due to an issue with the standard. 
Since tantalum is not a required analyte, reanalysis was not required. Zinc was detected in the 
preparation blank above the MDL but less than the quantitation limit. Since the result was less 
than 5% of the sample result, the data quality was not affected. 

Batch 16229: Calcium was present in the preparation blank but was less than 5% of the lowest 
sample result. The MS recoveries for aluminum, calcium, iron, silicon, titanium, and magnesium 
failed to meet the FSAP criterion. Since the sample concentrations of these analytes exceeded 
four times the spike level, the MS recovery criterion does not apply. The serial dilution for 
manganese and sodium failed the 10% requirement at 19% and 12%, respectively. The results 
have been flagged with an “e.” This could indicate that the parent sample result is biased low due 
to matrix interference. 
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Batch 16778: The ICV standard recovery for rubidium was outside the 90% to 110% criterion at 
112%. The sample results have been flagged with an “X.” Reanalysis was not required since 
rubidium is a secondary analyte. The results for palladium and rubidium in the CCBs and initial 
calibration standard (ICB) were above MDL but below the quantitation limits. A “B” flag was 
applied since the blank result was greater than 5% of the sample results. Reanalysis was not 
required because all results (blank and samples) were below the quantitation limit. The LLS for 
rubidium, potassium, and palladium exceeded the 130% recovery criterion at 237%, 134%, and 
137%, respectively. The palladium and rubidium results should be considered biased high. Since 
these are secondary analytes, reanalysis is not required. All potassium results are above the ICV 
and CCV level. Therefore, the slightly high recovery of the LLS does not impact the data quality. 
The LCS for silicon failed low at 52%. Silicon results should be considered biased low and are 
flagged with an “a.” The preparation blank results for calcium and zinc were above the MDL but 
below the quantitation limit and less than 5% of the sample result. Therefore, the sample results 
were not affected. The duplicate RPD for praseodymium exceeded the 30% requirement in the 
SAP and FSAP. Since the sample result was below the quantitation limit, this criterion does not 
apply. The MS recoveries for aluminum, calcium, iron, and magnesium were outside the ±25% 
requirement in the SAPs. However, since the sample results for these elements were more than 
four times the spike level, the criterion does not apply. The MS recoveries for sodium, 
potassium, rubidium, silicon, and titanium were outside the 75% to 125% requirement, so all 
associated sample results have been flagged with a “b.” The laboratory believes this is a result of 
matrix interference due to the high levels of other elements in these samples. The %D for the 
serial dilutions exceeded 10% for magnesium, phosphorous, silicon, and titanium. The laboratory 
believes this is a result of matrix interference due to the high levels of other elements in these 
samples. An “e” flag has been applied to these results. Since the post digestion spike passed, the 
serial dilution was not required, nor was reanalysis. However, these results do indicate matrix 
interference. 

Batch 16822: The mid batch CCB result for praseodymium was above the MDL but below the 
quantitation limit. All associated sample results were less than 20 times the CCB result and were 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. The initial calibration blank result for iron was above the MDL but 
less than the quantitation limit and much less than 5% of the sample results; therefore, the data 
quality was not affected. The LCS failed low for silicon and tungsten; since these were 
secondary analytes, reanalysis was not required. The affected sample results have been flagged 
with an “a.” The duplicate RPD for cerium, cobalt, europium, sulfur, and praseodymium 
exceeded the required 30%. Since the results were below the quantitation limit, this criterion 
does apply. The duplicate RPD for aluminum, calcium, copper, iron, magnesium, manganese, 
sodium, neodymium, phosphorous, strontium, titanium, yttrium, and zinc exceeded the 30% 
criterion, and the associated samples have been flagged with “c.” The laboratory believes that 
this particular failure is due to sample inhomogeneity. The serial dilution for silicon, magnesium, 
calcium, iron, and manganese exceeded the required 10% criterion. Since the post digestion 
spike passed, the serial dilution was not required, nor was reanalysis. However, these results do 
indicate matrix interference. The MS recovery for aluminum, calcium, iron, and magnesium 
exceeded the 30% requirement in the SAP and FSAP. Since the sample results were more than 
four times the spike concentration, this criterion does not apply. The MS recovery for 
phosphorous, potassium, sodium, and tungsten exceeded the 30% requirement in the SAP and 
FSAP. The laboratory believes this is a result of matrix interference due to the high levels of 

Page 31 of 732



other elements in these samples and sample inhomogeneity. This was discussed with the client 
(see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for cerium was 
less than 1%. The laboratory believes this was due to an issue with the standard. Since cerium is 
not a required analyte, reanalysis was not required. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy

The ICP/MS actinide analysis was performed on the SW846-3050 acid digestion of all liner 
composite samples. The ICP/MS 126Sn and 99Tc analysis was performed on the same digest, 
without the addition of the hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis 
because of the potential formation of a ZnCl ion pair with mass 99. 

Direct calibration, where a standard containing the isotope and element of interest is used to 
calibrate the response of the isotope, is the most accurate type of calibration. Standard material is 
not available for all the isotopes of interest. Those isotopes without available standards are 
calibrated using the instrument’s mass-response curve that is generated by using the 
intensity/concentration relationship for the available isotope standards. While the isotope results 
calibrated in this manner are designated “semi-quantitative” in the procedure, the differences in 
instrument response along the curve are generally small enough across the actinide mass range 
such that the results generated might be expected to be within similar uncertainties associated 
with quantitative results (i.e., those obtained directly against an isotope-specific standard). 

A similar approach is used to evaluate the recoveries of calibration checks, standards, and spikes. 
Just as all of the elemental isotopes of interest are not available for calibration, they are also not 
available for the various QC samples. Because the chemical properties of an element are the 
same for all of its isotopes, one elemental isotope can be used as a measure for other isotopes of 
interest. For example, by measuring the recovery of 238U in the various QC samples, the accuracy 
of the other uranium isotopes also can be evaluated. Table 1 lists the isotopes used for standards 
and spike samples for ICP-MS analyses. A response curve is derived using the slopes of the 
calibration lines of the available isotope standards. Slopes for the isotopes without available 
standards are then derived from the response curve, and results are calculated using the derived 
slopes. 

Table 1. Inductively Coupled Plasma-Mass Spectroscopy Standards and Spikes.

Standard Type Analytes Analyzed 
Initial calibration verification (nondigested) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Acid digest standard (laboratory control standard) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Predigest spike (MS) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Post-digest spike 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
No standard or spike of either type 126Sn, 230Th, 233U, 234U, 236U,

3.2.8.1 Technetium-99 and Tin-126 
The required detection limit listed in the SAP for 99Tc was met. The target detection limit for 
99Tc was not met. There were no required or target detection limits for 126Sn listed in the SAP. 
The FSAP lists a holding time of isotopic analytes as 6 months. All samples were initially 
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analyzed within the holding time. However, due to a required reanalysis, nine samples exceeded 
the holding time. The reanalysis was delayed by instrument repair, failure of the chemist review 
to recognize the need for reanalysis, and delayed third level review by the project manager. 
Additionally, Washington River Projection System’s management set the analytical priority of 
C Farm analysis behind other projects. Since the analytical results did not significantly change 
from the initial to the final analysis, the laboratory does not believe these exceedances affected 
the final results.

Batches 16639, 16734, and 16982: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16341: The preparation blank contained 117Sn below the quantitation limit. However, all 
samples in the batch were nondetect for 117Sn, so the data was not affected. The LCS for 117Sn
exceeded the required 120% at 141% and the associated results have been flagged with an “a.” 
This could indicate a high bias for these results. However, since the results for all samples were 
below the MDL, the data was not affected. The MS for 117Sn met the recovery requirements, 
demonstrating preparation batch accuracy to some degree. 

Batch 16865: The mid-run CCB contained 99Tc below the quantitation limit. All field samples in 
this batch demonstrated results below the MDL; therefore, the data was not affected. 

Batch 16970: All blanks contained a low level of 126Sn, and the preparation blank contained a 
low level of 126Sn and 99Tc. Since neither 126Sn or 99Tc were detected in the samples, the data 
quality was not affected and reanalysis was not required. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes and in all samples. The FSAP 
lists the holding time for isotopic analytes as 6 months. All samples were initially analyzed 
within the holding time. However, due to a required reanalysis, 11 samples exceeded the holding 
time. The reanalysis was delayed by instrument repair, failure of the chemist review to recognize 
the need for reanalysis, and a delayed third level review by the project manager. Additionally, 
Washington River Projection System’s management set the analytical priority of C Farm analysis 
behind other projects. Since the analytical results did not significantly change from the initial to 
the final analysis, the laboratory does not believe these exceedances affected the final results. 

Batch 15672: Neptunium-237 was detected in the mid-run CCB below the quantitation level. All 
affected samples have a similar result and have been flagged with a “B.” Since all 237Np results 
were below the quantitation level, reanalysis is not required. All blanks (CCB and preparation 
blanks) contained 232Th below the quantitation level and were less than 5% of the sample results. 
Therefore, the results were not affected and reanalysis was not required. The LLS for 235U was 
recovered above the 130% requirement at 131%. Since the lowest sample result was more than 
10 times the LLS level, the results were not affected. The RPD for 237Np exceeded the 30% 
requirement at 47%. Since the results were below the quantitation limit, this criterion does not 
apply. The closing CCB result for 238U was above the MDL but below the quantitation limit and 
less than 5% of the sample results; therefore, reanalysis was not required. 

Batch 16171: The preparation blank result for 235U was below the quantitation limit but less than 
5% of the lowest sample result. Therefore, no reanalysis was required and the data quality was 
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not affected. The preparation blank result for 232Th was above the quantitation limit but less than 
5% for the sample result; therefore, reanalysis was not required and the data quality was not 
affected. The preparation blank contained 238U above the quantitation level and was greater than 
5% of three of the sample results. However, since the sample results were below the TDL and 
above the quantitation limit, the client gave permission to report the data with a “B” qualifier 
(see Attachment 5). The ending LLS for 235U exceeded the 130% requirement at 133%. This 
could indicate a high bias for 235U results near the LLS level. However, the lowest sample result 
for 235U was approximately 80 times the LLS level and the data quality was not affected. 

Batch 16595: The preparation blank contained 238U and 235U above the quantitation level and 
was greater than 5% of all of the sample results in this batch. Since the sample results were 
above the quantitation level but below the TDL, the client gave permission to report the data 
with a “B” qualifier and narration of the issue (see Attachment 5). The preparation blank result 
for 233U was below the quantitation limit and greater than 5% of the sample results. Since both 
the sample results and the blank result were below the quantitation level, reanalysis was not 
required. The associated results have been flagged with a “B.” The preparation blank result for 
232Th was above the quantitation limit but less than 5% of the sample results; therefore, 
reanalysis was not required and the data quality was not affected. The ICB and CCBs contained 
232Th below the quantitation limit, which had no effect on the data quality. The RPD for 234U
exceeded the 30% requirement at 38%; since the sample result was below the quantitation limit, 
this criterion does not apply. 

Batch 17023: The closing LLS exceeded the 130% criterion for 232Th at 164%. However, all 
results were near the CCV level, which is 200 times the LLS. Therefore, the data quality was not 
affected. The RPD for 234U and 238U exceeded the 30% requirement; since the sample result was 
below the quantitation limit, this criterion does not apply. 

Batch 17024: The first CCB contained 235U at a level equal to the MDL; since it was below the 
quantitation limit, the data quality was not affected. The initial LLS exceeded the 130% for 232Th
criterion at 164%. However, all results were near the CCV, which is 200 times the LLS, and 
therefore, there was no effect on the data quality. The RPD for 234U exceeded the 30% 
requirement; since the sample result was below the quantitation limit, this criterion does not 
apply.

3.2.8.3 Trace Metals 
Antimony, arsenic, cadmium, lead, nickel, selenium, silver, thallium, and vanadium were 
analyzed by ICP/MS to obtain the required detection limits in the SAP. Additionally, some 
chromium and cobalt results were used from the ICP/MS analyses. Except for the required 
detection limit for selenium, all target and required detection limits were met or the sample 
results were above the quantitation limit and the sample detection limit criteria do not apply. The 
target detection limit for selenium was approximately an order of magnitude below the detection 
limit obtained by using ICP/MS. The laboratory does not anticipate reaching this detection limit 
for future projects. The FSAP lists the holding time of isotopic analytes as 6 months. All samples 
were initially analyzed within the holding time using ICP/AES. However, due to a required 
reanalysis, 23 samples exceeded this holding time. The reanalysis was delayed by instrument 
repair, failure of the chemist review to recognize the need for reanalysis, and a delayed third 
level review by the project manager. Additionally, Washington River Projection System’s 
management set the analytical priority of C Farm analysis behind other projects. Since the 
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analytes with results that could be compared (chromium, cobalt, nickel, and vanadium) did not 
significantly change from the initial ICP/AES to the final ICP/MS analysis, the laboratory does 
not believe these exceedances affected the final results. 

SW846-6020A requires that an interference check standard be used to determine possible 
isobaric or polyatomic ion interferences. The current laboratory procedure does not require the 
use of this standard, and it was not included in these analyses. However, interferences were 
mitigated by the use of the collision cell, or gas mode, of the instrument. This was used for 
arsenic and vanadium to mitigate chloride interference. Since the blank result for these elements 
were below the MDL, the mitigation appears to have been successful. The laboratory plans to 
use the required interference check standard for future projects. 

Batch 16927: The initial LLS recovered Cr at 152%. Since all chromium results were above the 
ICV/CCV level, the high recovery of the LLS does not affect data quality for chromium. The 
selenium recoveries for the LLS were outside the 70% to 130% requirement in SW846 at 167% 
for the initial LLS and 36% for the final LLS. The selenium concentration selected for the LLS 
was only slightly above the MDL and was determined to be too low. Some of the subsequent 
analyses used a more appropriate LLS level of selenium. The preparation blank contained silver, 
cadmium, thallium, and nickel above their MDLs but below the quantitation limits. All sample 
results, except for nickel, have been flagged with a “B” because the blank result was greater than 
5% of the sample results. Reanalysis was not required because the blank results were below the 
quantitation limits.

Batch 16990: The preparation blank and mid-run CCB results for thallium were above the MDL 
but less than the quantitation limit. Since the blank result was greater than 5% of all sample 
results, a “B” flag has been applied. Reanalysis was not required since the blank result was 
below the quantitation limit.

Batch 17021: The closing LLS for selenium was recovered at 202%. Since all sample results for 
selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for the LLS was at the MDL and was determined to be too low. Some of the subsequent 
batches used a more appropriate LLS concentration of selenium. The preparation blank result for 
selenium was above the MDL. However, since all sample results were below the MDL, the data 
quality was not affected. The closing CCV for silver was below the required 90% at 89.3%. This 
CCV bracketed only QC samples, all of which met requirements. Therefore, reanalysis was 
deemed unnecessary. The duplicate RPD for nickel exceeded the 30% requirement at 45%, and 
the associated results have been flagged with a “c.” The laboratory believes this is due to sample 
inhomogeneity, and with client agreement, reanalysis was not performed (see Attachment 5). 

Batch 17062: The LLS recoveries for selenium were 213% and 220%. Since all sample results 
for selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for this LLS, though higher than previously used, was determined to be too low. 
Subsequent analyses used a more appropriate LLS concentration of selenium. The preparation 
blank and closing CCB results for selenium were above the MDL. However, since all sample 
results were below the MDL, the data quality was not affected. The duplicate RPD for cadmium 
exceeded the 30% requirement at 33%. Since the sample result was below the quantitation level, 
this criterion does not apply. The duplicate RPD for lead, thallium, and vanadium exceeded the 
30% requirement at 47%, 59%, and 44%, respectively, and the associated results have been 
flagged with a “c.” Based on ICP/AES and other analyses, the laboratory believes this is due to 
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sample inhomogeneity and, with client agreement, no reanalysis was performed (see 
Attachment 5). 

Batch 17063: The preparation blank result for thallium was above the MDL but less than the 
quantitation limit. Since the blank result was greater than 5% of all sample results, a “B” flag has 
been applied. Reanalysis was not required since the blank result was below the quantitation limit.
The duplicate RPD for thallium exceeded the 30% requirement at 32%. Since the sample result 
was below the quantitation level, this criterion does not apply. 

Batch 17222: The preparation blank result for selenium was above the MDL. However, since all 
sample results were below the MDL, the data quality was not affected. 

Batch 17230: The post digestion spike failed low at 42% for selenium. However, since the MS 
met the required recovery criteria at 102%, a post digestion spike is not required (per SW846). It 
should be noted that the raw sample result was negative, indicating a matrix interference. This 
may be the cause of the low post digestion spike recovery. The spike level for the MS is higher 
than the post digestion spike and possibly negated the interference. 

Batch 17234: There were no notable issues with this batch; all QC requirements in the FSAP, 
SAP, and the QAPP were met. 

3.3 RADIOCHEMICAL ANALYSIS 
The holding time listed in the FSAP for radioactive isotopes is 6 months. SW846 does not 
address holding times for these analytes. All radiochemical analyses met the 6-month holding 
time. Holding time tables for these analytes have not been included in Attachment 2. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples. Sample B1YT98 was inadvertently analyzed twice. The sample with the 
highest 137Cs result (S09V000473) has been reported in Attachment 1. The other analysis results 
and raw data are contained in Appendix 2. The GEA analysis met all the required detection 
limits in the SAP. The laboratory was unable to meet any of the target detection limits. 

Batches 13909, 15005, 15098, 15100, and 15511: There were no notable issues with these 
batches, and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batches 15099: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the client indicated (see Attachment 5) the FSAP and SAP only requires one field 
duplicate per core hole. Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-90/89

Strontium-90/89 analysis was performed on a strong acid digest of all liner composite samples. 
Fifteen of the sample analyses met the required detection limit of 2.3 pCi/g listed in the FSAP or 
had results above the quantitation limit. Of the remaining ten samples, all but one achieved a 
detection limit between 2.3 pCi/g and 4.2 pCi/g. No detection limit exceeded the lowest action 
limit of 23 pCi/g in Table 5.2 of the SAP.
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Batches 16420, 16466, and 16485: There were no notable QC issues with these batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16482: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting error of 117%. All samples, except one, had results below the MDA. The 
sample result above the MDA was below the quantitation limit and has been flagged with a “B.” 
Because the result of the blank and the sample were below the quantitation limit, reanalysis was 
not performed. 

Batch 16610: The RPD between the sample and duplicate was 116%. The original digestates 
were reanalyzed with similar results. There was insufficient sample to perform a second 
preparation of the sample. A “c” flag has been applied to all samples in the batch. 

Batch 16776: The blank result displayed in Attachment 1 for sample S09V000509 
(<2.7E-6 �Ci/g), is different from that in the batch report (<1.95E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16776) while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which has now been analyzed twice. Currently, the Data Summary Report (Attachment 1) 
reports only one blank result; it is from the original batch. Additional programming is required to 
change this. The two blank results are essentially the same. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples. This method 
only measured the tritium in the samples which can be dissolved in water. This analysis achieved 
the required detection limit in the FSAP but could not meet the target detection limit. There were 
no notable issues with any of the tritium batches, and all QC requirements in the FSAP, SAP, 
and the QAPP were met. 

3.3.4 Selenium-79

The 79Se analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the target detection limit in the FSAP. No required detection limit was listed. 
No standard is currently available for 79Se. A cold carrier is used to monitor recovery and is 
measured gravimetrically. 

Batches 16105 and 16145: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batches 16188, 16194, and 16259: The preparation blanks for these batches demonstrated 
positive results below the quantitation limit, as did many of the samples. All results had very 
large counting errors and were below the target detection limit. Because of these factors, 
reanalysis was not required. The associated results have been flagged with a “B.” 

Batch 16409: The blank results displayed in Attachment 1 for sample S09V000509 
(<1.51E-6 �Ci/g) and S09V000666 (5.23E-6 �Ci/g) are different from that in the batch report 
(<2.2E-6 �Ci/g). This resulted from these samples being rejected and reanalyzed in a new batch 
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(16409), while the remaining samples in the original batch were reported from the original batch. 
Both batches share the same preparation blank, which has now been analyzed twice. The current 
Data Summary Report (Attachment 1) reports only one blank result; it is from the original batch. 
Additional programming is required to change this. The two blank results are essentially the 
same. Even though the original blank result for sample S09V000666 was positive, it had a 
counting uncertainty of 185%. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples. The 10-ft. to 
12-ft. interval from core hole C6404 did not retrieve sufficient liner material to produce a sample 
for this analysis. The analysis achieved the required detection limit in the FSAP but exceeded the 
target detection limit. This analysis will only detect water soluble forms of 14C. There were no 
notable issues with the batches, and all QC requirements in the FSAP, SAP, and the QAPP were 
met. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the required detection limit in the FSAP but exceeded the target detection limit 
of 30 pCi/g. Most samples had detection limits of between 50 pCi/g and 100 pCi/g.  

Batches 15697, 16267, 16282, and 16392: There were no notable issues with these 63Ni batches, 
and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16240: The preparation blank had a positive result slightly above the MDA with a 
counting error of 412%. All samples, except one, had results below the MDA. The sample result 
above the MDA was below the quantitation limit and has been flagged with a “B.” Because the 
results for the blank and the sample were below the quantitation limit, reanalysis was not 
performed. 

Batch 16551: The blank result displayed in Attachment 1 for sample S09V000509 
(<5.65E-5 �Ci/g) is different from that in the batch report (<4.98E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16551), while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which was analyzed twice. The current Data Summary Report (Attachment 1) reports only 
one blank result; it is from the original batch. Additional programming is required to change this. 
The two blank results are essentially the same. 

3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite 
samples. The required and target detection limits in the SAP were met.  

Batches 16203, 16246, and 16307: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16468: The preparation blank result was above the quantitation limit but below the target 
detection limit. The customer contact agreed (see Attachment 5) that since the result was below 
the target detection limit, reanalysis was unnecessary. One of the samples in this batch had a 
result above the quantitation limit but below the target detection limit. This result has been 
flagged with a “B.” The remaining sample results were nondetect. 

Batch 16496: The preparation blank result was above the quantitation limit but below the target 
detection. Since the sample results were all nondetect, reanalysis was not required. 

3.3.8 Americium-241, Curium-243/244, and Curium-242

Analysis for 241Am, 243/244Cm, and 242Cm was performed on a strong acid digest of all liner 
composite samples. For this analysis, there were no notable issues with any batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. The required detection limit in the 
SAP was met, and all but three samples met the target detection limit. 

3.3.9 Plutonium-238 and Plutonium-239/240 

Plutonium isotopic (238Pu and 239/240Pu) analysis was performed on a strong acid digest of all 
liner composite samples. For this analysis, there were no notable issues with any batches and all 
QC requirements in the FSAP, SAP, and the QAPP were met. The required and target detection 
limits in the SAP were met  

3.4 ORGANIC ANALYSES 

3.4.1 Volatile Organic Analysis 

The VOA was performed on all field samples by purge and trap. Field sampling, sample 
containers, and preservation followed SW846-5035. The soil samples were delivered in a 
freezer, in pre-weighed VOA vials with magnetic stir bars and approximately 5 g of sample. 
After receipt, the VOA samples were stored in a freezer. For each sample interval, an additional 
high level sample preserved in methanol was also received. These were not used because none of 
the results for the frozen samples were above the calibration range. The exact weight of the 
sample and the tare weight of the VOA vials were recorded by sampling personnel and delivered 
with the samples. Four liquid trip blank samples were also received and analyzed. The samples 
were preserved with either HCl or H2SO4 to a pH < 2. 

The holding time for all samples is 14 days. All samples but two meet the required holding time. 
Sample B1YTB2 (S09V000410), a soil sample, exceeded the holding time requirement by 
2 days. This was caused by a lack of facility resources (radiological control technicians), which 
was beyond the control of the analytical staff contractor at 222-S. The facility operator is 
addressing the issue by hiring additional facility support staff. Sample B1YY24 (S09V000493), a 
trip blank, was analyzed 1 day beyond the required holding time. This was due to an oversight by 
222-S analytical personnel. The laboratory believes that the affect of the holding time 
exceedance on sample results is minimal. A study by the Department of Energy and others have 
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shown that exceedances of less than 2 weeks produce no statistical difference and only a few 
compounds are affected for up to 6 weeks (see Reference Section). 

The VOA analysis met the target and required detection limits in the SAP with the following 
exceptions: for 2-nitropropane, one sample was slightly above the target detection limit; for 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, m,p-xylene, o-xylene, and TCE, two samples 
were slightly above the target detection limits. These detection limit exceedances were caused by 
a less than 5 g aliquot in the VOA vial. The laboratory cannot adjust the amount of sample when 
following SW846-5035 and must analyze them as received. 

Loss of Internal Standards, Spike Compounds, and Surrogates: During the VOA analysis of 
the C Farm soil samples, low recoveries of the internal standard and surrogates were frequently 
experienced. At times, the instrument produced no response at all for these monitoring 
compounds. The issue was extensively investigated and was isolated to only the C Farm soil 
samples. Liquid samples and laboratory prepared soil standards (using laboratory VOA vials and 
stir bars) were not affected. The C Farm soil samples were analyzed on different instruments, 
which eliminated instrumentation as the problem. The laboratory believes that this problem is 
related to the sample matrix and/or the oversized stir bars used by the client. Additionally, it was 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging. The problem was determined to be some type of blockage that impeded purge flow. The 
laboratory eventually developed a technique that provided improved results. This technique 
consisted of lightly shaking the VOA vial while monitoring purge flow with an in-line flow 
meter. The laboratory has requested that the client discontinue the use of the large stir bar and 
use different VOA vials.

The purpose of the internal standard is to compensate for fluctuation and drift in instrument 
response. The instrument responses for spikes, surrogates, or compounds found in the sample are 
adjusted base on their closest internal standard. A complete loss of internal standard undoubtedly 
invalidates the sample results. However, low internal standard recoveries do not necessarily 
mean that the data is unusable. SW846 only specifies minimum internal standard recovery 
requirements for the CCV, not the samples. While there are no regulatory limits for internal 
standard recoveries in a sample, there are practical limitations to the amount of fluctuation that 
can be tolerated before quantitation is affected. Typically that value is around the limits specified 
for the CCV (-50 to +100% drift). The further that the sample internal standards are from the 
established CCV limit, the more likely the quantitation is adversely affected. When internal 
standard recoveries fall outside these limits, surrogate recoveries may be used to evaluate any 
adverse effects on quantitation. On all samples exhibiting low internal standard responses, 
associated surrogate recoveries were evaluated to determine if the loss had significant effect on 
the reported results. Based on this evaluation, the laboratory believes that the VOA results 
contained in this report are useable. 

Samples and their associated MS and matrix spike duplicate (MSD) were initially analyzed 
together in a single analytical run. However, because of the frequent internal standard failures, 
many reanalyses were required. Due to the limited number of extra sample vials (five per 
sample), the reanalysis did not typically contain the original sample, MS, and MSD. 
Consequently, the analytical batches contained in this report have sample and associated QC 
results for different analytical runs, which were often on different days. The construction of 
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batches in this manner was necessary for the laboratory information management system to 
associate a sample and its MS/MSD pair. All information and data concerning the analysis and 
reanalysis are contained in the VOA section of Appendix B. 

The discussion below of the individual batches will not contain additional information 
concerning the low recoveries of internal standards. Detailed information for each sample is 
contained Appendix B.

Batch 14157: The method blank contained 1,2-dichloroethane and acetone below the estimated 
quantitation limit. Since the sample results were below the MDL for these compounds, reanalysis 
is not required. The LCS demonstrated a high recovery for acetone, 1-butanol, 2-butanone, and 
methyl isobutyl ketone (MIBK). Since these compounds were non-detect in the sample, 
reanalysis is not required. Sample results have been flagged with an “a.” 

Batch 14180: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15471: The RPD between the MS and MSD failed to meet the 30% requirement for 
acetone, 1-butanol, 2-butanone, and MIBK. Since the sample did not contain quantifiable 
amounts of these compounds, reanalysis was not necessary. However, the sample results were 
flagged with a “c” indicating a batch precision failure. The MS failed slightly high at 131% for 
2-butanone. Since this compound was not detected above the quantitation level, reanalysis was 
not required. The sample was flagged with a “b.” 

Batch 15472: The second method blank contained acetone below the estimated quantitation 
limit. Since the associated sample did not contain acetone above the estimated quantitation limit, 
reanalysis is not required. A “B” flag has been applied to the sample result. Toluene was present 
in the second method blank below the estimated quantitation limit. Since the associated sample 
results were below the MDL, the data was not affected. The first LCS demonstrated a high 
recovery for 1,1-dichloroethene, MIBK, acetone, and 2-butanone. Since these compounds were 
not detected in the samples above the estimated quantitation limit, reanalysis is not required. 
Sample results have been flagged with an “a.” The MS recovery for 1-butanol was above the 
30% requirement and a “b” flag has been added to the associated results. Since this compound 
was not detected in the associated samples, reanalysis was not required. The CCV %D exceeded 
the ±20% requirement for trichlorofluoromethane, 1,1-dichloroethene, carbon disulfide, acetone, 
and 2-butanone. All were above the expected value. Since all compounds were either not 
detected or below the estimated quantitation limit, the results were not affected and reanalysis 
not required. The CCV met the 15% average %D requirement. 

Batch 15474: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. The CCV for acetone 
exceeded the 20% %D requirement. Since the CCV was above the calibration amount and the 
sample was nondetect, reanalysis was not required. 

Batch 15476: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. 
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Batch 15477: The method blank contained acetone below the estimated quantitation limit. Since 
the associated samples did not contain acetone above the estimated quantitation limit, reanalysis 
is not required. All acetone results were slightly above the MDL and have been flagged with a 
“B.” The RPD between the MS and MSD exceeded the 30% requirement at 31% for 1-butanol. 
Since the samples were nondetect for this compound, reanalysis was not required. A “c” flag was 
added to the associated sample results. The CCV for acetone exceeded the 20% %D requirement. 
Since the CCV was above the calibration amount and the samples were below the estimated 
quantitation limit, reanalysis was not required.  

Batch 15479: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15491: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477.

Batch 15492: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477, and the MS/MSD for core 
hole C6402 is in batch 15471.

Batch 15493: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15503: The method blank contained acetone below the estimated quantitation limit. Since 
associated samples did not contain acetone above the estimated quantitation limit, reanalysis is 
not required. Two samples contained acetone at slightly above the MDL and have been flagged 
with a “B.” The method blank contained toluene below the estimated quantitation limit. Since 
associated samples did not contain toluene above the MDL, reanalysis was not required. 

Batch 15525: The CCV %D for 1-butanol was slightly high at 20.6%. Since the sample did not 
contain 1-butanol above the MDL, the result was not adversely affected. Since the client only 
required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. 
The MS/MSD for core hole C6404 is in batch 15674. 

Batch 15671: The CCV associated with the field samples and the MSD for sample B1TY75 
(S09V000125) had a %D of -23% for 1-butanol. This could indicate that positive results for 
1-butanol could be biased low. A laboratory-defined “Y” flag has been applied to these results. 
1-butanol was not detected in these samples. Additionally, the MSD was recovered at 90%, 
indicating that the low CCV had minimal affect on the results. The CCV associated with the 
MS/MSD for sample B1YT72 (S09V000124) and MS for sample B1YT75 (S09V000125) had a 
%D of -30% for 1-butanol. The recoveries for the field quality control samples were within the 
required 70% to 130%, indicating that the low CCV had minimal effect on the analysis results. 
The average %D was less than 15%, which meets the SW-846 requirement.
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Batch 15673: The CCV %D exceeded the 20% limit for acetone. Acetone was recovered above 
the expected calibration value. This could indicate a high bias for acetone sample results. Since 
the sample result for acetone was below the estimated quantitation limit, reanalysis was not 
required and the data was not affected. The method blank contained acetone and toluene below 
the estimated quantitation limit. The sample contained acetone below the estimated quantitation 
limit and was nondetect for toluene. Since all results (blank and sample) were below the 
estimated quantitation limit, reanalysis was not required. Since the client only required an 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6400 is in batch 15503. 

Batch 15674: The CCV had a %D at -21% for 1-butanol. This could indicate that positive results 
for 1-butanol could be biased low. A laboratory defined “Y” flag has been applied to these 
results. 1-butanol was not detected in these samples. The LCS and MS/MSD recoveries were 
within the required limits, indicating that the low CCV had minimal effect on the analysis 
results. The average %D was less than 15%, which meets the SW-846 requirement.

Batch15785: The LCS recoveries for 1-butanol, 2-butanone, MIBK, and acetone were above the 
required 130%. The sample did not contain these compounds above the MDL, so the results were 
not affected. The method blank contained toluene below the estimated quantitation limit. Since 
the associated sample did not contain toluene above the MDL, reanalysis was not required. The 
CCV %D for 1-butanol was slightly high at 20.1%. Since the sample did not contain 1-butanol 
above the MDL, the result was not adversely affected. Since the client only required and 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6404 is in batch 15674. The average %D was less than 15%, which 
meets the SW-846 requirement. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples except B20XV5 and B20XW3. These samples were not analyzed 
based on the client’s instructions. Each extract was analyzed twice using two separate calibration 
curves to provide calibrated results for all compounds listed in the FSAP and SAP. All holding 
times were met except for the extraction of sample B20XV9 (S09V000742). This was caused by 
failure to assign the test during log-in. 

Ten of the twenty-two samples contained a low level of bis (2-ethylhexyl) phthalate, which was 
not detected above the MDL in the method blanks. Additionally, low levels of 
di-n-butylphthalate were detected in four samples and was present in the method blank 
associated with two of the samples. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination could also be the 
source. If laboratory contamination is present, it will usually appear in the method blank. Due to 
the prevalence of low level phthalate contamination in the environment, it can be hard to 
determine the source of low level results. Equipment blanks can help isolate the source of 
phthalates, but no equipment blanks were analyzed with these samples. One possible source of 
phthalate could be the red plastic end caps used with the liners. It is the laboratory’s opinion that 
the use of these end caps should be discontinued. 
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The SVOA analysis met the required and target detection limits with two exceptions: 

� The adjusted MDLs for cyclohexanone were above the 0.5mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.5 mg/kg an 0.7 
mg/kg. The adjusted MDLs for di-n-butyl-phthalate were above the target detection limit 
of 0.33 mg/kg. The analysis achieved a detection limit of between 0.5 mg/kg and 0.7 
mg/kg for this compound. 

� LCS, MS, and MSD recoveries were compared against the laboratory’s statistical process 
control (SPC) limits, as required by SW-846. The use of SPC limits is allowed in the 
FSAP, SAP, and QAPP. 

Batches 14181, 14528, 14529, and 15811: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met.  

Batch 14169: The surrogate terphenyl-d14 was recovered below the laboratories SPC limits of 
75% to 175% at 62%. It is the laboratory’s opinion that this is not a particularly low recovery 
and the usability of the associated results was not affected. The SPC limits appear to be biased 
high. SPC limits are currently under review and will be updated. This bias is expected to be 
corrected. All other QC requirements were met. 

Batch 14527: Di-n-butylphthalate was detected in the method blank below the quantitation limit. 
However, the blank result exceeded 5% of the associated sample results. These results have been 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. No MS or MSD was analyzed with this batch. Since the client only 
required that an MS and MSD be analyzed once per core hole (see Attachment 5), this 
requirement was met in batch 14529. All other QC requirements were met. 

Batch 14580: For two samples, the surrogate terphenyl-d14 was recovered below the 
laboratory’s SPC limits of 75% to 175% at 64% and 58%. It is the laboratory’s opinion that this 
is not a particularly low recovery and the usability of the associated results was not affected. The 
SPC limits appear to be biased high. SPC limits are currently under review and will be updated. 
This bias is expected to be corrected. All other QC requirements were met. 

Batch 15509: All QC requirements were met. However, a large cyclohexene peak was detected 
during the second analysis of the samples. Since the TICs were reported from the 1st analysis 
only, this peak has not been reported. The laboratory believes that the cyclohexene was present 
in the methylene chloride used for the extraction. 

3.4.3 Tentatively Identified Compounds 

Unassigned peaks or TICs were treated as follows. Standards were obtained and analyzed for 
each secondary analyte identified in the SAP. This data was accumulated in the Hanford library. 
Following analysis, the largest TICs with instrument responses greater than 10% of the response 
of the nearest internal standard were evaluated and compared to the Hanford library. The 
estimated concentration of these TICs was calculated using measured response factors from the 
Hanford library compound list. 
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After comparison to the Hanford library, remaining unknowns were compared to the National 
Institute of Standards and Technology (NIST) 02, HP Mass Spectral (compound) Libraries. The 
estimated concentration of compounds identified from the NIST library was calculated based on 
an arbitrary response factor of 1.0. If the compounds were not identified as a result of this 
comparison, they were reported as “unknown.” Summaries of the SVOA and VOA TICs from 
the field samples and method blanks are provided in Attachment 4. TICs found in the field 
samples and which were present in the associated batch method blank have been flagged with 
“B.”

4.0 PROCEDURES

Table 2 lists the analytical procedures used for analysis of the C-Farm samples.  

Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

Cyanide LA-695-103, Rev. I-0, J-0 (SW-846 
9010C) 

LA-695-103, Rev. I-0, J-0 
(SW-846 9014) 

Sulfide LA-361-101, Rev. D-0 (SW-846 
9030B) 

LA-361-101, Rev. D-0 
(SW-846 9215) 

pH Direct LA-212-105, Rev. G-0 
(SW-846 9045D) 

Mercury – Cold Vapor 
Atomic Absorption 

LA-325-106, Rev. G-0 (SW-846 
7470A, 7471A) 

LA-325-106, Rev. G-0 
(SW-846, 7470A, 7471A) 

Ammonia – IC LA-544-112, Rev. D-0 LA-533-101, Rev. O-0 
Anions & Organic Acids – IC LA-504-101, Rev. L-0 LA-533-115, Rev. J-0 
Metals – ICP /AES LA-505-163, Rev. F-0 (SW-846 

3050B) 
LA-505-161, Rev. I-0, J-0a 
(SW-846 6010C) 

99Tc, 126Sn – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Metals – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-103, Rev. A-0 
(SW-846 6020A) 

Actinides – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Radiochemical Analyses 
GEA Direct LA-548-121, Rev. I-0 
90Sr – Separation/Beta 
counting

LA-544-101, Rev. F-0 LA-220-101, Rev. I-0 

Tritium – LSC LA-504-101, Rev. L-0 LA-218-114, Rev. F-0 
14C – LSC LA-504-101, Rev. L-0 LA-348-104, Rev. H-0 
79Se – Separation/LSC LA-544-101, Rev. F-0 LA-365-102, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA LA-544-101, Rev. F-0 LA-378-105, Rev. C-0 
241Am, 243/244, 242Cm – 
Separation/AEA

LA-544-101, Rev. F-0 LA-953-104, Rev. H-1 

239/240, 238Pu – Separation/AEA LA-544-101 Rev. F-0 LA-953-104, Rev. H-1 
Organic Analyses 

VOC – GC-MS Direct LA-523-118, Rev. G-0 
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Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
SVOC – GC/MS LA-523-138, Rev. F-0 (SW846-

3540C)
LA-523-135, Rev. C-0 
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Data Validation Supporting Documentation 
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WMA C VSR10-013

Carl Schloesslin 222-S Laboratory 4-28-2010

20090160 & 20090345

X

SDG 20090160 (soil samples): B1YT69, B1YT72, B1YT75, B1YT78, B1YT81 
 
SDG 20090345 (water sample): B1YY23 (trip blank)

None
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Trip blank B1YY23 detect: methylene chloride, 5.44 ug/L

LCS & MS/MSD: Five common analytes spiked plus four additional analytes.  Trans-1,3-dichloropropene 
and carbon disulfide not represented in LCS and MS/MSD
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None

None
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Date:  28 April 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Semivolatile Organics - Sample Data Group (SDG) 20090160 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDG 20090160 prepared by 222-S 
Laboratory.  A list of samples validated along with the analytical methods is provided in the 
following table.  
 

Sample ID Sample Date Media Validation Level Analytical Methods 
B1YT71 4/14/2009 Soil C 8270 
B1YT74 4/21/2009 Soil C 8270 
B1YT77 4/22/2009 Soil C 8270 
B1YT80 4/30/2009 Soil C 8270 
B1YT83 4/30/2009 Soil C 8270 

 
Data validation was conducted in accordance with the CHPRC validation statement of work and 
the Field Sampling and Analysis Plan for Sites P and L at Waste Management Area C, RPP-
PLAN-40564, Rev. 0 (SAP).  Appendices 1 through 6 provide the following information as 
indicated below: 
 
Appendix 1. Glossary of Data Reporting Qualifiers 
Appendix 2. Summary of Data Qualification 
Appendix 3. Annotated Laboratory Reports 
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation 
Appendix 5. Data Validation Supporting Documentation 
Appendix 6. Additional Documentation Requested By Client 
 
DATA QUALITY OBJECTIVES
 
� Holding Times and Sample Preservation 
 
Holding times are calculated from Chain-of-Custody forms to determine the validity of the 
results.  The holding time requirements for semivolatile organics in soil are extraction within 14 
days of sample collection and analysis within 40 days of sample extraction.  Sample preservation 
requires chilling to 4 degrees Celsius. 
 
The samples were extracted and analyzed within the prescribed holding times and properly 
preserved. 
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� Blanks

The blank data results are reviewed to assess the extent of contamination introduced through 
sampling, sample preparation, and analysis. 

Laboratory Blanks
 
All laboratory blank results were acceptable. 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
No equipment blanks were submitted for analysis. 
 
� Accuracy

Accuracy is evaluated by reviewing surrogate results, matrix spike sample results, and laboratory 
control sample results.  According to the SAP, the matrix spike and laboratory control sample 
accuracy limits are 70% to 130%.  The limits for reported analytes not listed in the SAP are 
specified by the DV procedure. 
 
Surrogates

All surrogate recoveries were acceptable with the following exceptions. 
 
For batch 14169, the terphenyl-d14 recovery for sample B1YT77 was below the lower 
acceptance limit but >10%.  The class of reported sample results associated with surrogate 
terphenyl-d14 were all non-detects and should be qualified as estimates and flagged “UJ.” See 
the table in Appendix 2 for a listing of all affected sample results. 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples
 
All MS/MSD recoveries were acceptable with the following exceptions. 
 
For all batches, only eleven 8270 MS/MSD analytes were reported.  Reported analytes not 
represented in the MS/MSDs were pyridine, tributyl phosphate, 2-ethoxyethanol, cyclohexanone, 
n-nitrosomorpholine and isobutanol.  All sample results for these analytes were non-detects and 
should be qualified as estimates and flagged “UJ.” 
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For batch 14169, the MS and MSD recoveries for 1,2,4-trichlorobenzene; 1,4-dichlorobenzene; 
4-chloro-3-methylphenol; 2-chlorophenol; n-ninitrosodipropylamine; phenol and acenaphthene 
were  below the lower acceptance limits.  The associated classes of results for sample B1YT77 
were all non-detects and should be qualified as estimates and flagged “UJ.”  See the table in 
Appendix 2 for a listing of all affected sample results. 
 
For batch 14181, the MS and MSD recoveries for 1,2,4-trichlorobenzene; 1,4-dichlorobenzene; 
2-chlorophenol; n-ninitrosodipropylamine and phenol were  below the lower acceptance limits.  
The associated classes of results for samples B1YT71 and B1YT74 were all non-detects and 
should be qualified as estimates and flagged “UJ.”  See the table in Appendix 2 for a listing of all 
affected sample results. 
 
For batch 14528, the MS and MSD recoveries for n-ninitrosodipropylamine were below the 
lower acceptance limit.  The associated class of results for samples B1YT80 and B1YT83 were 
all non-detects and should be qualified as estimates and flagged “UJ.”  See the table in Appendix 
2 for a listing of all affected sample results. 
 
Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable with the following exceptions. 
 
For all batches, only eleven 8270 LCS analytes were reported.  Reported analytes not represented 
in the LCSs were pyridine, tributyl phosphate, 2-ethoxyethanol, cyclohexanone, n-
nitrosomorpholine and isobutanol.  All sample results for these analytes were non-detects and 
should be qualified as estimates and flagged “UJ.” 
 
For batch 14169, the LCS recoveries for 1,2,4-trichlorobenzene; 1,4-dichlorobenzene; 4-chloro-
3-methylphenol; 2-chlorophenol; n-ninitrosodipropylamine; phenol and pentachlorophenol were  
below the lower acceptance limits.  The associated classes of results for sample B1YT77 were all 
non-detects and should be qualified as estimates and flagged “UJ.”  See the table in Appendix 2 
for a listing of all affected sample results. 
 
For batch 14181, the LCS recoveries for 1,4-dichlorobenzene; 2-chlorophenol; n-
ninitrosodipropylamine and phenol were  below the lower acceptance limits.  The associated 
classes of results for samples B1YT71 and B1YT74 were all non-detects and should be qualified 
as estimates and flagged “UJ.”  See the table in Appendix 2 for a listing of all affected sample 
results. 

� Precision 

Precision is evaluated by reviewing MS/MSD results, field duplicate sample results, and field 
split sample results.  These QC results provide information on the laboratory reproducibility and 
whether sampling activities are adequate to acquire consistent sample results.  According to the 
SAP, the relative percent difference (RPD) limits are �30%.  The RPD limits for reported 
analytes not listed in the SAP are specified by the DV procedure.  When duplicate RPDs exceed 
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the limits and have associated results <5X the required detection limits with differences <2X the 
required detection limits no precision infraction occurred. 
 
 
MS/MSD Samples
 
All MS/MSD relative percent difference values were acceptable. 
 
Field Duplicate Samples
 
No field duplicates were submitted for analysis. 
 
Field Split Samples
 
No field splits were submitted for analysis. 
 
� Detection Limits 
 
Reported MDLs are compared against the contractually required detection limits (CRDLs) to 
ensure that laboratory detection limits meet the required criteria. 
 
All reported sample MDLs were below the CRDLs [or Target Detection Limits (TDLs) when 
CRDLs were not provided in the SAP] with the following exceptions.  All sample 
cyclohexanone MDLs were > the TDL, and all associated sample results were non-detects.   
 
� Completeness 
 
SDG 20090160 was submitted for validation and verified for completeness.  Completeness is 
based on the percentage of data determined to be valid (i.e., not rejected).  The completion 
percentage was 100%. 
 
MAJOR DEFICIENCIES
 
None found. 
 
MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of sample results as estimates were due to a surrogate 
recovery infraction and non-represented QC data.  See the table in Appendix 2 for a listing of all 
affected sample results. 
 
It should be noted that results were not reported for COC requested analyte monobutyl 
phosphate. 
 
 

Page 121 of 732



REFERENCES
 
HNF-20433, Rev. 0, Data Validation Procedure for Chemical Analyses, June 2004.  
 
RPP-PLAN-40564, Rev. 0, Field Sampling and Analysis Plan for Sites P and L at Waste 
Management Area C, March 2009. 
 

Page 122 of 732



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1 

Glossary of Data Reporting Qualifiers 
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Qualifiers that may be applied by data validators in compliance with the CHPRC statement of 
work are as follows: 
 
� U � The constituent was analyzed for and was not detected.  The data should be considered 

usable for decision-making purposes. 
 
� UJ � The constituent was analyzed for and was not detected.  Due to a quality control 

deficiency identified during data validation the value reported may not accurately reflect the 
MDL.  The data should be considered usable for decision-making purposes. 

 
� J � Indicates the constituent was analyzed for and detected.  The associated value is 

estimated due to a quality control deficiency identified during data validation.  The data 
should be considered usable for decision-making purposes. 

 
� UR � Indicates the constituent was analyzed for and not detected; however, due to an 

identified quality control deficiency the data should be considered unusable for decision-
making purposes. 

 
� R � Indicates the constituent was analyzed for and detected; however, due to an identified 

quality control deficiency the data should be considered unusable for decision-making 
purposes. 
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Appendix 2 

Summary of Data Qualification 
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Semivolatile Organics Data Qualification Summary 

SDG: 20090160 Reviewer: AQA Project: WMA C Page 1 of 2 

Analyte(s) Qualifier Samples Affected Reason 

Pyridine 
Tributyl phosphate 
 2-Ethoxyethanol 
Cyclohexanone 

n-Nitrosomorpholine 
Isobutanol 

UJ 
B1YT71, B1YT74, 
B1YT77, B1YT80, 

B1YT83 

Lack of MS/MSD & 
LCS data 

Benzo(a)anthracene 
Benzo(b)fluoranthene 

Benzo(a)pyrene 
Benzo(k)fluoranthene 

Chrysene 
Dibenz[a,h]anthracene 

Fluoranthene 
Indeno(1,2,3-cd)pyrene 

Pyrene 

UJ B1YT77 Low surrogate 
recovery 

Acenaphthene 
Naphthalene UJ B1YT77 

Low surrogate 
recovery and low 

MS/MSD recoveries 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

2-Methylphenol 
2-Nitrophenol 
Cresol (m & p) 

Bis(2-
ethylhexyl)phthalate 
Butylbenzylphthalate 

4-Chloro-3-
methylphenol 

2-Chlorophenol 
Di-n-butylphthalate 
Di-n-octylphthalate 

N-Nitroso-di-n-
dipropylamine 

Hexachlorobutadiene 
Hexachloroethane 

Phenol 
Pentachlorophenol 

BHT 
Total Methylphenols 

UJ B1YT77 Low LCS and/or 
MS/MSD recoveries 
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Semivolatile Organics Data Qualification Summary 
SDG 20090160 Reviewer: AQA Project: WMA C Page 2 of 2 

Analyte(s) Qualifier Samples Affected Reason 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

2-Methylphenol 
Cresol (m & p) 

Bis(2-
ethylhexyl)phthalate 
Butylbenzylphthalate 

4-Chloro-3-
methylphenol 

2-Chlorophenol 
Di-n-butylphthalate 
Di-n-octylphthalate 

N-Nitroso-di-n-
dipropylamine 

Hexachlorobutadiene 
Hexachloroethane 

Phenol 
BHT 

Total Methylphenols 

UJ B1YT71, B1YT74 Low LCS and/or 
MS/MSD recoveries 

N-Nitroso-di-n-
dipropylamine UJ B1YT80, B1YT83 Low MS/MSD 

recoveries 
 
Comments: None 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C6392, C6400, C6402 C6404, AND C6406 

IN SUPPORT OF RCRA SOIL CHARATERICZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between March 11th and June 15th, 2009. The samples were analyzed in accordance with RPP-
PLAN-40564, Field Sampling and Analysis Plan for Sites P and L at Waste Management Area 
C, (FSAP); RPP-PLAN 3877, Sampling and Analysis Plan for Phase 2 Characterization of 
Vadose Zone Soil in Waste Management Area C (SAP); ATL-MP-1011, ATL Quality Assurance 
Project Plan for 222-S Laboratory (QAPP); Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods (SW-846); and the additional guidance given by the client’s point of 
contact.

Because the 222-S Laboratory Facility was designed to analyze hazardous and complex tank 
waste samples, most SW-846 test methods performed at the 222-S Laboratory contain deviations 
that are listed in an appendix in the analytical procedures. All known deviations or variances 
from SW-846 are documented in this narrative. The following attachments are included in this 
report.

Attachment 1 Data Summary Report
Attachment 2 Sample Breakdown Diagrams 
Attachment 3 Holding Time Report 
Attachment 4 Tentatively Identified Compounds (TIC) for Organic Analyses 
Attachment 5 Correspondence
Attachment 6 Receipt Paperwork 

This report also contains the following appendices. 

Appendix A Geologic Report 
Appendix B Analytical Raw Data 

2.0 SAMPLE RECEIPT AND BREAKDOWN 

2.1.1 Sample Receipt 

A total of 25 core intervals from five core holes along with two equipment blanks and three trip 
blanks were received by 222-S beginning March 11th and ending June 15th, 2009. The samples 
were delivered in a cooler with ice or, in the case of the volatile organic samples, in a freezer. 
The temperature of a randomly selected sample from each cooler or freezer was measured and 
recorded on the chain of custody. Laboratory sample receipt personnel failed to record the 
receipt temperature for four core intervals: 
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� C6404 - 6 ft. to 8 ft
� C6404 - 10 ft. to 12 ft.
� C6406 - 54.5 ft. to 56.5 ft.
� C6406 - 59 ft. to 61 ft.

This was caused partially by the confusion from the delivery of multiple core projects at the 
same time and failure of laboratory personnel to follow the sample receipt procedure. These 
issues have been addressed and corrective measures have been taken. Many of the samples 
received were outside the required temperature ranges. This was due to the fact that these 
samples had not been in the cooler or freezer long enough to reach equilibrium. This can be 
verified, in most cases, by comparing the receipt time with the sampling time. The cooler and 
freezer walls were sometimes measured and were within the required temperature range. This 
temperature was not generally recorded since this measurement is not called out in the 
procedure. For future projects, the temperature of a temperature blank or the side of the cooler or 
freezer will be measured and recorded as described in SW-846.  

2.1.2 Sample Breakdown 

The laboratory received each core interval as a set of volatile organic analysis (VOA) samples 
and three liner samples, when complete core recovery was obtained. Nine core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The liner samples from each core 
interval were extruded, described, and composited by the Washington River Protection 
Solutions, Inc. (WRPS) geologist. The geologist’s report is included in Appendix A. Provided 
sufficient samples existed, the composite for each core interval was analyzed as described in the 
SAP and FSAP. WRPS shipped a subsample of each composite to an offsite laboratory, when 
sufficient sample was available. The results of these analyses are not discussed in this report. 

The 10-ft. to 12-ft. interval from core hole C6404 consisted of only VOA vial samples. No core 
liners were received for this interval. A limited suite for radiochemical analyses was performed 
using the methanol-preserved VOA sample. No other analyses were performed. 

3.0 ANALYTICAL RESULTS SUMMARY 

The Data Summary Report (Attachment 1) presents the final analytical results for those analytes 
requested in the SAP and FSAP. Secondary analytes are only reported if detected. The TIC from 
gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic compounds 
(SVOC) is presented in Attachment 4. In addition to the required isotopes, all isotopes with 
positive gamma energy analysis (GEA) results were reported. 

The “Det Limit” column in Attachment 1 contains the method detection limit (MDL) for non-
radionuclide analyses, or the minimum detectable activity for radionuclides. 

In Attachment 1 the column labeled “A#” indicates the aliquot class or the method used for 
sample preparation before analysis. For solid samples, the aliquot classes are defined as follows: 

Page 141 of 732



“A” indicates samples that were prepared by SW846-3050B.
“E” indicates samples that were prepared by a strong acid digest. 

“O” indicates samples that were extracted for organic analysis. 

“S” indicates samples that were prepared by a distillation. 

“W” indicates samples that were prepared by a water digest. 

Samples without a letter identifier in the “A#” column were analyzed directly with no separate 
preparation or with sample preparation performed as a part of the procedure steps. 

The “Qual Flags” column in Attachment 1 contains data qualifier flags that are defined as 
follows: 

“B” is used to indicate that the analyte was detected in the method or preparation blank 
and in the sample, and the result for the blank was greater than 5% of the reported sample 
result. 

“J” indicates that the reported result should be considered an estimate because it is below 
the quantitation limit. The “J” flag is applied to sample concentrations that are greater 
than the MDL but less than the quantitation limit or sample activity with a counting 
uncertainty greater than 30%.

“N” indicates a TIC which has been named. 

“Q” indicates that the result is qualitative only. 

“T” indicated a TIC. 

“U” indicates that the reported result is less than the calculated detection limit. 

“Y” indicates that the percent difference (%D) for the continuing calibration verification 
standard (CCV) was greater than -20%. 

“X” indicates that the initial calibration verification (ICV) standard was outside the range 
specified in the QAPP. 

“a” indicates that the laboratory control sample (LCS) was outside of the specified range 
in the QAPP or SAP. 

“b” indicates that the matrix spike (MS) was outside of the specified range in the QAPP 
or SAP. 

“c” indicates that the relative percent difference (RPD) between the sample and the 
duplicate is greater than 30%. 

“e” indicates that the %D between the sample result and the serial dilution exceeded 
10%.

“f” indicates that the MS failed and the serial dilution passed. 

Manual calculations using rounded results from the Data Summary Report or result calculation 
forms may differ slightly from the actual results derived from the raw data. 
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3.1 SAMPLE DIGESTIONS 

3.1.1 Radiochemistry Strong Acid Digestion 

Strong acid digestions with a hot plate for the heat source were performed using a mixture of 
concentrated nitric and hydrochloric acids. For each digest, approximately 10 grams of sample 
were digested, filtered, and diluted to a final volume of 100 or 125 mL. This digestion was used 
for all radiochemical analyses except tritium, 14C, and 129I. This digestion is a leach of the acid 
soluble species only. 

3.1.2 SW846-3050B - Acid Digestion-Heating Block 

This acid digestion follows SW846-3050B using a heating block and nitric and hydrochloric 
acids. Approximately 0.25 g of sample was digested. All heating-block digestions were filtered 
and diluted to a final volume of 50 mL. In soil, this digestion is a leach of the acid soluble 
species only. This digestion was used for all inductively coupled plasma/mass spectrometry 
(ICP/MS) and inductively coupled plasma/atomic emission spectroscopy (ICP/AES) analyses 
except for 99Tc and isotopic tin (117Sn and 126Sn) analysis. The digestion is modified for the 99Tc
analysis by using only nitric acid. This is done to eliminate the possibility of the formation a 
zinc-chlorine ion pair of mass 99. The laboratory believes this ion, when present, is responsible 
for low level false positives. 

3.1.3 Water Digestion 

A water digestion or leach was prepared for the anions by ion chromatography, 14C, and tritium 
analyses using approximately 0.25 to 4 g of sample diluted to 25 mL. Sonification was used, and 
the leachate was then filtered. In soil, this digestion is a leach of the water soluble species only. 

3.2 INORGANIC ANALYSES

3.2.1 Cyanide

The cyanide analysis was performed on direct subsamples of the liner composite samples. All 
analyses met the SW846 holding time of 14 days except for sample B1YT71 (S09V000171). The 
holding time was missed due to the need for reanalysis, which was caused by quality control 
(QC) failures during the first analysis. The sample was initially analyzed within the holding time, 
but the final analysis, which passed all QC requirements, was 1 day past the holding. The sample 
result was the same for both analyses. The laboratory believes there was no effect on the final 
result from this missed holding time. There was no required reporting limit in the SAP for 
cyanide. The target detection limit was 0.5 �g/g, which is at least an order of magnitude lower 
than the current laboratory method (lachet micro-distillation) can reach.

3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples. All analysis 
met the SW846 holding time of 7 days except for samples B1YT92 (S09V000382), B1YTH1 
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(S09V000626), and B1YTH3 (S09V000642). The first holding time was missed due to the lack 
of analytical personnel resources. The other two missed holding times were caused by the 
inability of the analytical personnel to access the laboratory due the lack of facility support, 
which is beyond the control of analytical personnel and their management. There was no 
required reporting limit in the SAP for sulfide. The target detection limit was 5 �g/g. Three 
sample results had adjusted MDLs of 5 �g/g. The rest were between 6��g/g and 8 �g/g.

Batches 13951, 13952, 14332, 14517, 14598, and 14778: There were no notable issues with 
these batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14184: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 36%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14354: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 32%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

3.2.3 pH Analysis 

The pH analysis was performed on the liner composite samples. These analyses met all QC 
requirements in the FSAP, SAP, and QAPP. The FSAP lists a pH holding time requirement of 
“as soon as possible.” All pH measurements were taken immediately after the water leach was 
performed, but the sampling to analysis date varied from 2 to 20 days (see Attachment 3). There 
is no correlation between pH results and days to analysis, and the results fall within an expected 
range for alkaline soils. This indicates that the large variation in time has no apparent effect on 
the results. However, the client’s expectation was that analysis would be performed within 
14 days. For future projects, the analysis will be performed in less time. 

3.2.4 Mercury

Analysis for mercury was performed on digested subsamples of the liner composite samples. All 
results met the QC requirements in the FSAP, SAP, and QAPP. All analyses met the holding 
time of 28 days, except for samples B1YT80 (S09V000174), B1YT83 (S09V000175), and 
B1YT98 (S09V000392). This was apparently the result of an oversight error by the analytical 
staff. The laboratory is working on improvements in holding time expiration tracking. 

This analysis met the required and target detection limits except for three samples: B1YT71 
(S09V000171), B1YT74 (S09V000172), and B1YT77 (S09V000173). These sample results met 
the target detection limit of 0.2 mg/Kg but were twice the required detection limit of 
0.01 mg/Kg. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for NH4
+ was performed using a distillation preparation of the liner composite samples. 

The SAP lists an administrative holding time of 7 days. The laboratory believes that after 
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distillation and preservation, the holding is 28 days based on EPA drinking water and waste 
water holding times for preserved samples. There is no regulatory holding time limit 
promulgated for ammonium in soil. Four samples were analyzed outside of the administrative 
7-day holding time: B1YT71 (S09V000219), B1YT92 (S09V000425), B1YTH1 (S09V000632), 
and B1YTH3 (S09V000648). This was apparently the result of an oversight error by the 
analytical staff. The laboratory is working on improvements in holding time expiration tracking. 
These analyses met the target detection limit listed in the SAP. There was no required reporting 
limit in the SAP or FSAP for ammonium. 

Batches 14073, 14226, 14237, and 14498: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14301: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample, a “B” flag has been applied to the 
associated results. Since both the sample and the blank results were below the quantitation limit, 
reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were met for 
this batch. 

Batch 14710: Samples B1YTF4 (S09V000599) and B1YTF4 (S09V000615) were analyzed with 
an LCS and MS, which used a standard that was 2 days past the expiration date. Since the 
recoveries of the expired standards were within 95% to 100% of the expected value, and the 
analytical batch contained other valid standards with acceptable recoveries, it is the laboratory’s 
opinion that the data quality was not affected. Therefore, no reanalysis was requested. One of the 
two preparation blanks contained in this analytical batch had an ammonium result slightly above 
the MDL. Since the associated samples were non-detect, there is no effect on the data. All QC 
requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14840: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since the blank result was below the quantitation limit, reanalysis was 
not required. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14659: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since both the sample and the blank results were below the quantitation 
limit, reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were 
met for this batch. 

3.2.6 Ion Chromatography – Anions and Small Organic Acids 

Ion chromatography analysis was performed on a water digest of subsamples from all soil 
composite samples except for B20XV5. This was due to insufficient sample volume. This 
sample was the 6-ft. to 8-ft. interval from core hole C6402, which was a retake of the same 
interval in core hole C6404. The laboratory met all the required and target detection limits. All 
analyses were within the applicable holding time. All sample spikes used in this analysis are post 
digestion spikes. Current laboratory procedures and practice were developed for the analysis of 
concentrated waste, which typically does not include the use of predigestion spikes for this 
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analysis. The laboratory will change to predigestion spike for future projects. In general, these 
samples experienced multiple RPD failures in every batch. All samples were reanalyzed and 
little improvement was seen. Other analyses also experienced high RPDs. The exact cause of the 
IC failures is unknown at this time, but it is matrix related. The “c” has been applied to all 
samples in the batch, not just the sample used for the duplicate analysis. 

Batch 16700: Nitrite and nitrate were present in the preparation blank at levels below the 
quantitation limit; therefore, reanalysis was not required. Sample results have been flagged with 
“B” when appropriate. The RPD for formate and oxalate exceeded the required 30%. However, 
since the results for these analytes were below the quantitation limit, the criterion does not apply. 
The RPD for fluoride, acetate, sulfate, nitrate, and phosphate exceeded the 30% requirement, and 
results were all above the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16701: The preparation blank result for chloride was above the MDL but less than the 
quantitation limit. Therefore, the data quality was not affected and reanalysis was not required. 
The samples were “B” flagged as appropriate. The closing continuing calibration blank (CCB) 
result for formate was above the MDL but less than the quantitation limit. Therefore, the data 
quality was not affected and reanalysis was not required. The samples were “B” flagged as 
appropriate. The RPD for nitrite and oxalate exceeded the required 30%. However, since the 
results for these analytes were below the quantitation limit, the criterion does not apply. The 
RPD for sulfate, nitrate, and chloride exceeded the 30% requirement, and results were all above 
the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16744: The RPD for acetate exceeded the required 30%. Since the result for this analyte 
was below the quantitation limit, the criterion does not apply. The RPD for nitrite exceeded the 
30% requirement, and all results were above the quantitation limit. The sample results have been 
flagged with a “c.”  

Batch 17027: The RPD for oxalate and formate exceeded the required 30%. Since the result for 
these analytes were below the quantitation limit, the criterion does not apply. The RPD for 
acetate, nitrate, nitrite, and sulfate exceeded the 30% requirement, and results were all above the 
quantitation limit. The sample results have been flagged with a “c.”

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectroscopy 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples. In general, the ICP/AES analysis experienced repeated failures for the duplicate RPDs, 
serial dilutions, and matrix spike recoveries. The laboratory believes these failures are due to 
interferences from high levels of iron and aluminum, and sample inhomogeneity. This is 
supported by the fact that there were no post digestion spike failures. The interference from the 
iron and aluminum appeared to cause signal suppression in most cases. The impact of this 
interference could be reduced by reanalyzing the samples using smaller aliquots or greater 
dilution, but this would cause some primary elements to be reported as estimated or non-detected 
above the required detection limits. This was discussed with the client, who agreed that 
reanalysis would not improve the overall analytical results (see Attachment 5). Additionally, it 
was noted that some of the secondary analytes experienced LCS failures and that reanalysis was 
not required for secondary elements. In particular, the digestion method used, which was an acid 
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leach, does not produce consistent results for silicon. The amount of silicon leached from a 
highly siliceous material, like soil, is not consistent when using an acid leach. Also, the LCS 
recoveries are somewhat variable and may be related to the concentration and types of acid used. 
Silicon is not listed with other elements in SW846-3050B, section 1.1, under “Scope and 
Application” for the method. 

The ICP/AES analysis was unable to obtain the required detection limit for antimony, arsenic, 
cadmium, lead, nickel, selenium, silver, thallium, and vanadium. These elements have been 
reported from separate ICP/MS analyses. Additionally, some chromium and cobalt results were 
from these same ICP/MS analyses. Total uranium has been reported by the ICP/AES analysis but 
did not meet the required detection limits in the FSAP. Since the isotopic uranium analysis by 
ICP/MS met the required detection limit for 238U, the overall data usability was not affected. For 
all other metals reported by ICP/AES, all target and required detection limits were met or the 
results were above the quantitation limit, with the exception of one sample. Sample B1YT71 
from core C6392 failed to meet the required detection limit for molybdenum and the target 
detection limits for beryllium, copper, and molybdenum.  

Batch 15041: The low level standard (LLS) for potassium failed low at 69%. This indicates that 
results near the LLS could be biased low. Since all potassium results were near the mid-range of 
the calibration, the data was not affected by the low LLS recovery. The MS recoveries for 
aluminum, calcium, and iron failed to meet the FSAP criterion. Since the sample concentrations 
of these analytes exceeded four times the spike level, the MS recovery criterion does not apply. 
The MS recovery for silicon exceeded the ±25% criterion in the SAP and FSAP at 311%. The 
laboratory believes that the failure is due to the inconsistent leaching of silicon discussed 
previously. The associated sample results have been flagged with a “b.” 

Batch 16002: The MS recoveries for aluminum, calcium, iron, and magnesium failed to meet the 
FSAP criterion. Since the sample concentrations of these analytes exceeded four times the spike 
level, the MS recovery criterion does not apply. The MS recovery for sodium, tantalum, 
titanium, and potassium exceeded the ±25% criterion in the SAP and FSAP, and the results have 
been flagged with a “b.” The laboratory believes this is a result of matrix interference due to the 
high levels of other elements in these samples and sample inhomogeneity. This was discussed 
with the client (see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for 
tantalum was less than 1%. The laboratory believes this was due to an issue with the standard. 
Since tantalum is not a required analyte, reanalysis was not required. Zinc was detected in the 
preparation blank above the MDL but less than the quantitation limit. Since the result was less 
than 5% of the sample result, the data quality was not affected. 

Batch 16229: Calcium was present in the preparation blank but was less than 5% of the lowest 
sample result. The MS recoveries for aluminum, calcium, iron, silicon, titanium, and magnesium 
failed to meet the FSAP criterion. Since the sample concentrations of these analytes exceeded 
four times the spike level, the MS recovery criterion does not apply. The serial dilution for 
manganese and sodium failed the 10% requirement at 19% and 12%, respectively. The results 
have been flagged with an “e.” This could indicate that the parent sample result is biased low due 
to matrix interference. 
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Batch 16778: The ICV standard recovery for rubidium was outside the 90% to 110% criterion at 
112%. The sample results have been flagged with an “X.” Reanalysis was not required since 
rubidium is a secondary analyte. The results for palladium and rubidium in the CCBs and initial 
calibration standard (ICB) were above MDL but below the quantitation limits. A “B” flag was 
applied since the blank result was greater than 5% of the sample results. Reanalysis was not 
required because all results (blank and samples) were below the quantitation limit. The LLS for 
rubidium, potassium, and palladium exceeded the 130% recovery criterion at 237%, 134%, and 
137%, respectively. The palladium and rubidium results should be considered biased high. Since 
these are secondary analytes, reanalysis is not required. All potassium results are above the ICV 
and CCV level. Therefore, the slightly high recovery of the LLS does not impact the data quality. 
The LCS for silicon failed low at 52%. Silicon results should be considered biased low and are 
flagged with an “a.” The preparation blank results for calcium and zinc were above the MDL but 
below the quantitation limit and less than 5% of the sample result. Therefore, the sample results 
were not affected. The duplicate RPD for praseodymium exceeded the 30% requirement in the 
SAP and FSAP. Since the sample result was below the quantitation limit, this criterion does not 
apply. The MS recoveries for aluminum, calcium, iron, and magnesium were outside the ±25% 
requirement in the SAPs. However, since the sample results for these elements were more than 
four times the spike level, the criterion does not apply. The MS recoveries for sodium, 
potassium, rubidium, silicon, and titanium were outside the 75% to 125% requirement, so all 
associated sample results have been flagged with a “b.” The laboratory believes this is a result of 
matrix interference due to the high levels of other elements in these samples. The %D for the 
serial dilutions exceeded 10% for magnesium, phosphorous, silicon, and titanium. The laboratory 
believes this is a result of matrix interference due to the high levels of other elements in these 
samples. An “e” flag has been applied to these results. Since the post digestion spike passed, the 
serial dilution was not required, nor was reanalysis. However, these results do indicate matrix 
interference. 

Batch 16822: The mid batch CCB result for praseodymium was above the MDL but below the 
quantitation limit. All associated sample results were less than 20 times the CCB result and were 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. The initial calibration blank result for iron was above the MDL but 
less than the quantitation limit and much less than 5% of the sample results; therefore, the data 
quality was not affected. The LCS failed low for silicon and tungsten; since these were 
secondary analytes, reanalysis was not required. The affected sample results have been flagged 
with an “a.” The duplicate RPD for cerium, cobalt, europium, sulfur, and praseodymium 
exceeded the required 30%. Since the results were below the quantitation limit, this criterion 
does apply. The duplicate RPD for aluminum, calcium, copper, iron, magnesium, manganese, 
sodium, neodymium, phosphorous, strontium, titanium, yttrium, and zinc exceeded the 30% 
criterion, and the associated samples have been flagged with “c.” The laboratory believes that 
this particular failure is due to sample inhomogeneity. The serial dilution for silicon, magnesium, 
calcium, iron, and manganese exceeded the required 10% criterion. Since the post digestion 
spike passed, the serial dilution was not required, nor was reanalysis. However, these results do 
indicate matrix interference. The MS recovery for aluminum, calcium, iron, and magnesium 
exceeded the 30% requirement in the SAP and FSAP. Since the sample results were more than 
four times the spike concentration, this criterion does not apply. The MS recovery for 
phosphorous, potassium, sodium, and tungsten exceeded the 30% requirement in the SAP and 
FSAP. The laboratory believes this is a result of matrix interference due to the high levels of 

Page 148 of 732



other elements in these samples and sample inhomogeneity. This was discussed with the client 
(see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for cerium was 
less than 1%. The laboratory believes this was due to an issue with the standard. Since cerium is 
not a required analyte, reanalysis was not required. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy

The ICP/MS actinide analysis was performed on the SW846-3050 acid digestion of all liner 
composite samples. The ICP/MS 126Sn and 99Tc analysis was performed on the same digest, 
without the addition of the hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis 
because of the potential formation of a ZnCl ion pair with mass 99. 

Direct calibration, where a standard containing the isotope and element of interest is used to 
calibrate the response of the isotope, is the most accurate type of calibration. Standard material is 
not available for all the isotopes of interest. Those isotopes without available standards are 
calibrated using the instrument’s mass-response curve that is generated by using the 
intensity/concentration relationship for the available isotope standards. While the isotope results 
calibrated in this manner are designated “semi-quantitative” in the procedure, the differences in 
instrument response along the curve are generally small enough across the actinide mass range 
such that the results generated might be expected to be within similar uncertainties associated 
with quantitative results (i.e., those obtained directly against an isotope-specific standard). 

A similar approach is used to evaluate the recoveries of calibration checks, standards, and spikes. 
Just as all of the elemental isotopes of interest are not available for calibration, they are also not 
available for the various QC samples. Because the chemical properties of an element are the 
same for all of its isotopes, one elemental isotope can be used as a measure for other isotopes of 
interest. For example, by measuring the recovery of 238U in the various QC samples, the accuracy 
of the other uranium isotopes also can be evaluated. Table 1 lists the isotopes used for standards 
and spike samples for ICP-MS analyses. A response curve is derived using the slopes of the 
calibration lines of the available isotope standards. Slopes for the isotopes without available 
standards are then derived from the response curve, and results are calculated using the derived 
slopes. 

Table 1. Inductively Coupled Plasma-Mass Spectroscopy Standards and Spikes.

Standard Type Analytes Analyzed 
Initial calibration verification (nondigested) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Acid digest standard (laboratory control standard) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Predigest spike (MS) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Post-digest spike 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
No standard or spike of either type 126Sn, 230Th, 233U, 234U, 236U,

3.2.8.1 Technetium-99 and Tin-126 
The required detection limit listed in the SAP for 99Tc was met. The target detection limit for 
99Tc was not met. There were no required or target detection limits for 126Sn listed in the SAP. 
The FSAP lists a holding time of isotopic analytes as 6 months. All samples were initially 
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analyzed within the holding time. However, due to a required reanalysis, nine samples exceeded 
the holding time. The reanalysis was delayed by instrument repair, failure of the chemist review 
to recognize the need for reanalysis, and delayed third level review by the project manager. 
Additionally, Washington River Projection System’s management set the analytical priority of 
C Farm analysis behind other projects. Since the analytical results did not significantly change 
from the initial to the final analysis, the laboratory does not believe these exceedances affected 
the final results.

Batches 16639, 16734, and 16982: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16341: The preparation blank contained 117Sn below the quantitation limit. However, all 
samples in the batch were nondetect for 117Sn, so the data was not affected. The LCS for 117Sn
exceeded the required 120% at 141% and the associated results have been flagged with an “a.” 
This could indicate a high bias for these results. However, since the results for all samples were 
below the MDL, the data was not affected. The MS for 117Sn met the recovery requirements, 
demonstrating preparation batch accuracy to some degree. 

Batch 16865: The mid-run CCB contained 99Tc below the quantitation limit. All field samples in 
this batch demonstrated results below the MDL; therefore, the data was not affected. 

Batch 16970: All blanks contained a low level of 126Sn, and the preparation blank contained a 
low level of 126Sn and 99Tc. Since neither 126Sn or 99Tc were detected in the samples, the data 
quality was not affected and reanalysis was not required. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes and in all samples. The FSAP 
lists the holding time for isotopic analytes as 6 months. All samples were initially analyzed 
within the holding time. However, due to a required reanalysis, 11 samples exceeded the holding 
time. The reanalysis was delayed by instrument repair, failure of the chemist review to recognize 
the need for reanalysis, and a delayed third level review by the project manager. Additionally, 
Washington River Projection System’s management set the analytical priority of C Farm analysis 
behind other projects. Since the analytical results did not significantly change from the initial to 
the final analysis, the laboratory does not believe these exceedances affected the final results. 

Batch 15672: Neptunium-237 was detected in the mid-run CCB below the quantitation level. All 
affected samples have a similar result and have been flagged with a “B.” Since all 237Np results 
were below the quantitation level, reanalysis is not required. All blanks (CCB and preparation 
blanks) contained 232Th below the quantitation level and were less than 5% of the sample results. 
Therefore, the results were not affected and reanalysis was not required. The LLS for 235U was 
recovered above the 130% requirement at 131%. Since the lowest sample result was more than 
10 times the LLS level, the results were not affected. The RPD for 237Np exceeded the 30% 
requirement at 47%. Since the results were below the quantitation limit, this criterion does not 
apply. The closing CCB result for 238U was above the MDL but below the quantitation limit and 
less than 5% of the sample results; therefore, reanalysis was not required. 

Batch 16171: The preparation blank result for 235U was below the quantitation limit but less than 
5% of the lowest sample result. Therefore, no reanalysis was required and the data quality was 
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not affected. The preparation blank result for 232Th was above the quantitation limit but less than 
5% for the sample result; therefore, reanalysis was not required and the data quality was not 
affected. The preparation blank contained 238U above the quantitation level and was greater than 
5% of three of the sample results. However, since the sample results were below the TDL and 
above the quantitation limit, the client gave permission to report the data with a “B” qualifier 
(see Attachment 5). The ending LLS for 235U exceeded the 130% requirement at 133%. This 
could indicate a high bias for 235U results near the LLS level. However, the lowest sample result 
for 235U was approximately 80 times the LLS level and the data quality was not affected. 

Batch 16595: The preparation blank contained 238U and 235U above the quantitation level and 
was greater than 5% of all of the sample results in this batch. Since the sample results were 
above the quantitation level but below the TDL, the client gave permission to report the data 
with a “B” qualifier and narration of the issue (see Attachment 5). The preparation blank result 
for 233U was below the quantitation limit and greater than 5% of the sample results. Since both 
the sample results and the blank result were below the quantitation level, reanalysis was not 
required. The associated results have been flagged with a “B.” The preparation blank result for 
232Th was above the quantitation limit but less than 5% of the sample results; therefore, 
reanalysis was not required and the data quality was not affected. The ICB and CCBs contained 
232Th below the quantitation limit, which had no effect on the data quality. The RPD for 234U
exceeded the 30% requirement at 38%; since the sample result was below the quantitation limit, 
this criterion does not apply. 

Batch 17023: The closing LLS exceeded the 130% criterion for 232Th at 164%. However, all 
results were near the CCV level, which is 200 times the LLS. Therefore, the data quality was not 
affected. The RPD for 234U and 238U exceeded the 30% requirement; since the sample result was 
below the quantitation limit, this criterion does not apply. 

Batch 17024: The first CCB contained 235U at a level equal to the MDL; since it was below the 
quantitation limit, the data quality was not affected. The initial LLS exceeded the 130% for 232Th
criterion at 164%. However, all results were near the CCV, which is 200 times the LLS, and 
therefore, there was no effect on the data quality. The RPD for 234U exceeded the 30% 
requirement; since the sample result was below the quantitation limit, this criterion does not 
apply.

3.2.8.3 Trace Metals 
Antimony, arsenic, cadmium, lead, nickel, selenium, silver, thallium, and vanadium were 
analyzed by ICP/MS to obtain the required detection limits in the SAP. Additionally, some 
chromium and cobalt results were used from the ICP/MS analyses. Except for the required 
detection limit for selenium, all target and required detection limits were met or the sample 
results were above the quantitation limit and the sample detection limit criteria do not apply. The 
target detection limit for selenium was approximately an order of magnitude below the detection 
limit obtained by using ICP/MS. The laboratory does not anticipate reaching this detection limit 
for future projects. The FSAP lists the holding time of isotopic analytes as 6 months. All samples 
were initially analyzed within the holding time using ICP/AES. However, due to a required 
reanalysis, 23 samples exceeded this holding time. The reanalysis was delayed by instrument 
repair, failure of the chemist review to recognize the need for reanalysis, and a delayed third 
level review by the project manager. Additionally, Washington River Projection System’s 
management set the analytical priority of C Farm analysis behind other projects. Since the 
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analytes with results that could be compared (chromium, cobalt, nickel, and vanadium) did not 
significantly change from the initial ICP/AES to the final ICP/MS analysis, the laboratory does 
not believe these exceedances affected the final results. 

SW846-6020A requires that an interference check standard be used to determine possible 
isobaric or polyatomic ion interferences. The current laboratory procedure does not require the 
use of this standard, and it was not included in these analyses. However, interferences were 
mitigated by the use of the collision cell, or gas mode, of the instrument. This was used for 
arsenic and vanadium to mitigate chloride interference. Since the blank result for these elements 
were below the MDL, the mitigation appears to have been successful. The laboratory plans to 
use the required interference check standard for future projects. 

Batch 16927: The initial LLS recovered Cr at 152%. Since all chromium results were above the 
ICV/CCV level, the high recovery of the LLS does not affect data quality for chromium. The 
selenium recoveries for the LLS were outside the 70% to 130% requirement in SW846 at 167% 
for the initial LLS and 36% for the final LLS. The selenium concentration selected for the LLS 
was only slightly above the MDL and was determined to be too low. Some of the subsequent 
analyses used a more appropriate LLS level of selenium. The preparation blank contained silver, 
cadmium, thallium, and nickel above their MDLs but below the quantitation limits. All sample 
results, except for nickel, have been flagged with a “B” because the blank result was greater than 
5% of the sample results. Reanalysis was not required because the blank results were below the 
quantitation limits.

Batch 16990: The preparation blank and mid-run CCB results for thallium were above the MDL 
but less than the quantitation limit. Since the blank result was greater than 5% of all sample 
results, a “B” flag has been applied. Reanalysis was not required since the blank result was 
below the quantitation limit.

Batch 17021: The closing LLS for selenium was recovered at 202%. Since all sample results for 
selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for the LLS was at the MDL and was determined to be too low. Some of the subsequent 
batches used a more appropriate LLS concentration of selenium. The preparation blank result for 
selenium was above the MDL. However, since all sample results were below the MDL, the data 
quality was not affected. The closing CCV for silver was below the required 90% at 89.3%. This 
CCV bracketed only QC samples, all of which met requirements. Therefore, reanalysis was 
deemed unnecessary. The duplicate RPD for nickel exceeded the 30% requirement at 45%, and 
the associated results have been flagged with a “c.” The laboratory believes this is due to sample 
inhomogeneity, and with client agreement, reanalysis was not performed (see Attachment 5). 

Batch 17062: The LLS recoveries for selenium were 213% and 220%. Since all sample results 
for selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for this LLS, though higher than previously used, was determined to be too low. 
Subsequent analyses used a more appropriate LLS concentration of selenium. The preparation 
blank and closing CCB results for selenium were above the MDL. However, since all sample 
results were below the MDL, the data quality was not affected. The duplicate RPD for cadmium 
exceeded the 30% requirement at 33%. Since the sample result was below the quantitation level, 
this criterion does not apply. The duplicate RPD for lead, thallium, and vanadium exceeded the 
30% requirement at 47%, 59%, and 44%, respectively, and the associated results have been 
flagged with a “c.” Based on ICP/AES and other analyses, the laboratory believes this is due to 
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sample inhomogeneity and, with client agreement, no reanalysis was performed (see 
Attachment 5). 

Batch 17063: The preparation blank result for thallium was above the MDL but less than the 
quantitation limit. Since the blank result was greater than 5% of all sample results, a “B” flag has 
been applied. Reanalysis was not required since the blank result was below the quantitation limit.
The duplicate RPD for thallium exceeded the 30% requirement at 32%. Since the sample result 
was below the quantitation level, this criterion does not apply. 

Batch 17222: The preparation blank result for selenium was above the MDL. However, since all 
sample results were below the MDL, the data quality was not affected. 

Batch 17230: The post digestion spike failed low at 42% for selenium. However, since the MS 
met the required recovery criteria at 102%, a post digestion spike is not required (per SW846). It 
should be noted that the raw sample result was negative, indicating a matrix interference. This 
may be the cause of the low post digestion spike recovery. The spike level for the MS is higher 
than the post digestion spike and possibly negated the interference. 

Batch 17234: There were no notable issues with this batch; all QC requirements in the FSAP, 
SAP, and the QAPP were met. 

3.3 RADIOCHEMICAL ANALYSIS 
The holding time listed in the FSAP for radioactive isotopes is 6 months. SW846 does not 
address holding times for these analytes. All radiochemical analyses met the 6-month holding 
time. Holding time tables for these analytes have not been included in Attachment 2. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples. Sample B1YT98 was inadvertently analyzed twice. The sample with the 
highest 137Cs result (S09V000473) has been reported in Attachment 1. The other analysis results 
and raw data are contained in Appendix 2. The GEA analysis met all the required detection 
limits in the SAP. The laboratory was unable to meet any of the target detection limits. 

Batches 13909, 15005, 15098, 15100, and 15511: There were no notable issues with these 
batches, and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batches 15099: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the client indicated (see Attachment 5) the FSAP and SAP only requires one field 
duplicate per core hole. Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-90/89

Strontium-90/89 analysis was performed on a strong acid digest of all liner composite samples. 
Fifteen of the sample analyses met the required detection limit of 2.3 pCi/g listed in the FSAP or 
had results above the quantitation limit. Of the remaining ten samples, all but one achieved a 
detection limit between 2.3 pCi/g and 4.2 pCi/g. No detection limit exceeded the lowest action 
limit of 23 pCi/g in Table 5.2 of the SAP.
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Batches 16420, 16466, and 16485: There were no notable QC issues with these batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16482: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting error of 117%. All samples, except one, had results below the MDA. The 
sample result above the MDA was below the quantitation limit and has been flagged with a “B.” 
Because the result of the blank and the sample were below the quantitation limit, reanalysis was 
not performed. 

Batch 16610: The RPD between the sample and duplicate was 116%. The original digestates 
were reanalyzed with similar results. There was insufficient sample to perform a second 
preparation of the sample. A “c” flag has been applied to all samples in the batch. 

Batch 16776: The blank result displayed in Attachment 1 for sample S09V000509 
(<2.7E-6 �Ci/g), is different from that in the batch report (<1.95E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16776) while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which has now been analyzed twice. Currently, the Data Summary Report (Attachment 1) 
reports only one blank result; it is from the original batch. Additional programming is required to 
change this. The two blank results are essentially the same. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples. This method 
only measured the tritium in the samples which can be dissolved in water. This analysis achieved 
the required detection limit in the FSAP but could not meet the target detection limit. There were 
no notable issues with any of the tritium batches, and all QC requirements in the FSAP, SAP, 
and the QAPP were met. 

3.3.4 Selenium-79

The 79Se analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the target detection limit in the FSAP. No required detection limit was listed. 
No standard is currently available for 79Se. A cold carrier is used to monitor recovery and is 
measured gravimetrically. 

Batches 16105 and 16145: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batches 16188, 16194, and 16259: The preparation blanks for these batches demonstrated 
positive results below the quantitation limit, as did many of the samples. All results had very 
large counting errors and were below the target detection limit. Because of these factors, 
reanalysis was not required. The associated results have been flagged with a “B.” 

Batch 16409: The blank results displayed in Attachment 1 for sample S09V000509 
(<1.51E-6 �Ci/g) and S09V000666 (5.23E-6 �Ci/g) are different from that in the batch report 
(<2.2E-6 �Ci/g). This resulted from these samples being rejected and reanalyzed in a new batch 
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(16409), while the remaining samples in the original batch were reported from the original batch. 
Both batches share the same preparation blank, which has now been analyzed twice. The current 
Data Summary Report (Attachment 1) reports only one blank result; it is from the original batch. 
Additional programming is required to change this. The two blank results are essentially the 
same. Even though the original blank result for sample S09V000666 was positive, it had a 
counting uncertainty of 185%. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples. The 10-ft. to 
12-ft. interval from core hole C6404 did not retrieve sufficient liner material to produce a sample 
for this analysis. The analysis achieved the required detection limit in the FSAP but exceeded the 
target detection limit. This analysis will only detect water soluble forms of 14C. There were no 
notable issues with the batches, and all QC requirements in the FSAP, SAP, and the QAPP were 
met. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the required detection limit in the FSAP but exceeded the target detection limit 
of 30 pCi/g. Most samples had detection limits of between 50 pCi/g and 100 pCi/g.  

Batches 15697, 16267, 16282, and 16392: There were no notable issues with these 63Ni batches, 
and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16240: The preparation blank had a positive result slightly above the MDA with a 
counting error of 412%. All samples, except one, had results below the MDA. The sample result 
above the MDA was below the quantitation limit and has been flagged with a “B.” Because the 
results for the blank and the sample were below the quantitation limit, reanalysis was not 
performed. 

Batch 16551: The blank result displayed in Attachment 1 for sample S09V000509 
(<5.65E-5 �Ci/g) is different from that in the batch report (<4.98E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16551), while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which was analyzed twice. The current Data Summary Report (Attachment 1) reports only 
one blank result; it is from the original batch. Additional programming is required to change this. 
The two blank results are essentially the same. 

3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite 
samples. The required and target detection limits in the SAP were met.  

Batches 16203, 16246, and 16307: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16468: The preparation blank result was above the quantitation limit but below the target 
detection limit. The customer contact agreed (see Attachment 5) that since the result was below 
the target detection limit, reanalysis was unnecessary. One of the samples in this batch had a 
result above the quantitation limit but below the target detection limit. This result has been 
flagged with a “B.” The remaining sample results were nondetect. 

Batch 16496: The preparation blank result was above the quantitation limit but below the target 
detection. Since the sample results were all nondetect, reanalysis was not required. 

3.3.8 Americium-241, Curium-243/244, and Curium-242

Analysis for 241Am, 243/244Cm, and 242Cm was performed on a strong acid digest of all liner 
composite samples. For this analysis, there were no notable issues with any batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. The required detection limit in the 
SAP was met, and all but three samples met the target detection limit. 

3.3.9 Plutonium-238 and Plutonium-239/240 

Plutonium isotopic (238Pu and 239/240Pu) analysis was performed on a strong acid digest of all 
liner composite samples. For this analysis, there were no notable issues with any batches and all 
QC requirements in the FSAP, SAP, and the QAPP were met. The required and target detection 
limits in the SAP were met  

3.4 ORGANIC ANALYSES 

3.4.1 Volatile Organic Analysis 

The VOA was performed on all field samples by purge and trap. Field sampling, sample 
containers, and preservation followed SW846-5035. The soil samples were delivered in a 
freezer, in pre-weighed VOA vials with magnetic stir bars and approximately 5 g of sample. 
After receipt, the VOA samples were stored in a freezer. For each sample interval, an additional 
high level sample preserved in methanol was also received. These were not used because none of 
the results for the frozen samples were above the calibration range. The exact weight of the 
sample and the tare weight of the VOA vials were recorded by sampling personnel and delivered 
with the samples. Four liquid trip blank samples were also received and analyzed. The samples 
were preserved with either HCl or H2SO4 to a pH < 2. 

The holding time for all samples is 14 days. All samples but two meet the required holding time. 
Sample B1YTB2 (S09V000410), a soil sample, exceeded the holding time requirement by 
2 days. This was caused by a lack of facility resources (radiological control technicians), which 
was beyond the control of the analytical staff contractor at 222-S. The facility operator is 
addressing the issue by hiring additional facility support staff. Sample B1YY24 (S09V000493), a 
trip blank, was analyzed 1 day beyond the required holding time. This was due to an oversight by 
222-S analytical personnel. The laboratory believes that the affect of the holding time 
exceedance on sample results is minimal. A study by the Department of Energy and others have 
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shown that exceedances of less than 2 weeks produce no statistical difference and only a few 
compounds are affected for up to 6 weeks (see Reference Section). 

The VOA analysis met the target and required detection limits in the SAP with the following 
exceptions: for 2-nitropropane, one sample was slightly above the target detection limit; for 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, m,p-xylene, o-xylene, and TCE, two samples 
were slightly above the target detection limits. These detection limit exceedances were caused by 
a less than 5 g aliquot in the VOA vial. The laboratory cannot adjust the amount of sample when 
following SW846-5035 and must analyze them as received. 

Loss of Internal Standards, Spike Compounds, and Surrogates: During the VOA analysis of 
the C Farm soil samples, low recoveries of the internal standard and surrogates were frequently 
experienced. At times, the instrument produced no response at all for these monitoring 
compounds. The issue was extensively investigated and was isolated to only the C Farm soil 
samples. Liquid samples and laboratory prepared soil standards (using laboratory VOA vials and 
stir bars) were not affected. The C Farm soil samples were analyzed on different instruments, 
which eliminated instrumentation as the problem. The laboratory believes that this problem is 
related to the sample matrix and/or the oversized stir bars used by the client. Additionally, it was 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging. The problem was determined to be some type of blockage that impeded purge flow. The 
laboratory eventually developed a technique that provided improved results. This technique 
consisted of lightly shaking the VOA vial while monitoring purge flow with an in-line flow 
meter. The laboratory has requested that the client discontinue the use of the large stir bar and 
use different VOA vials.

The purpose of the internal standard is to compensate for fluctuation and drift in instrument 
response. The instrument responses for spikes, surrogates, or compounds found in the sample are 
adjusted base on their closest internal standard. A complete loss of internal standard undoubtedly 
invalidates the sample results. However, low internal standard recoveries do not necessarily 
mean that the data is unusable. SW846 only specifies minimum internal standard recovery 
requirements for the CCV, not the samples. While there are no regulatory limits for internal 
standard recoveries in a sample, there are practical limitations to the amount of fluctuation that 
can be tolerated before quantitation is affected. Typically that value is around the limits specified 
for the CCV (-50 to +100% drift). The further that the sample internal standards are from the 
established CCV limit, the more likely the quantitation is adversely affected. When internal 
standard recoveries fall outside these limits, surrogate recoveries may be used to evaluate any 
adverse effects on quantitation. On all samples exhibiting low internal standard responses, 
associated surrogate recoveries were evaluated to determine if the loss had significant effect on 
the reported results. Based on this evaluation, the laboratory believes that the VOA results 
contained in this report are useable. 

Samples and their associated MS and matrix spike duplicate (MSD) were initially analyzed 
together in a single analytical run. However, because of the frequent internal standard failures, 
many reanalyses were required. Due to the limited number of extra sample vials (five per 
sample), the reanalysis did not typically contain the original sample, MS, and MSD. 
Consequently, the analytical batches contained in this report have sample and associated QC 
results for different analytical runs, which were often on different days. The construction of 
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batches in this manner was necessary for the laboratory information management system to 
associate a sample and its MS/MSD pair. All information and data concerning the analysis and 
reanalysis are contained in the VOA section of Appendix B. 

The discussion below of the individual batches will not contain additional information 
concerning the low recoveries of internal standards. Detailed information for each sample is 
contained Appendix B.

Batch 14157: The method blank contained 1,2-dichloroethane and acetone below the estimated 
quantitation limit. Since the sample results were below the MDL for these compounds, reanalysis 
is not required. The LCS demonstrated a high recovery for acetone, 1-butanol, 2-butanone, and 
methyl isobutyl ketone (MIBK). Since these compounds were non-detect in the sample, 
reanalysis is not required. Sample results have been flagged with an “a.” 

Batch 14180: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15471: The RPD between the MS and MSD failed to meet the 30% requirement for 
acetone, 1-butanol, 2-butanone, and MIBK. Since the sample did not contain quantifiable 
amounts of these compounds, reanalysis was not necessary. However, the sample results were 
flagged with a “c” indicating a batch precision failure. The MS failed slightly high at 131% for 
2-butanone. Since this compound was not detected above the quantitation level, reanalysis was 
not required. The sample was flagged with a “b.” 

Batch 15472: The second method blank contained acetone below the estimated quantitation 
limit. Since the associated sample did not contain acetone above the estimated quantitation limit, 
reanalysis is not required. A “B” flag has been applied to the sample result. Toluene was present 
in the second method blank below the estimated quantitation limit. Since the associated sample 
results were below the MDL, the data was not affected. The first LCS demonstrated a high 
recovery for 1,1-dichloroethene, MIBK, acetone, and 2-butanone. Since these compounds were 
not detected in the samples above the estimated quantitation limit, reanalysis is not required. 
Sample results have been flagged with an “a.” The MS recovery for 1-butanol was above the 
30% requirement and a “b” flag has been added to the associated results. Since this compound 
was not detected in the associated samples, reanalysis was not required. The CCV %D exceeded 
the ±20% requirement for trichlorofluoromethane, 1,1-dichloroethene, carbon disulfide, acetone, 
and 2-butanone. All were above the expected value. Since all compounds were either not 
detected or below the estimated quantitation limit, the results were not affected and reanalysis 
not required. The CCV met the 15% average %D requirement. 

Batch 15474: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. The CCV for acetone 
exceeded the 20% %D requirement. Since the CCV was above the calibration amount and the 
sample was nondetect, reanalysis was not required. 

Batch 15476: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. 
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Batch 15477: The method blank contained acetone below the estimated quantitation limit. Since 
the associated samples did not contain acetone above the estimated quantitation limit, reanalysis 
is not required. All acetone results were slightly above the MDL and have been flagged with a 
“B.” The RPD between the MS and MSD exceeded the 30% requirement at 31% for 1-butanol. 
Since the samples were nondetect for this compound, reanalysis was not required. A “c” flag was 
added to the associated sample results. The CCV for acetone exceeded the 20% %D requirement. 
Since the CCV was above the calibration amount and the samples were below the estimated 
quantitation limit, reanalysis was not required.  

Batch 15479: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15491: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477.

Batch 15492: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477, and the MS/MSD for core 
hole C6402 is in batch 15471.

Batch 15493: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15503: The method blank contained acetone below the estimated quantitation limit. Since 
associated samples did not contain acetone above the estimated quantitation limit, reanalysis is 
not required. Two samples contained acetone at slightly above the MDL and have been flagged 
with a “B.” The method blank contained toluene below the estimated quantitation limit. Since 
associated samples did not contain toluene above the MDL, reanalysis was not required. 

Batch 15525: The CCV %D for 1-butanol was slightly high at 20.6%. Since the sample did not 
contain 1-butanol above the MDL, the result was not adversely affected. Since the client only 
required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. 
The MS/MSD for core hole C6404 is in batch 15674. 

Batch 15671: The CCV associated with the field samples and the MSD for sample B1TY75 
(S09V000125) had a %D of -23% for 1-butanol. This could indicate that positive results for 
1-butanol could be biased low. A laboratory-defined “Y” flag has been applied to these results. 
1-butanol was not detected in these samples. Additionally, the MSD was recovered at 90%, 
indicating that the low CCV had minimal affect on the results. The CCV associated with the 
MS/MSD for sample B1YT72 (S09V000124) and MS for sample B1YT75 (S09V000125) had a 
%D of -30% for 1-butanol. The recoveries for the field quality control samples were within the 
required 70% to 130%, indicating that the low CCV had minimal effect on the analysis results. 
The average %D was less than 15%, which meets the SW-846 requirement.
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Batch 15673: The CCV %D exceeded the 20% limit for acetone. Acetone was recovered above 
the expected calibration value. This could indicate a high bias for acetone sample results. Since 
the sample result for acetone was below the estimated quantitation limit, reanalysis was not 
required and the data was not affected. The method blank contained acetone and toluene below 
the estimated quantitation limit. The sample contained acetone below the estimated quantitation 
limit and was nondetect for toluene. Since all results (blank and sample) were below the 
estimated quantitation limit, reanalysis was not required. Since the client only required an 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6400 is in batch 15503. 

Batch 15674: The CCV had a %D at -21% for 1-butanol. This could indicate that positive results 
for 1-butanol could be biased low. A laboratory defined “Y” flag has been applied to these 
results. 1-butanol was not detected in these samples. The LCS and MS/MSD recoveries were 
within the required limits, indicating that the low CCV had minimal effect on the analysis 
results. The average %D was less than 15%, which meets the SW-846 requirement.

Batch15785: The LCS recoveries for 1-butanol, 2-butanone, MIBK, and acetone were above the 
required 130%. The sample did not contain these compounds above the MDL, so the results were 
not affected. The method blank contained toluene below the estimated quantitation limit. Since 
the associated sample did not contain toluene above the MDL, reanalysis was not required. The 
CCV %D for 1-butanol was slightly high at 20.1%. Since the sample did not contain 1-butanol 
above the MDL, the result was not adversely affected. Since the client only required and 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6404 is in batch 15674. The average %D was less than 15%, which 
meets the SW-846 requirement. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples except B20XV5 and B20XW3. These samples were not analyzed 
based on the client’s instructions. Each extract was analyzed twice using two separate calibration 
curves to provide calibrated results for all compounds listed in the FSAP and SAP. All holding 
times were met except for the extraction of sample B20XV9 (S09V000742). This was caused by 
failure to assign the test during log-in. 

Ten of the twenty-two samples contained a low level of bis (2-ethylhexyl) phthalate, which was 
not detected above the MDL in the method blanks. Additionally, low levels of 
di-n-butylphthalate were detected in four samples and was present in the method blank 
associated with two of the samples. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination could also be the 
source. If laboratory contamination is present, it will usually appear in the method blank. Due to 
the prevalence of low level phthalate contamination in the environment, it can be hard to 
determine the source of low level results. Equipment blanks can help isolate the source of 
phthalates, but no equipment blanks were analyzed with these samples. One possible source of 
phthalate could be the red plastic end caps used with the liners. It is the laboratory’s opinion that 
the use of these end caps should be discontinued. 
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The SVOA analysis met the required and target detection limits with two exceptions: 

� The adjusted MDLs for cyclohexanone were above the 0.5mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.5 mg/kg an 0.7 
mg/kg. The adjusted MDLs for di-n-butyl-phthalate were above the target detection limit 
of 0.33 mg/kg. The analysis achieved a detection limit of between 0.5 mg/kg and 0.7 
mg/kg for this compound. 

� LCS, MS, and MSD recoveries were compared against the laboratory’s statistical process 
control (SPC) limits, as required by SW-846. The use of SPC limits is allowed in the 
FSAP, SAP, and QAPP. 

Batches 14181, 14528, 14529, and 15811: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met.  

Batch 14169: The surrogate terphenyl-d14 was recovered below the laboratories SPC limits of 
75% to 175% at 62%. It is the laboratory’s opinion that this is not a particularly low recovery 
and the usability of the associated results was not affected. The SPC limits appear to be biased 
high. SPC limits are currently under review and will be updated. This bias is expected to be 
corrected. All other QC requirements were met. 

Batch 14527: Di-n-butylphthalate was detected in the method blank below the quantitation limit. 
However, the blank result exceeded 5% of the associated sample results. These results have been 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. No MS or MSD was analyzed with this batch. Since the client only 
required that an MS and MSD be analyzed once per core hole (see Attachment 5), this 
requirement was met in batch 14529. All other QC requirements were met. 

Batch 14580: For two samples, the surrogate terphenyl-d14 was recovered below the 
laboratory’s SPC limits of 75% to 175% at 64% and 58%. It is the laboratory’s opinion that this 
is not a particularly low recovery and the usability of the associated results was not affected. The 
SPC limits appear to be biased high. SPC limits are currently under review and will be updated. 
This bias is expected to be corrected. All other QC requirements were met. 

Batch 15509: All QC requirements were met. However, a large cyclohexene peak was detected 
during the second analysis of the samples. Since the TICs were reported from the 1st analysis 
only, this peak has not been reported. The laboratory believes that the cyclohexene was present 
in the methylene chloride used for the extraction. 

3.4.3 Tentatively Identified Compounds 

Unassigned peaks or TICs were treated as follows. Standards were obtained and analyzed for 
each secondary analyte identified in the SAP. This data was accumulated in the Hanford library. 
Following analysis, the largest TICs with instrument responses greater than 10% of the response 
of the nearest internal standard were evaluated and compared to the Hanford library. The 
estimated concentration of these TICs was calculated using measured response factors from the 
Hanford library compound list. 
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After comparison to the Hanford library, remaining unknowns were compared to the National 
Institute of Standards and Technology (NIST) 02, HP Mass Spectral (compound) Libraries. The 
estimated concentration of compounds identified from the NIST library was calculated based on 
an arbitrary response factor of 1.0. If the compounds were not identified as a result of this 
comparison, they were reported as “unknown.” Summaries of the SVOA and VOA TICs from 
the field samples and method blanks are provided in Attachment 4. TICs found in the field 
samples and which were present in the associated batch method blank have been flagged with 
“B.”

4.0 PROCEDURES

Table 2 lists the analytical procedures used for analysis of the C-Farm samples.  

Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

Cyanide LA-695-103, Rev. I-0, J-0 (SW-846 
9010C) 

LA-695-103, Rev. I-0, J-0 
(SW-846 9014) 

Sulfide LA-361-101, Rev. D-0 (SW-846 
9030B) 

LA-361-101, Rev. D-0 
(SW-846 9215) 

pH Direct LA-212-105, Rev. G-0 
(SW-846 9045D) 

Mercury – Cold Vapor 
Atomic Absorption 

LA-325-106, Rev. G-0 (SW-846 
7470A, 7471A) 

LA-325-106, Rev. G-0 
(SW-846, 7470A, 7471A) 

Ammonia – IC LA-544-112, Rev. D-0 LA-533-101, Rev. O-0 
Anions & Organic Acids – IC LA-504-101, Rev. L-0 LA-533-115, Rev. J-0 
Metals – ICP /AES LA-505-163, Rev. F-0 (SW-846 

3050B) 
LA-505-161, Rev. I-0, J-0a 
(SW-846 6010C) 

99Tc, 126Sn – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Metals – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-103, Rev. A-0 
(SW-846 6020A) 

Actinides – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Radiochemical Analyses 
GEA Direct LA-548-121, Rev. I-0 
90Sr – Separation/Beta 
counting

LA-544-101, Rev. F-0 LA-220-101, Rev. I-0 

Tritium – LSC LA-504-101, Rev. L-0 LA-218-114, Rev. F-0 
14C – LSC LA-504-101, Rev. L-0 LA-348-104, Rev. H-0 
79Se – Separation/LSC LA-544-101, Rev. F-0 LA-365-102, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA LA-544-101, Rev. F-0 LA-378-105, Rev. C-0 
241Am, 243/244, 242Cm – 
Separation/AEA

LA-544-101, Rev. F-0 LA-953-104, Rev. H-1 

239/240, 238Pu – Separation/AEA LA-544-101 Rev. F-0 LA-953-104, Rev. H-1 
Organic Analyses 

VOC – GC-MS Direct LA-523-118, Rev. G-0 
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Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
SVOC – GC/MS LA-523-138, Rev. F-0 (SW846-

3540C)
LA-523-135, Rev. C-0 
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Data Validation Supporting Documentation 
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None

Batch 14169 surrogate terphenyl-d14 recoveries: MB 60%, LCS 63%, MS 65%, MSD 63%, B1YT77 62% 
Batch 14169 LCS recoveries: 1,2,4-trichlorobenzene 69%; 1,4-dichlorobenzene 68%; 4-chloro-3-
methylphenol 67%; 2-chlorophenol 65%; n-ninitrosodipropylamine 61%; phenol 67%; pentachlorophenol 
61%. 
Batch 14169 MS/MSD recoveries: 1,2,4-trichlorobenzene 60%/59%; 1,4-dichlorobenzene 57%/56%; 4-
chloro-3-methylphenol 67%/66%; 2-chlorophenol 57%/56%; n-ninitrosodipropylamine 55%/55%; phenol 
60%/59%; acenaphthene 64%/63%. 
 
See additional comments sheet for more accuracy infractions. 
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None

None
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COC analyte monobutyl phosphate not reported. 
 
MDLs > CRDLs [or Target Detection Limits (TDLs) when CRDLs not provided in the SAP].  
Cyclohexanone TDL = 500 ug/kg - B1YT71 MDL = 526, B1YT74 MDL = 560, B1YT77 MDL = 705, B1YT80 
MDL = 553, B1YT83 MDL = 569  
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Additional Accuracy Infractions 
  
Batch 14181 LCS recoveries: 1,4-dichlorobenzene 69%; 2-chlorophenol 67%; n-ninitrosodipropylamine 
66%; phenol 69%. 
Batch 14181 MS/MSD recoveries: 1,2,4-trichlorobenzene 65%/67%; 1,4-dichlorobenzene 62%/62%; 2-
chlorophenol 61%/62%; n-ninitrosodipropylamine 60%/61%; phenol 64%/67%. 
Batch 14528 MS/MSD recoveries: n-ninitrosodipropylamine 69%/69%; 
  
For all batches, pyridine, tributyl phosphate, 2-ethoxyethanol, cyclohexanone, n-nitrosomorpholine and 
isobutanol not represented in LCSs and MS/MSDs.
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Date:  28 April 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Inorganics - Sample Data Group (SDG) 20090160 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDG 20090160 prepared by 222-S 
Laboratory.  A list of samples validated along with the analytical methods is provided in the 
following table. 
 

Sample ID Sample Date Media Validation Level Analytical Methods 
B1YT71 4/14/2009 Soil C See note 1 
B1YT74 4/21/2009 Soil C See note 1 
B1YT77 4/22/2009 Soil C See note 1 
B1YT80 4/30/2009 Soil C See note 1 
B1YT83 4/30/2009 Soil C See note 1 

1 – 6010C (ICP-AES); 6020A (ICP-MS, including metals, fission products and actinides); 
7471A (CVAA Hg) 
 
Data validation was conducted in accordance with the CHPRC validation statement of work and 
the Field Sampling and Analysis Plan for Sites P and L at Waste Management Area C, RPP-
PLAN-40564, Rev. 0 (SAP).  Appendices 1 through 6 provide the following information as 
indicated below: 
 
Appendix 1. Glossary of Data Reporting Qualifiers 
Appendix 2. Summary of Data Qualification 
Appendix 3. Annotated Laboratory Reports 
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation 
Appendix 5. Data Validation Supporting Documentation 
Appendix 6. Additional Documentation Requested By Client 
 
DATA QUALITY OBJECTIVES
 
� Holding Times and Sample Preservation 
 
Holding times are calculated from Chain-of-Custody forms to determine the validity of the 
results.  The holding time requirement for ICP metals are analysis within 180 days of sample 
collection, and the holding time requirement for mercury is analysis within 28 days of sample 
collection.  Sample preservation for all analytes requires chilling to 4 degrees Celsius. 
 
The samples were analyzed within the prescribed holding times and properly preserved with the 
following exceptions. 
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For ICP-MS metals analysis, all samples were analyzed beyond the holding time but within 2X 
the holding time.  All associated sample results should be qualified as estimates and flagged 
“UJ” for non-detects and “J” for detects.  See the table in Appendix 2 for a listing of all affected 
sample results. 
 
For CVAA analysis, samples B1YT80 and B1YT83 were analyzed beyond the holding time but 
within 2X the holding time.  The Hg results for these two samples were non-detects and should 
be qualified as estimates and flagged “UJ.” 
 
� Blanks

The blank data results are reviewed to assess the extent of contamination introduced through 
sampling, sample preparation, and analysis. 

Laboratory Blanks
 
All laboratory blank results were acceptable with the following exceptions. 
 
For ICP-AES batch 16229, the Ca laboratory blank result was > the method detection limit 
(MDL).  The associated sample result was a detect >5X the blank result and should not be 
qualified. 
 
For ICP-MS batch 16341, the Sn-117 laboratory blank result was > the MDL.  The associated 
sample results were non-detects and should not be qualified. 
 
For ICP-MS batch 15762, the Th-232 laboratory blank result was > the MDL.  The associated 
sample results were detects >5X the blank result and should not be qualified. 
 
For ICP-MS batch 16171, the Th-232, U-235 and U-238 laboratory blank results were > the 
MDLs.  The associated sample results were detects >5X the blank results and should not be 
qualified. 
 
For ICP-MS batch 16927, the Ag, Cd, Tl and Ni laboratory blank results were > the MDLs.  The 
Ag results for samples B1YT71, B1YT74, B1YT77 and B1YT80 were detects <5X the blank 
result and should be qualified as non-detect estimates and flagged “UJ.”  The Cd results for 
samples B1YT74, B1YT77 and B1YT80 were detects <5X the blank result and should be 
qualified as non-detect estimates and flagged “UJ.”  The Tl result for sample B1YT80 was a 
detect <5X the blank result and should be qualified as a non-detect estimate and flagged “UJ.”  
The Cd, Tl and Ni results for the remaining samples were detects >5X the blank results and 
should not be qualified for the blank infractions.  
 
For ICP-MS batch 17063, the Tl laboratory blank result was > the MDL.  The Tl result for 
sample B1YT83 was a detect <5X the blank result and should be qualified as a non-detect 
estimate and flagged “UJ.” 
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For ICP-MS batch 17222, the Se laboratory blank result was > the MDL.  The associated sample 
result was a non-detect and should not be qualified for the blank infraction. 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
No equipment blanks were submitted for analysis. 
 
� Accuracy

Accuracy is evaluated by reviewing matrix spike sample results and laboratory control sample 
results.  According to the SAP, the laboratory control sample accuracy limits are 80% to 120%, 
and the matrix spike sample accuracy limits are 75% to 125%.  The limits for reported analytes 
not listed in the SAP are specified by the DV procedure. 
 
Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples
 
All MS/MSD recoveries were acceptable with the following exceptions. 
 
For ICP-AES batch 15041, the Si MS recovery was > the upper acceptance limit, and the Ta MS 
recovery was < the lower acceptance limit but �30%.  The Si results for samples B1YT71, 
B1YT74, B1YT77 and B1YT80, and the Ta result for sample B1YT71 were detects and should 
be qualified as estimates and flagged “J.”  Ta was not reported or required for samples B1YT74, 
B1YT77 and B1YT80. 

Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable with the following exception. 
 
For ICP-MS batch 16341, the Sn-117 LCS recovery was > the upper acceptance limit.  The Sn-
117 and Sn-126 (Sn-126 represented by Sn-117) sample results were non-detects and should not 
be qualified. 

� Precision 

Precision is evaluated by reviewing MS/MSD results, laboratory duplicate sample results, field 
duplicate sample results, and field split sample results.  These QC results provide information on 
the laboratory reproducibility and whether sampling activities are adequate to acquire consistent 
sample results.  According to the SAP, the relative percent difference (RPD) limits are �30%.  
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The limits for reported analytes not listed in the SAP are specified by the DV procedure.  When 
duplicate RPDs exceed the limits and have associated results <5X the SAP required detection 
limits (or <5X the target detection limits when required detection limits are not provided) with 
differences <2X the required/target detection limits no precision infraction occurred. 

MS/MSD Samples
 
All MS/MSD RPD values were acceptable. 

Laboratory Duplicate Samples
 
All laboratory duplicate results were acceptable. 
 
Field Duplicate Samples
 
No field duplicates were submitted for analysis. 
 
Field Split Samples
 
No field splits were submitted for analysis. 
 
� Detection Limits 
 
Reported MDLs are compared against the contractually required detection limits (CRDLs) to 
ensure that laboratory detection limits meet the required criteria. 
 
All reported sample MDLs were below the CRDLs [or Target Detection Limits (TDLs) when 
CRDLs were not provided in the SAP] with the following exceptions.  Note, the following lists 
associated non-detected sample results only since MDLs > CRDLs/TDLs are not an issue for 
detected results. 
 
For sample B1YT71, the Mo, U and Se MDLs were > the CRDLs. 
For samples B1YT74, B1YT77, B1YT80 and B1YT83 the U and Se MDLs were > the CRDLs.  
 
� Completeness 
 
SDG 20090160 was submitted for validation and verified for completeness.  Completeness is 
based on the percentage of data determined to be valid (i.e., not rejected).  The completion 
percentage was 100%. 
 
MAJOR DEFICIENCIES
 
None found. 
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MINOR DEFICIENCIES
 
Multiple minor deficiencies leading to qualification of sample results as estimates occurred.  See 
the table in Appendix 2 for a listing of all affected sample results. 
 
REFERENCES
 
HNF-20433, Rev. 0, Data Validation Procedure for Chemical Analyses, June 2004.  
 
RPP-PLAN-40564, Rev. 0, Field Sampling and Analysis Plan for Sites P and L at Waste 
Management Area C, March 2009. 
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Appendix 1 

Glossary of Data Reporting Qualifiers 
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Qualifiers that may be applied by data validators in compliance with the CHPRC statement of 
work are as follows: 
 
� U � The constituent was analyzed for and was not detected.  The data should be considered 

usable for decision-making purposes. 
 
� UJ � The constituent was analyzed for and was not detected.  Due to a quality control 

deficiency identified during data validation the value reported may not accurately reflect the 
MDL.  The data should be considered usable for decision-making purposes. 

 
� J � Indicates the constituent was analyzed for and detected.  The associated value is 

estimated due to a quality control deficiency identified during data validation.  The data 
should be considered usable for decision-making purposes. 

 
� UR � Indicates the constituent was analyzed for and not detected; however, due to an 

identified quality control deficiency the data should be considered unusable for decision-
making purposes. 

 
� R � Indicates the constituent was analyzed for and detected; however, due to an identified 

quality control deficiency the data should be considered unusable for decision-making 
purposes. 
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Appendix 2 

Summary of Data Qualification 
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Inorganic Data Qualification Summary 
SDG: 20090160 Reviewer: AQA Project: WMA C Page 1 of 2 

Analyte(s) Qualifier Samples Affected Reason 

Si J B1YT71, B1YT74, 
B1YT77, B1YT80 High MS recovery 

Ta J B1YT71 High MS recovery 

Ag UJ B1YT71, B1YT74, 
B1YT77, B1YT80 

Laboratory blank 
contamination and analysis 

beyond the holding time 
but within 2X the holding 

time 

Ag UJ B1YT83 
Analysis beyond the 

holding time but within 2X 
the holding time 

Cd UJ B1YT74, B1YT77, 
B1YT80 

Laboratory blank 
contamination and analysis 

beyond the holding time 
but within 2X the holding 

time 

Cd J B1YT71, B1YT83 
Analysis beyond the 

holding time but within 2X 
the holding time 

Tl UJ B1YT80, B1YT83 

Laboratory blank 
contamination and analysis 

beyond the holding time 
but within 2X the holding 

time 

Tl J B1YT71, B1YT74, 
B1YT77 

Analysis beyond the 
holding time but within 2X 

the holding time 

As, Co, Pb, V & Ni J 
B1YT71, B1YT74, 
B1YT77, B1YT80, 

B1YT83 

Analysis beyond the 
holding time but within 2X 

the holding time 

Cr J B1YT71, B1YT74, 
B1YT77, B1YT80 

Analysis beyond the 
holding time but within 2X 

the holding time 

Sb J B1YT71 
Analysis beyond the 

holding time but within 2X 
the holding time 

Sb UJ B1YT74, B1YT77, 
B1YT80, B1YT83 

Analysis beyond the 
holding time but within 2X 

the holding time 
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Inorganic Data Qualification Summary 
SDG: 20090160 Reviewer: AQA Project: WMA C Page 2 of 2 

Analyte(s) Qualifier Samples Affected Reason 

Se UJ 
B1YT71, B1YT74, 
B1YT77, B1YT80, 

B1YT83 

Analysis beyond the 
holding time but within 2X 

the holding time 

Hg UJ B1YT80, B1YT83 
Analysis beyond the 

holding time but within 2X 
the holding time 

 
Comments: None 
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Appendix 3 

Annotated Laboratory Reports 
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Appendix 4 

Laboratory Narrative and Chain-of-Custody Documentation 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C6392, C6400, C6402 C6404, AND C6406 

IN SUPPORT OF RCRA SOIL CHARATERICZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between March 11th and June 15th, 2009. The samples were analyzed in accordance with RPP-
PLAN-40564, Field Sampling and Analysis Plan for Sites P and L at Waste Management Area 
C, (FSAP); RPP-PLAN 3877, Sampling and Analysis Plan for Phase 2 Characterization of 
Vadose Zone Soil in Waste Management Area C (SAP); ATL-MP-1011, ATL Quality Assurance 
Project Plan for 222-S Laboratory (QAPP); Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods (SW-846); and the additional guidance given by the client’s point of 
contact.

Because the 222-S Laboratory Facility was designed to analyze hazardous and complex tank 
waste samples, most SW-846 test methods performed at the 222-S Laboratory contain deviations 
that are listed in an appendix in the analytical procedures. All known deviations or variances 
from SW-846 are documented in this narrative. The following attachments are included in this 
report.

Attachment 1 Data Summary Report
Attachment 2 Sample Breakdown Diagrams 
Attachment 3 Holding Time Report 
Attachment 4 Tentatively Identified Compounds (TIC) for Organic Analyses 
Attachment 5 Correspondence
Attachment 6 Receipt Paperwork 

This report also contains the following appendices. 

Appendix A Geologic Report 
Appendix B Analytical Raw Data 

2.0 SAMPLE RECEIPT AND BREAKDOWN 

2.1.1 Sample Receipt 

A total of 25 core intervals from five core holes along with two equipment blanks and three trip 
blanks were received by 222-S beginning March 11th and ending June 15th, 2009. The samples 
were delivered in a cooler with ice or, in the case of the volatile organic samples, in a freezer. 
The temperature of a randomly selected sample from each cooler or freezer was measured and 
recorded on the chain of custody. Laboratory sample receipt personnel failed to record the 
receipt temperature for four core intervals: 
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� C6404 - 6 ft. to 8 ft
� C6404 - 10 ft. to 12 ft.
� C6406 - 54.5 ft. to 56.5 ft.
� C6406 - 59 ft. to 61 ft.

This was caused partially by the confusion from the delivery of multiple core projects at the 
same time and failure of laboratory personnel to follow the sample receipt procedure. These 
issues have been addressed and corrective measures have been taken. Many of the samples 
received were outside the required temperature ranges. This was due to the fact that these 
samples had not been in the cooler or freezer long enough to reach equilibrium. This can be 
verified, in most cases, by comparing the receipt time with the sampling time. The cooler and 
freezer walls were sometimes measured and were within the required temperature range. This 
temperature was not generally recorded since this measurement is not called out in the 
procedure. For future projects, the temperature of a temperature blank or the side of the cooler or 
freezer will be measured and recorded as described in SW-846.  

2.1.2 Sample Breakdown 

The laboratory received each core interval as a set of volatile organic analysis (VOA) samples 
and three liner samples, when complete core recovery was obtained. Nine core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The liner samples from each core 
interval were extruded, described, and composited by the Washington River Protection 
Solutions, Inc. (WRPS) geologist. The geologist’s report is included in Appendix A. Provided 
sufficient samples existed, the composite for each core interval was analyzed as described in the 
SAP and FSAP. WRPS shipped a subsample of each composite to an offsite laboratory, when 
sufficient sample was available. The results of these analyses are not discussed in this report. 

The 10-ft. to 12-ft. interval from core hole C6404 consisted of only VOA vial samples. No core 
liners were received for this interval. A limited suite for radiochemical analyses was performed 
using the methanol-preserved VOA sample. No other analyses were performed. 

3.0 ANALYTICAL RESULTS SUMMARY 

The Data Summary Report (Attachment 1) presents the final analytical results for those analytes 
requested in the SAP and FSAP. Secondary analytes are only reported if detected. The TIC from 
gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic compounds 
(SVOC) is presented in Attachment 4. In addition to the required isotopes, all isotopes with 
positive gamma energy analysis (GEA) results were reported. 

The “Det Limit” column in Attachment 1 contains the method detection limit (MDL) for non-
radionuclide analyses, or the minimum detectable activity for radionuclides. 

In Attachment 1 the column labeled “A#” indicates the aliquot class or the method used for 
sample preparation before analysis. For solid samples, the aliquot classes are defined as follows: 
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“A” indicates samples that were prepared by SW846-3050B.
“E” indicates samples that were prepared by a strong acid digest. 

“O” indicates samples that were extracted for organic analysis. 

“S” indicates samples that were prepared by a distillation. 

“W” indicates samples that were prepared by a water digest. 

Samples without a letter identifier in the “A#” column were analyzed directly with no separate 
preparation or with sample preparation performed as a part of the procedure steps. 

The “Qual Flags” column in Attachment 1 contains data qualifier flags that are defined as 
follows: 

“B” is used to indicate that the analyte was detected in the method or preparation blank 
and in the sample, and the result for the blank was greater than 5% of the reported sample 
result. 

“J” indicates that the reported result should be considered an estimate because it is below 
the quantitation limit. The “J” flag is applied to sample concentrations that are greater 
than the MDL but less than the quantitation limit or sample activity with a counting 
uncertainty greater than 30%.

“N” indicates a TIC which has been named. 

“Q” indicates that the result is qualitative only. 

“T” indicated a TIC. 

“U” indicates that the reported result is less than the calculated detection limit. 

“Y” indicates that the percent difference (%D) for the continuing calibration verification 
standard (CCV) was greater than -20%. 

“X” indicates that the initial calibration verification (ICV) standard was outside the range 
specified in the QAPP. 

“a” indicates that the laboratory control sample (LCS) was outside of the specified range 
in the QAPP or SAP. 

“b” indicates that the matrix spike (MS) was outside of the specified range in the QAPP 
or SAP. 

“c” indicates that the relative percent difference (RPD) between the sample and the 
duplicate is greater than 30%. 

“e” indicates that the %D between the sample result and the serial dilution exceeded 
10%.

“f” indicates that the MS failed and the serial dilution passed. 

Manual calculations using rounded results from the Data Summary Report or result calculation 
forms may differ slightly from the actual results derived from the raw data. 
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3.1 SAMPLE DIGESTIONS 

3.1.1 Radiochemistry Strong Acid Digestion 

Strong acid digestions with a hot plate for the heat source were performed using a mixture of 
concentrated nitric and hydrochloric acids. For each digest, approximately 10 grams of sample 
were digested, filtered, and diluted to a final volume of 100 or 125 mL. This digestion was used 
for all radiochemical analyses except tritium, 14C, and 129I. This digestion is a leach of the acid 
soluble species only. 

3.1.2 SW846-3050B - Acid Digestion-Heating Block 

This acid digestion follows SW846-3050B using a heating block and nitric and hydrochloric 
acids. Approximately 0.25 g of sample was digested. All heating-block digestions were filtered 
and diluted to a final volume of 50 mL. In soil, this digestion is a leach of the acid soluble 
species only. This digestion was used for all inductively coupled plasma/mass spectrometry 
(ICP/MS) and inductively coupled plasma/atomic emission spectroscopy (ICP/AES) analyses 
except for 99Tc and isotopic tin (117Sn and 126Sn) analysis. The digestion is modified for the 99Tc
analysis by using only nitric acid. This is done to eliminate the possibility of the formation a 
zinc-chlorine ion pair of mass 99. The laboratory believes this ion, when present, is responsible 
for low level false positives. 

3.1.3 Water Digestion 

A water digestion or leach was prepared for the anions by ion chromatography, 14C, and tritium 
analyses using approximately 0.25 to 4 g of sample diluted to 25 mL. Sonification was used, and 
the leachate was then filtered. In soil, this digestion is a leach of the water soluble species only. 

3.2 INORGANIC ANALYSES

3.2.1 Cyanide

The cyanide analysis was performed on direct subsamples of the liner composite samples. All 
analyses met the SW846 holding time of 14 days except for sample B1YT71 (S09V000171). The 
holding time was missed due to the need for reanalysis, which was caused by quality control 
(QC) failures during the first analysis. The sample was initially analyzed within the holding time, 
but the final analysis, which passed all QC requirements, was 1 day past the holding. The sample 
result was the same for both analyses. The laboratory believes there was no effect on the final 
result from this missed holding time. There was no required reporting limit in the SAP for 
cyanide. The target detection limit was 0.5 �g/g, which is at least an order of magnitude lower 
than the current laboratory method (lachet micro-distillation) can reach.

3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples. All analysis 
met the SW846 holding time of 7 days except for samples B1YT92 (S09V000382), B1YTH1 

Page 262 of 732



(S09V000626), and B1YTH3 (S09V000642). The first holding time was missed due to the lack 
of analytical personnel resources. The other two missed holding times were caused by the 
inability of the analytical personnel to access the laboratory due the lack of facility support, 
which is beyond the control of analytical personnel and their management. There was no 
required reporting limit in the SAP for sulfide. The target detection limit was 5 �g/g. Three 
sample results had adjusted MDLs of 5 �g/g. The rest were between 6��g/g and 8 �g/g.

Batches 13951, 13952, 14332, 14517, 14598, and 14778: There were no notable issues with 
these batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14184: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 36%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14354: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 32%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

3.2.3 pH Analysis 

The pH analysis was performed on the liner composite samples. These analyses met all QC 
requirements in the FSAP, SAP, and QAPP. The FSAP lists a pH holding time requirement of 
“as soon as possible.” All pH measurements were taken immediately after the water leach was 
performed, but the sampling to analysis date varied from 2 to 20 days (see Attachment 3). There 
is no correlation between pH results and days to analysis, and the results fall within an expected 
range for alkaline soils. This indicates that the large variation in time has no apparent effect on 
the results. However, the client’s expectation was that analysis would be performed within 
14 days. For future projects, the analysis will be performed in less time. 

3.2.4 Mercury

Analysis for mercury was performed on digested subsamples of the liner composite samples. All 
results met the QC requirements in the FSAP, SAP, and QAPP. All analyses met the holding 
time of 28 days, except for samples B1YT80 (S09V000174), B1YT83 (S09V000175), and 
B1YT98 (S09V000392). This was apparently the result of an oversight error by the analytical 
staff. The laboratory is working on improvements in holding time expiration tracking. 

This analysis met the required and target detection limits except for three samples: B1YT71 
(S09V000171), B1YT74 (S09V000172), and B1YT77 (S09V000173). These sample results met 
the target detection limit of 0.2 mg/Kg but were twice the required detection limit of 
0.01 mg/Kg. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for NH4
+ was performed using a distillation preparation of the liner composite samples. 

The SAP lists an administrative holding time of 7 days. The laboratory believes that after 
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distillation and preservation, the holding is 28 days based on EPA drinking water and waste 
water holding times for preserved samples. There is no regulatory holding time limit 
promulgated for ammonium in soil. Four samples were analyzed outside of the administrative 
7-day holding time: B1YT71 (S09V000219), B1YT92 (S09V000425), B1YTH1 (S09V000632), 
and B1YTH3 (S09V000648). This was apparently the result of an oversight error by the 
analytical staff. The laboratory is working on improvements in holding time expiration tracking. 
These analyses met the target detection limit listed in the SAP. There was no required reporting 
limit in the SAP or FSAP for ammonium. 

Batches 14073, 14226, 14237, and 14498: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14301: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample, a “B” flag has been applied to the 
associated results. Since both the sample and the blank results were below the quantitation limit, 
reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were met for 
this batch. 

Batch 14710: Samples B1YTF4 (S09V000599) and B1YTF4 (S09V000615) were analyzed with 
an LCS and MS, which used a standard that was 2 days past the expiration date. Since the 
recoveries of the expired standards were within 95% to 100% of the expected value, and the 
analytical batch contained other valid standards with acceptable recoveries, it is the laboratory’s 
opinion that the data quality was not affected. Therefore, no reanalysis was requested. One of the 
two preparation blanks contained in this analytical batch had an ammonium result slightly above 
the MDL. Since the associated samples were non-detect, there is no effect on the data. All QC 
requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14840: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since the blank result was below the quantitation limit, reanalysis was 
not required. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14659: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since both the sample and the blank results were below the quantitation 
limit, reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were 
met for this batch. 

3.2.6 Ion Chromatography – Anions and Small Organic Acids 

Ion chromatography analysis was performed on a water digest of subsamples from all soil 
composite samples except for B20XV5. This was due to insufficient sample volume. This 
sample was the 6-ft. to 8-ft. interval from core hole C6402, which was a retake of the same 
interval in core hole C6404. The laboratory met all the required and target detection limits. All 
analyses were within the applicable holding time. All sample spikes used in this analysis are post 
digestion spikes. Current laboratory procedures and practice were developed for the analysis of 
concentrated waste, which typically does not include the use of predigestion spikes for this 
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analysis. The laboratory will change to predigestion spike for future projects. In general, these 
samples experienced multiple RPD failures in every batch. All samples were reanalyzed and 
little improvement was seen. Other analyses also experienced high RPDs. The exact cause of the 
IC failures is unknown at this time, but it is matrix related. The “c” has been applied to all 
samples in the batch, not just the sample used for the duplicate analysis. 

Batch 16700: Nitrite and nitrate were present in the preparation blank at levels below the 
quantitation limit; therefore, reanalysis was not required. Sample results have been flagged with 
“B” when appropriate. The RPD for formate and oxalate exceeded the required 30%. However, 
since the results for these analytes were below the quantitation limit, the criterion does not apply. 
The RPD for fluoride, acetate, sulfate, nitrate, and phosphate exceeded the 30% requirement, and 
results were all above the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16701: The preparation blank result for chloride was above the MDL but less than the 
quantitation limit. Therefore, the data quality was not affected and reanalysis was not required. 
The samples were “B” flagged as appropriate. The closing continuing calibration blank (CCB) 
result for formate was above the MDL but less than the quantitation limit. Therefore, the data 
quality was not affected and reanalysis was not required. The samples were “B” flagged as 
appropriate. The RPD for nitrite and oxalate exceeded the required 30%. However, since the 
results for these analytes were below the quantitation limit, the criterion does not apply. The 
RPD for sulfate, nitrate, and chloride exceeded the 30% requirement, and results were all above 
the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16744: The RPD for acetate exceeded the required 30%. Since the result for this analyte 
was below the quantitation limit, the criterion does not apply. The RPD for nitrite exceeded the 
30% requirement, and all results were above the quantitation limit. The sample results have been 
flagged with a “c.”  

Batch 17027: The RPD for oxalate and formate exceeded the required 30%. Since the result for 
these analytes were below the quantitation limit, the criterion does not apply. The RPD for 
acetate, nitrate, nitrite, and sulfate exceeded the 30% requirement, and results were all above the 
quantitation limit. The sample results have been flagged with a “c.”

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectroscopy 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples. In general, the ICP/AES analysis experienced repeated failures for the duplicate RPDs, 
serial dilutions, and matrix spike recoveries. The laboratory believes these failures are due to 
interferences from high levels of iron and aluminum, and sample inhomogeneity. This is 
supported by the fact that there were no post digestion spike failures. The interference from the 
iron and aluminum appeared to cause signal suppression in most cases. The impact of this 
interference could be reduced by reanalyzing the samples using smaller aliquots or greater 
dilution, but this would cause some primary elements to be reported as estimated or non-detected 
above the required detection limits. This was discussed with the client, who agreed that 
reanalysis would not improve the overall analytical results (see Attachment 5). Additionally, it 
was noted that some of the secondary analytes experienced LCS failures and that reanalysis was 
not required for secondary elements. In particular, the digestion method used, which was an acid 
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leach, does not produce consistent results for silicon. The amount of silicon leached from a 
highly siliceous material, like soil, is not consistent when using an acid leach. Also, the LCS 
recoveries are somewhat variable and may be related to the concentration and types of acid used. 
Silicon is not listed with other elements in SW846-3050B, section 1.1, under “Scope and 
Application” for the method. 

The ICP/AES analysis was unable to obtain the required detection limit for antimony, arsenic, 
cadmium, lead, nickel, selenium, silver, thallium, and vanadium. These elements have been 
reported from separate ICP/MS analyses. Additionally, some chromium and cobalt results were 
from these same ICP/MS analyses. Total uranium has been reported by the ICP/AES analysis but 
did not meet the required detection limits in the FSAP. Since the isotopic uranium analysis by 
ICP/MS met the required detection limit for 238U, the overall data usability was not affected. For 
all other metals reported by ICP/AES, all target and required detection limits were met or the 
results were above the quantitation limit, with the exception of one sample. Sample B1YT71 
from core C6392 failed to meet the required detection limit for molybdenum and the target 
detection limits for beryllium, copper, and molybdenum.  

Batch 15041: The low level standard (LLS) for potassium failed low at 69%. This indicates that 
results near the LLS could be biased low. Since all potassium results were near the mid-range of 
the calibration, the data was not affected by the low LLS recovery. The MS recoveries for 
aluminum, calcium, and iron failed to meet the FSAP criterion. Since the sample concentrations 
of these analytes exceeded four times the spike level, the MS recovery criterion does not apply. 
The MS recovery for silicon exceeded the ±25% criterion in the SAP and FSAP at 311%. The 
laboratory believes that the failure is due to the inconsistent leaching of silicon discussed 
previously. The associated sample results have been flagged with a “b.” 

Batch 16002: The MS recoveries for aluminum, calcium, iron, and magnesium failed to meet the 
FSAP criterion. Since the sample concentrations of these analytes exceeded four times the spike 
level, the MS recovery criterion does not apply. The MS recovery for sodium, tantalum, 
titanium, and potassium exceeded the ±25% criterion in the SAP and FSAP, and the results have 
been flagged with a “b.” The laboratory believes this is a result of matrix interference due to the 
high levels of other elements in these samples and sample inhomogeneity. This was discussed 
with the client (see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for 
tantalum was less than 1%. The laboratory believes this was due to an issue with the standard. 
Since tantalum is not a required analyte, reanalysis was not required. Zinc was detected in the 
preparation blank above the MDL but less than the quantitation limit. Since the result was less 
than 5% of the sample result, the data quality was not affected. 

Batch 16229: Calcium was present in the preparation blank but was less than 5% of the lowest 
sample result. The MS recoveries for aluminum, calcium, iron, silicon, titanium, and magnesium 
failed to meet the FSAP criterion. Since the sample concentrations of these analytes exceeded 
four times the spike level, the MS recovery criterion does not apply. The serial dilution for 
manganese and sodium failed the 10% requirement at 19% and 12%, respectively. The results 
have been flagged with an “e.” This could indicate that the parent sample result is biased low due 
to matrix interference. 
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Batch 16778: The ICV standard recovery for rubidium was outside the 90% to 110% criterion at 
112%. The sample results have been flagged with an “X.” Reanalysis was not required since 
rubidium is a secondary analyte. The results for palladium and rubidium in the CCBs and initial 
calibration standard (ICB) were above MDL but below the quantitation limits. A “B” flag was 
applied since the blank result was greater than 5% of the sample results. Reanalysis was not 
required because all results (blank and samples) were below the quantitation limit. The LLS for 
rubidium, potassium, and palladium exceeded the 130% recovery criterion at 237%, 134%, and 
137%, respectively. The palladium and rubidium results should be considered biased high. Since 
these are secondary analytes, reanalysis is not required. All potassium results are above the ICV 
and CCV level. Therefore, the slightly high recovery of the LLS does not impact the data quality. 
The LCS for silicon failed low at 52%. Silicon results should be considered biased low and are 
flagged with an “a.” The preparation blank results for calcium and zinc were above the MDL but 
below the quantitation limit and less than 5% of the sample result. Therefore, the sample results 
were not affected. The duplicate RPD for praseodymium exceeded the 30% requirement in the 
SAP and FSAP. Since the sample result was below the quantitation limit, this criterion does not 
apply. The MS recoveries for aluminum, calcium, iron, and magnesium were outside the ±25% 
requirement in the SAPs. However, since the sample results for these elements were more than 
four times the spike level, the criterion does not apply. The MS recoveries for sodium, 
potassium, rubidium, silicon, and titanium were outside the 75% to 125% requirement, so all 
associated sample results have been flagged with a “b.” The laboratory believes this is a result of 
matrix interference due to the high levels of other elements in these samples. The %D for the 
serial dilutions exceeded 10% for magnesium, phosphorous, silicon, and titanium. The laboratory 
believes this is a result of matrix interference due to the high levels of other elements in these 
samples. An “e” flag has been applied to these results. Since the post digestion spike passed, the 
serial dilution was not required, nor was reanalysis. However, these results do indicate matrix 
interference. 

Batch 16822: The mid batch CCB result for praseodymium was above the MDL but below the 
quantitation limit. All associated sample results were less than 20 times the CCB result and were 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. The initial calibration blank result for iron was above the MDL but 
less than the quantitation limit and much less than 5% of the sample results; therefore, the data 
quality was not affected. The LCS failed low for silicon and tungsten; since these were 
secondary analytes, reanalysis was not required. The affected sample results have been flagged 
with an “a.” The duplicate RPD for cerium, cobalt, europium, sulfur, and praseodymium 
exceeded the required 30%. Since the results were below the quantitation limit, this criterion 
does apply. The duplicate RPD for aluminum, calcium, copper, iron, magnesium, manganese, 
sodium, neodymium, phosphorous, strontium, titanium, yttrium, and zinc exceeded the 30% 
criterion, and the associated samples have been flagged with “c.” The laboratory believes that 
this particular failure is due to sample inhomogeneity. The serial dilution for silicon, magnesium, 
calcium, iron, and manganese exceeded the required 10% criterion. Since the post digestion 
spike passed, the serial dilution was not required, nor was reanalysis. However, these results do 
indicate matrix interference. The MS recovery for aluminum, calcium, iron, and magnesium 
exceeded the 30% requirement in the SAP and FSAP. Since the sample results were more than 
four times the spike concentration, this criterion does not apply. The MS recovery for 
phosphorous, potassium, sodium, and tungsten exceeded the 30% requirement in the SAP and 
FSAP. The laboratory believes this is a result of matrix interference due to the high levels of 

Page 267 of 732



other elements in these samples and sample inhomogeneity. This was discussed with the client 
(see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for cerium was 
less than 1%. The laboratory believes this was due to an issue with the standard. Since cerium is 
not a required analyte, reanalysis was not required. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy

The ICP/MS actinide analysis was performed on the SW846-3050 acid digestion of all liner 
composite samples. The ICP/MS 126Sn and 99Tc analysis was performed on the same digest, 
without the addition of the hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis 
because of the potential formation of a ZnCl ion pair with mass 99. 

Direct calibration, where a standard containing the isotope and element of interest is used to 
calibrate the response of the isotope, is the most accurate type of calibration. Standard material is 
not available for all the isotopes of interest. Those isotopes without available standards are 
calibrated using the instrument’s mass-response curve that is generated by using the 
intensity/concentration relationship for the available isotope standards. While the isotope results 
calibrated in this manner are designated “semi-quantitative” in the procedure, the differences in 
instrument response along the curve are generally small enough across the actinide mass range 
such that the results generated might be expected to be within similar uncertainties associated 
with quantitative results (i.e., those obtained directly against an isotope-specific standard). 

A similar approach is used to evaluate the recoveries of calibration checks, standards, and spikes. 
Just as all of the elemental isotopes of interest are not available for calibration, they are also not 
available for the various QC samples. Because the chemical properties of an element are the 
same for all of its isotopes, one elemental isotope can be used as a measure for other isotopes of 
interest. For example, by measuring the recovery of 238U in the various QC samples, the accuracy 
of the other uranium isotopes also can be evaluated. Table 1 lists the isotopes used for standards 
and spike samples for ICP-MS analyses. A response curve is derived using the slopes of the 
calibration lines of the available isotope standards. Slopes for the isotopes without available 
standards are then derived from the response curve, and results are calculated using the derived 
slopes. 

Table 1. Inductively Coupled Plasma-Mass Spectroscopy Standards and Spikes.

Standard Type Analytes Analyzed 
Initial calibration verification (nondigested) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Acid digest standard (laboratory control standard) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Predigest spike (MS) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Post-digest spike 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
No standard or spike of either type 126Sn, 230Th, 233U, 234U, 236U,

3.2.8.1 Technetium-99 and Tin-126 
The required detection limit listed in the SAP for 99Tc was met. The target detection limit for 
99Tc was not met. There were no required or target detection limits for 126Sn listed in the SAP. 
The FSAP lists a holding time of isotopic analytes as 6 months. All samples were initially 
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analyzed within the holding time. However, due to a required reanalysis, nine samples exceeded 
the holding time. The reanalysis was delayed by instrument repair, failure of the chemist review 
to recognize the need for reanalysis, and delayed third level review by the project manager. 
Additionally, Washington River Projection System’s management set the analytical priority of 
C Farm analysis behind other projects. Since the analytical results did not significantly change 
from the initial to the final analysis, the laboratory does not believe these exceedances affected 
the final results.

Batches 16639, 16734, and 16982: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16341: The preparation blank contained 117Sn below the quantitation limit. However, all 
samples in the batch were nondetect for 117Sn, so the data was not affected. The LCS for 117Sn
exceeded the required 120% at 141% and the associated results have been flagged with an “a.” 
This could indicate a high bias for these results. However, since the results for all samples were 
below the MDL, the data was not affected. The MS for 117Sn met the recovery requirements, 
demonstrating preparation batch accuracy to some degree. 

Batch 16865: The mid-run CCB contained 99Tc below the quantitation limit. All field samples in 
this batch demonstrated results below the MDL; therefore, the data was not affected. 

Batch 16970: All blanks contained a low level of 126Sn, and the preparation blank contained a 
low level of 126Sn and 99Tc. Since neither 126Sn or 99Tc were detected in the samples, the data 
quality was not affected and reanalysis was not required. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes and in all samples. The FSAP 
lists the holding time for isotopic analytes as 6 months. All samples were initially analyzed 
within the holding time. However, due to a required reanalysis, 11 samples exceeded the holding 
time. The reanalysis was delayed by instrument repair, failure of the chemist review to recognize 
the need for reanalysis, and a delayed third level review by the project manager. Additionally, 
Washington River Projection System’s management set the analytical priority of C Farm analysis 
behind other projects. Since the analytical results did not significantly change from the initial to 
the final analysis, the laboratory does not believe these exceedances affected the final results. 

Batch 15672: Neptunium-237 was detected in the mid-run CCB below the quantitation level. All 
affected samples have a similar result and have been flagged with a “B.” Since all 237Np results 
were below the quantitation level, reanalysis is not required. All blanks (CCB and preparation 
blanks) contained 232Th below the quantitation level and were less than 5% of the sample results. 
Therefore, the results were not affected and reanalysis was not required. The LLS for 235U was 
recovered above the 130% requirement at 131%. Since the lowest sample result was more than 
10 times the LLS level, the results were not affected. The RPD for 237Np exceeded the 30% 
requirement at 47%. Since the results were below the quantitation limit, this criterion does not 
apply. The closing CCB result for 238U was above the MDL but below the quantitation limit and 
less than 5% of the sample results; therefore, reanalysis was not required. 

Batch 16171: The preparation blank result for 235U was below the quantitation limit but less than 
5% of the lowest sample result. Therefore, no reanalysis was required and the data quality was 
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not affected. The preparation blank result for 232Th was above the quantitation limit but less than 
5% for the sample result; therefore, reanalysis was not required and the data quality was not 
affected. The preparation blank contained 238U above the quantitation level and was greater than 
5% of three of the sample results. However, since the sample results were below the TDL and 
above the quantitation limit, the client gave permission to report the data with a “B” qualifier 
(see Attachment 5). The ending LLS for 235U exceeded the 130% requirement at 133%. This 
could indicate a high bias for 235U results near the LLS level. However, the lowest sample result 
for 235U was approximately 80 times the LLS level and the data quality was not affected. 

Batch 16595: The preparation blank contained 238U and 235U above the quantitation level and 
was greater than 5% of all of the sample results in this batch. Since the sample results were 
above the quantitation level but below the TDL, the client gave permission to report the data 
with a “B” qualifier and narration of the issue (see Attachment 5). The preparation blank result 
for 233U was below the quantitation limit and greater than 5% of the sample results. Since both 
the sample results and the blank result were below the quantitation level, reanalysis was not 
required. The associated results have been flagged with a “B.” The preparation blank result for 
232Th was above the quantitation limit but less than 5% of the sample results; therefore, 
reanalysis was not required and the data quality was not affected. The ICB and CCBs contained 
232Th below the quantitation limit, which had no effect on the data quality. The RPD for 234U
exceeded the 30% requirement at 38%; since the sample result was below the quantitation limit, 
this criterion does not apply. 

Batch 17023: The closing LLS exceeded the 130% criterion for 232Th at 164%. However, all 
results were near the CCV level, which is 200 times the LLS. Therefore, the data quality was not 
affected. The RPD for 234U and 238U exceeded the 30% requirement; since the sample result was 
below the quantitation limit, this criterion does not apply. 

Batch 17024: The first CCB contained 235U at a level equal to the MDL; since it was below the 
quantitation limit, the data quality was not affected. The initial LLS exceeded the 130% for 232Th
criterion at 164%. However, all results were near the CCV, which is 200 times the LLS, and 
therefore, there was no effect on the data quality. The RPD for 234U exceeded the 30% 
requirement; since the sample result was below the quantitation limit, this criterion does not 
apply.

3.2.8.3 Trace Metals 
Antimony, arsenic, cadmium, lead, nickel, selenium, silver, thallium, and vanadium were 
analyzed by ICP/MS to obtain the required detection limits in the SAP. Additionally, some 
chromium and cobalt results were used from the ICP/MS analyses. Except for the required 
detection limit for selenium, all target and required detection limits were met or the sample 
results were above the quantitation limit and the sample detection limit criteria do not apply. The 
target detection limit for selenium was approximately an order of magnitude below the detection 
limit obtained by using ICP/MS. The laboratory does not anticipate reaching this detection limit 
for future projects. The FSAP lists the holding time of isotopic analytes as 6 months. All samples 
were initially analyzed within the holding time using ICP/AES. However, due to a required 
reanalysis, 23 samples exceeded this holding time. The reanalysis was delayed by instrument 
repair, failure of the chemist review to recognize the need for reanalysis, and a delayed third 
level review by the project manager. Additionally, Washington River Projection System’s 
management set the analytical priority of C Farm analysis behind other projects. Since the 
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analytes with results that could be compared (chromium, cobalt, nickel, and vanadium) did not 
significantly change from the initial ICP/AES to the final ICP/MS analysis, the laboratory does 
not believe these exceedances affected the final results. 

SW846-6020A requires that an interference check standard be used to determine possible 
isobaric or polyatomic ion interferences. The current laboratory procedure does not require the 
use of this standard, and it was not included in these analyses. However, interferences were 
mitigated by the use of the collision cell, or gas mode, of the instrument. This was used for 
arsenic and vanadium to mitigate chloride interference. Since the blank result for these elements 
were below the MDL, the mitigation appears to have been successful. The laboratory plans to 
use the required interference check standard for future projects. 

Batch 16927: The initial LLS recovered Cr at 152%. Since all chromium results were above the 
ICV/CCV level, the high recovery of the LLS does not affect data quality for chromium. The 
selenium recoveries for the LLS were outside the 70% to 130% requirement in SW846 at 167% 
for the initial LLS and 36% for the final LLS. The selenium concentration selected for the LLS 
was only slightly above the MDL and was determined to be too low. Some of the subsequent 
analyses used a more appropriate LLS level of selenium. The preparation blank contained silver, 
cadmium, thallium, and nickel above their MDLs but below the quantitation limits. All sample 
results, except for nickel, have been flagged with a “B” because the blank result was greater than 
5% of the sample results. Reanalysis was not required because the blank results were below the 
quantitation limits.

Batch 16990: The preparation blank and mid-run CCB results for thallium were above the MDL 
but less than the quantitation limit. Since the blank result was greater than 5% of all sample 
results, a “B” flag has been applied. Reanalysis was not required since the blank result was 
below the quantitation limit.

Batch 17021: The closing LLS for selenium was recovered at 202%. Since all sample results for 
selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for the LLS was at the MDL and was determined to be too low. Some of the subsequent 
batches used a more appropriate LLS concentration of selenium. The preparation blank result for 
selenium was above the MDL. However, since all sample results were below the MDL, the data 
quality was not affected. The closing CCV for silver was below the required 90% at 89.3%. This 
CCV bracketed only QC samples, all of which met requirements. Therefore, reanalysis was 
deemed unnecessary. The duplicate RPD for nickel exceeded the 30% requirement at 45%, and 
the associated results have been flagged with a “c.” The laboratory believes this is due to sample 
inhomogeneity, and with client agreement, reanalysis was not performed (see Attachment 5). 

Batch 17062: The LLS recoveries for selenium were 213% and 220%. Since all sample results 
for selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for this LLS, though higher than previously used, was determined to be too low. 
Subsequent analyses used a more appropriate LLS concentration of selenium. The preparation 
blank and closing CCB results for selenium were above the MDL. However, since all sample 
results were below the MDL, the data quality was not affected. The duplicate RPD for cadmium 
exceeded the 30% requirement at 33%. Since the sample result was below the quantitation level, 
this criterion does not apply. The duplicate RPD for lead, thallium, and vanadium exceeded the 
30% requirement at 47%, 59%, and 44%, respectively, and the associated results have been 
flagged with a “c.” Based on ICP/AES and other analyses, the laboratory believes this is due to 
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sample inhomogeneity and, with client agreement, no reanalysis was performed (see 
Attachment 5). 

Batch 17063: The preparation blank result for thallium was above the MDL but less than the 
quantitation limit. Since the blank result was greater than 5% of all sample results, a “B” flag has 
been applied. Reanalysis was not required since the blank result was below the quantitation limit.
The duplicate RPD for thallium exceeded the 30% requirement at 32%. Since the sample result 
was below the quantitation level, this criterion does not apply. 

Batch 17222: The preparation blank result for selenium was above the MDL. However, since all 
sample results were below the MDL, the data quality was not affected. 

Batch 17230: The post digestion spike failed low at 42% for selenium. However, since the MS 
met the required recovery criteria at 102%, a post digestion spike is not required (per SW846). It 
should be noted that the raw sample result was negative, indicating a matrix interference. This 
may be the cause of the low post digestion spike recovery. The spike level for the MS is higher 
than the post digestion spike and possibly negated the interference. 

Batch 17234: There were no notable issues with this batch; all QC requirements in the FSAP, 
SAP, and the QAPP were met. 

3.3 RADIOCHEMICAL ANALYSIS 
The holding time listed in the FSAP for radioactive isotopes is 6 months. SW846 does not 
address holding times for these analytes. All radiochemical analyses met the 6-month holding 
time. Holding time tables for these analytes have not been included in Attachment 2. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples. Sample B1YT98 was inadvertently analyzed twice. The sample with the 
highest 137Cs result (S09V000473) has been reported in Attachment 1. The other analysis results 
and raw data are contained in Appendix 2. The GEA analysis met all the required detection 
limits in the SAP. The laboratory was unable to meet any of the target detection limits. 

Batches 13909, 15005, 15098, 15100, and 15511: There were no notable issues with these 
batches, and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batches 15099: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the client indicated (see Attachment 5) the FSAP and SAP only requires one field 
duplicate per core hole. Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-90/89

Strontium-90/89 analysis was performed on a strong acid digest of all liner composite samples. 
Fifteen of the sample analyses met the required detection limit of 2.3 pCi/g listed in the FSAP or 
had results above the quantitation limit. Of the remaining ten samples, all but one achieved a 
detection limit between 2.3 pCi/g and 4.2 pCi/g. No detection limit exceeded the lowest action 
limit of 23 pCi/g in Table 5.2 of the SAP.
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Batches 16420, 16466, and 16485: There were no notable QC issues with these batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16482: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting error of 117%. All samples, except one, had results below the MDA. The 
sample result above the MDA was below the quantitation limit and has been flagged with a “B.” 
Because the result of the blank and the sample were below the quantitation limit, reanalysis was 
not performed. 

Batch 16610: The RPD between the sample and duplicate was 116%. The original digestates 
were reanalyzed with similar results. There was insufficient sample to perform a second 
preparation of the sample. A “c” flag has been applied to all samples in the batch. 

Batch 16776: The blank result displayed in Attachment 1 for sample S09V000509 
(<2.7E-6 �Ci/g), is different from that in the batch report (<1.95E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16776) while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which has now been analyzed twice. Currently, the Data Summary Report (Attachment 1) 
reports only one blank result; it is from the original batch. Additional programming is required to 
change this. The two blank results are essentially the same. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples. This method 
only measured the tritium in the samples which can be dissolved in water. This analysis achieved 
the required detection limit in the FSAP but could not meet the target detection limit. There were 
no notable issues with any of the tritium batches, and all QC requirements in the FSAP, SAP, 
and the QAPP were met. 

3.3.4 Selenium-79

The 79Se analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the target detection limit in the FSAP. No required detection limit was listed. 
No standard is currently available for 79Se. A cold carrier is used to monitor recovery and is 
measured gravimetrically. 

Batches 16105 and 16145: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batches 16188, 16194, and 16259: The preparation blanks for these batches demonstrated 
positive results below the quantitation limit, as did many of the samples. All results had very 
large counting errors and were below the target detection limit. Because of these factors, 
reanalysis was not required. The associated results have been flagged with a “B.” 

Batch 16409: The blank results displayed in Attachment 1 for sample S09V000509 
(<1.51E-6 �Ci/g) and S09V000666 (5.23E-6 �Ci/g) are different from that in the batch report 
(<2.2E-6 �Ci/g). This resulted from these samples being rejected and reanalyzed in a new batch 

Page 273 of 732



(16409), while the remaining samples in the original batch were reported from the original batch. 
Both batches share the same preparation blank, which has now been analyzed twice. The current 
Data Summary Report (Attachment 1) reports only one blank result; it is from the original batch. 
Additional programming is required to change this. The two blank results are essentially the 
same. Even though the original blank result for sample S09V000666 was positive, it had a 
counting uncertainty of 185%. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples. The 10-ft. to 
12-ft. interval from core hole C6404 did not retrieve sufficient liner material to produce a sample 
for this analysis. The analysis achieved the required detection limit in the FSAP but exceeded the 
target detection limit. This analysis will only detect water soluble forms of 14C. There were no 
notable issues with the batches, and all QC requirements in the FSAP, SAP, and the QAPP were 
met. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the required detection limit in the FSAP but exceeded the target detection limit 
of 30 pCi/g. Most samples had detection limits of between 50 pCi/g and 100 pCi/g.  

Batches 15697, 16267, 16282, and 16392: There were no notable issues with these 63Ni batches, 
and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16240: The preparation blank had a positive result slightly above the MDA with a 
counting error of 412%. All samples, except one, had results below the MDA. The sample result 
above the MDA was below the quantitation limit and has been flagged with a “B.” Because the 
results for the blank and the sample were below the quantitation limit, reanalysis was not 
performed. 

Batch 16551: The blank result displayed in Attachment 1 for sample S09V000509 
(<5.65E-5 �Ci/g) is different from that in the batch report (<4.98E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16551), while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which was analyzed twice. The current Data Summary Report (Attachment 1) reports only 
one blank result; it is from the original batch. Additional programming is required to change this. 
The two blank results are essentially the same. 

3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite 
samples. The required and target detection limits in the SAP were met.  

Batches 16203, 16246, and 16307: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16468: The preparation blank result was above the quantitation limit but below the target 
detection limit. The customer contact agreed (see Attachment 5) that since the result was below 
the target detection limit, reanalysis was unnecessary. One of the samples in this batch had a 
result above the quantitation limit but below the target detection limit. This result has been 
flagged with a “B.” The remaining sample results were nondetect. 

Batch 16496: The preparation blank result was above the quantitation limit but below the target 
detection. Since the sample results were all nondetect, reanalysis was not required. 

3.3.8 Americium-241, Curium-243/244, and Curium-242

Analysis for 241Am, 243/244Cm, and 242Cm was performed on a strong acid digest of all liner 
composite samples. For this analysis, there were no notable issues with any batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. The required detection limit in the 
SAP was met, and all but three samples met the target detection limit. 

3.3.9 Plutonium-238 and Plutonium-239/240 

Plutonium isotopic (238Pu and 239/240Pu) analysis was performed on a strong acid digest of all 
liner composite samples. For this analysis, there were no notable issues with any batches and all 
QC requirements in the FSAP, SAP, and the QAPP were met. The required and target detection 
limits in the SAP were met  

3.4 ORGANIC ANALYSES 

3.4.1 Volatile Organic Analysis 

The VOA was performed on all field samples by purge and trap. Field sampling, sample 
containers, and preservation followed SW846-5035. The soil samples were delivered in a 
freezer, in pre-weighed VOA vials with magnetic stir bars and approximately 5 g of sample. 
After receipt, the VOA samples were stored in a freezer. For each sample interval, an additional 
high level sample preserved in methanol was also received. These were not used because none of 
the results for the frozen samples were above the calibration range. The exact weight of the 
sample and the tare weight of the VOA vials were recorded by sampling personnel and delivered 
with the samples. Four liquid trip blank samples were also received and analyzed. The samples 
were preserved with either HCl or H2SO4 to a pH < 2. 

The holding time for all samples is 14 days. All samples but two meet the required holding time. 
Sample B1YTB2 (S09V000410), a soil sample, exceeded the holding time requirement by 
2 days. This was caused by a lack of facility resources (radiological control technicians), which 
was beyond the control of the analytical staff contractor at 222-S. The facility operator is 
addressing the issue by hiring additional facility support staff. Sample B1YY24 (S09V000493), a 
trip blank, was analyzed 1 day beyond the required holding time. This was due to an oversight by 
222-S analytical personnel. The laboratory believes that the affect of the holding time 
exceedance on sample results is minimal. A study by the Department of Energy and others have 
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shown that exceedances of less than 2 weeks produce no statistical difference and only a few 
compounds are affected for up to 6 weeks (see Reference Section). 

The VOA analysis met the target and required detection limits in the SAP with the following 
exceptions: for 2-nitropropane, one sample was slightly above the target detection limit; for 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, m,p-xylene, o-xylene, and TCE, two samples 
were slightly above the target detection limits. These detection limit exceedances were caused by 
a less than 5 g aliquot in the VOA vial. The laboratory cannot adjust the amount of sample when 
following SW846-5035 and must analyze them as received. 

Loss of Internal Standards, Spike Compounds, and Surrogates: During the VOA analysis of 
the C Farm soil samples, low recoveries of the internal standard and surrogates were frequently 
experienced. At times, the instrument produced no response at all for these monitoring 
compounds. The issue was extensively investigated and was isolated to only the C Farm soil 
samples. Liquid samples and laboratory prepared soil standards (using laboratory VOA vials and 
stir bars) were not affected. The C Farm soil samples were analyzed on different instruments, 
which eliminated instrumentation as the problem. The laboratory believes that this problem is 
related to the sample matrix and/or the oversized stir bars used by the client. Additionally, it was 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging. The problem was determined to be some type of blockage that impeded purge flow. The 
laboratory eventually developed a technique that provided improved results. This technique 
consisted of lightly shaking the VOA vial while monitoring purge flow with an in-line flow 
meter. The laboratory has requested that the client discontinue the use of the large stir bar and 
use different VOA vials.

The purpose of the internal standard is to compensate for fluctuation and drift in instrument 
response. The instrument responses for spikes, surrogates, or compounds found in the sample are 
adjusted base on their closest internal standard. A complete loss of internal standard undoubtedly 
invalidates the sample results. However, low internal standard recoveries do not necessarily 
mean that the data is unusable. SW846 only specifies minimum internal standard recovery 
requirements for the CCV, not the samples. While there are no regulatory limits for internal 
standard recoveries in a sample, there are practical limitations to the amount of fluctuation that 
can be tolerated before quantitation is affected. Typically that value is around the limits specified 
for the CCV (-50 to +100% drift). The further that the sample internal standards are from the 
established CCV limit, the more likely the quantitation is adversely affected. When internal 
standard recoveries fall outside these limits, surrogate recoveries may be used to evaluate any 
adverse effects on quantitation. On all samples exhibiting low internal standard responses, 
associated surrogate recoveries were evaluated to determine if the loss had significant effect on 
the reported results. Based on this evaluation, the laboratory believes that the VOA results 
contained in this report are useable. 

Samples and their associated MS and matrix spike duplicate (MSD) were initially analyzed 
together in a single analytical run. However, because of the frequent internal standard failures, 
many reanalyses were required. Due to the limited number of extra sample vials (five per 
sample), the reanalysis did not typically contain the original sample, MS, and MSD. 
Consequently, the analytical batches contained in this report have sample and associated QC 
results for different analytical runs, which were often on different days. The construction of 
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batches in this manner was necessary for the laboratory information management system to 
associate a sample and its MS/MSD pair. All information and data concerning the analysis and 
reanalysis are contained in the VOA section of Appendix B. 

The discussion below of the individual batches will not contain additional information 
concerning the low recoveries of internal standards. Detailed information for each sample is 
contained Appendix B.

Batch 14157: The method blank contained 1,2-dichloroethane and acetone below the estimated 
quantitation limit. Since the sample results were below the MDL for these compounds, reanalysis 
is not required. The LCS demonstrated a high recovery for acetone, 1-butanol, 2-butanone, and 
methyl isobutyl ketone (MIBK). Since these compounds were non-detect in the sample, 
reanalysis is not required. Sample results have been flagged with an “a.” 

Batch 14180: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15471: The RPD between the MS and MSD failed to meet the 30% requirement for 
acetone, 1-butanol, 2-butanone, and MIBK. Since the sample did not contain quantifiable 
amounts of these compounds, reanalysis was not necessary. However, the sample results were 
flagged with a “c” indicating a batch precision failure. The MS failed slightly high at 131% for 
2-butanone. Since this compound was not detected above the quantitation level, reanalysis was 
not required. The sample was flagged with a “b.” 

Batch 15472: The second method blank contained acetone below the estimated quantitation 
limit. Since the associated sample did not contain acetone above the estimated quantitation limit, 
reanalysis is not required. A “B” flag has been applied to the sample result. Toluene was present 
in the second method blank below the estimated quantitation limit. Since the associated sample 
results were below the MDL, the data was not affected. The first LCS demonstrated a high 
recovery for 1,1-dichloroethene, MIBK, acetone, and 2-butanone. Since these compounds were 
not detected in the samples above the estimated quantitation limit, reanalysis is not required. 
Sample results have been flagged with an “a.” The MS recovery for 1-butanol was above the 
30% requirement and a “b” flag has been added to the associated results. Since this compound 
was not detected in the associated samples, reanalysis was not required. The CCV %D exceeded 
the ±20% requirement for trichlorofluoromethane, 1,1-dichloroethene, carbon disulfide, acetone, 
and 2-butanone. All were above the expected value. Since all compounds were either not 
detected or below the estimated quantitation limit, the results were not affected and reanalysis 
not required. The CCV met the 15% average %D requirement. 

Batch 15474: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. The CCV for acetone 
exceeded the 20% %D requirement. Since the CCV was above the calibration amount and the 
sample was nondetect, reanalysis was not required. 

Batch 15476: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. 
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Batch 15477: The method blank contained acetone below the estimated quantitation limit. Since 
the associated samples did not contain acetone above the estimated quantitation limit, reanalysis 
is not required. All acetone results were slightly above the MDL and have been flagged with a 
“B.” The RPD between the MS and MSD exceeded the 30% requirement at 31% for 1-butanol. 
Since the samples were nondetect for this compound, reanalysis was not required. A “c” flag was 
added to the associated sample results. The CCV for acetone exceeded the 20% %D requirement. 
Since the CCV was above the calibration amount and the samples were below the estimated 
quantitation limit, reanalysis was not required.  

Batch 15479: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15491: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477.

Batch 15492: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477, and the MS/MSD for core 
hole C6402 is in batch 15471.

Batch 15493: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15503: The method blank contained acetone below the estimated quantitation limit. Since 
associated samples did not contain acetone above the estimated quantitation limit, reanalysis is 
not required. Two samples contained acetone at slightly above the MDL and have been flagged 
with a “B.” The method blank contained toluene below the estimated quantitation limit. Since 
associated samples did not contain toluene above the MDL, reanalysis was not required. 

Batch 15525: The CCV %D for 1-butanol was slightly high at 20.6%. Since the sample did not 
contain 1-butanol above the MDL, the result was not adversely affected. Since the client only 
required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. 
The MS/MSD for core hole C6404 is in batch 15674. 

Batch 15671: The CCV associated with the field samples and the MSD for sample B1TY75 
(S09V000125) had a %D of -23% for 1-butanol. This could indicate that positive results for 
1-butanol could be biased low. A laboratory-defined “Y” flag has been applied to these results. 
1-butanol was not detected in these samples. Additionally, the MSD was recovered at 90%, 
indicating that the low CCV had minimal affect on the results. The CCV associated with the 
MS/MSD for sample B1YT72 (S09V000124) and MS for sample B1YT75 (S09V000125) had a 
%D of -30% for 1-butanol. The recoveries for the field quality control samples were within the 
required 70% to 130%, indicating that the low CCV had minimal effect on the analysis results. 
The average %D was less than 15%, which meets the SW-846 requirement.
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Batch 15673: The CCV %D exceeded the 20% limit for acetone. Acetone was recovered above 
the expected calibration value. This could indicate a high bias for acetone sample results. Since 
the sample result for acetone was below the estimated quantitation limit, reanalysis was not 
required and the data was not affected. The method blank contained acetone and toluene below 
the estimated quantitation limit. The sample contained acetone below the estimated quantitation 
limit and was nondetect for toluene. Since all results (blank and sample) were below the 
estimated quantitation limit, reanalysis was not required. Since the client only required an 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6400 is in batch 15503. 

Batch 15674: The CCV had a %D at -21% for 1-butanol. This could indicate that positive results 
for 1-butanol could be biased low. A laboratory defined “Y” flag has been applied to these 
results. 1-butanol was not detected in these samples. The LCS and MS/MSD recoveries were 
within the required limits, indicating that the low CCV had minimal effect on the analysis 
results. The average %D was less than 15%, which meets the SW-846 requirement.

Batch15785: The LCS recoveries for 1-butanol, 2-butanone, MIBK, and acetone were above the 
required 130%. The sample did not contain these compounds above the MDL, so the results were 
not affected. The method blank contained toluene below the estimated quantitation limit. Since 
the associated sample did not contain toluene above the MDL, reanalysis was not required. The 
CCV %D for 1-butanol was slightly high at 20.1%. Since the sample did not contain 1-butanol 
above the MDL, the result was not adversely affected. Since the client only required and 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6404 is in batch 15674. The average %D was less than 15%, which 
meets the SW-846 requirement. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples except B20XV5 and B20XW3. These samples were not analyzed 
based on the client’s instructions. Each extract was analyzed twice using two separate calibration 
curves to provide calibrated results for all compounds listed in the FSAP and SAP. All holding 
times were met except for the extraction of sample B20XV9 (S09V000742). This was caused by 
failure to assign the test during log-in. 

Ten of the twenty-two samples contained a low level of bis (2-ethylhexyl) phthalate, which was 
not detected above the MDL in the method blanks. Additionally, low levels of 
di-n-butylphthalate were detected in four samples and was present in the method blank 
associated with two of the samples. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination could also be the 
source. If laboratory contamination is present, it will usually appear in the method blank. Due to 
the prevalence of low level phthalate contamination in the environment, it can be hard to 
determine the source of low level results. Equipment blanks can help isolate the source of 
phthalates, but no equipment blanks were analyzed with these samples. One possible source of 
phthalate could be the red plastic end caps used with the liners. It is the laboratory’s opinion that 
the use of these end caps should be discontinued. 

Page 279 of 732



The SVOA analysis met the required and target detection limits with two exceptions: 

� The adjusted MDLs for cyclohexanone were above the 0.5mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.5 mg/kg an 0.7 
mg/kg. The adjusted MDLs for di-n-butyl-phthalate were above the target detection limit 
of 0.33 mg/kg. The analysis achieved a detection limit of between 0.5 mg/kg and 0.7 
mg/kg for this compound. 

� LCS, MS, and MSD recoveries were compared against the laboratory’s statistical process 
control (SPC) limits, as required by SW-846. The use of SPC limits is allowed in the 
FSAP, SAP, and QAPP. 

Batches 14181, 14528, 14529, and 15811: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met.  

Batch 14169: The surrogate terphenyl-d14 was recovered below the laboratories SPC limits of 
75% to 175% at 62%. It is the laboratory’s opinion that this is not a particularly low recovery 
and the usability of the associated results was not affected. The SPC limits appear to be biased 
high. SPC limits are currently under review and will be updated. This bias is expected to be 
corrected. All other QC requirements were met. 

Batch 14527: Di-n-butylphthalate was detected in the method blank below the quantitation limit. 
However, the blank result exceeded 5% of the associated sample results. These results have been 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. No MS or MSD was analyzed with this batch. Since the client only 
required that an MS and MSD be analyzed once per core hole (see Attachment 5), this 
requirement was met in batch 14529. All other QC requirements were met. 

Batch 14580: For two samples, the surrogate terphenyl-d14 was recovered below the 
laboratory’s SPC limits of 75% to 175% at 64% and 58%. It is the laboratory’s opinion that this 
is not a particularly low recovery and the usability of the associated results was not affected. The 
SPC limits appear to be biased high. SPC limits are currently under review and will be updated. 
This bias is expected to be corrected. All other QC requirements were met. 

Batch 15509: All QC requirements were met. However, a large cyclohexene peak was detected 
during the second analysis of the samples. Since the TICs were reported from the 1st analysis 
only, this peak has not been reported. The laboratory believes that the cyclohexene was present 
in the methylene chloride used for the extraction. 

3.4.3 Tentatively Identified Compounds 

Unassigned peaks or TICs were treated as follows. Standards were obtained and analyzed for 
each secondary analyte identified in the SAP. This data was accumulated in the Hanford library. 
Following analysis, the largest TICs with instrument responses greater than 10% of the response 
of the nearest internal standard were evaluated and compared to the Hanford library. The 
estimated concentration of these TICs was calculated using measured response factors from the 
Hanford library compound list. 
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After comparison to the Hanford library, remaining unknowns were compared to the National 
Institute of Standards and Technology (NIST) 02, HP Mass Spectral (compound) Libraries. The 
estimated concentration of compounds identified from the NIST library was calculated based on 
an arbitrary response factor of 1.0. If the compounds were not identified as a result of this 
comparison, they were reported as “unknown.” Summaries of the SVOA and VOA TICs from 
the field samples and method blanks are provided in Attachment 4. TICs found in the field 
samples and which were present in the associated batch method blank have been flagged with 
“B.”

4.0 PROCEDURES

Table 2 lists the analytical procedures used for analysis of the C-Farm samples.  

Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

Cyanide LA-695-103, Rev. I-0, J-0 (SW-846 
9010C) 

LA-695-103, Rev. I-0, J-0 
(SW-846 9014) 

Sulfide LA-361-101, Rev. D-0 (SW-846 
9030B) 

LA-361-101, Rev. D-0 
(SW-846 9215) 

pH Direct LA-212-105, Rev. G-0 
(SW-846 9045D) 

Mercury – Cold Vapor 
Atomic Absorption 

LA-325-106, Rev. G-0 (SW-846 
7470A, 7471A) 

LA-325-106, Rev. G-0 
(SW-846, 7470A, 7471A) 

Ammonia – IC LA-544-112, Rev. D-0 LA-533-101, Rev. O-0 
Anions & Organic Acids – IC LA-504-101, Rev. L-0 LA-533-115, Rev. J-0 
Metals – ICP /AES LA-505-163, Rev. F-0 (SW-846 

3050B) 
LA-505-161, Rev. I-0, J-0a 
(SW-846 6010C) 

99Tc, 126Sn – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Metals – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-103, Rev. A-0 
(SW-846 6020A) 

Actinides – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Radiochemical Analyses 
GEA Direct LA-548-121, Rev. I-0 
90Sr – Separation/Beta 
counting

LA-544-101, Rev. F-0 LA-220-101, Rev. I-0 

Tritium – LSC LA-504-101, Rev. L-0 LA-218-114, Rev. F-0 
14C – LSC LA-504-101, Rev. L-0 LA-348-104, Rev. H-0 
79Se – Separation/LSC LA-544-101, Rev. F-0 LA-365-102, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA LA-544-101, Rev. F-0 LA-378-105, Rev. C-0 
241Am, 243/244, 242Cm – 
Separation/AEA

LA-544-101, Rev. F-0 LA-953-104, Rev. H-1 

239/240, 238Pu – Separation/AEA LA-544-101 Rev. F-0 LA-953-104, Rev. H-1 
Organic Analyses 

VOC – GC-MS Direct LA-523-118, Rev. G-0 
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Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
SVOC – GC/MS LA-523-138, Rev. F-0 (SW846-

3540C)
LA-523-135, Rev. C-0 
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Appendix 5 

Data Validation Supporting Documentation 
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WMA C VSR10-013
4-28-2010222-S LaboratoryCarl Schloesslin

20090160

X

Soil samples B1YT71, B1YT74, B1YT77, B1YT80, B1YT83

None

EPA 200.8 
ICP/MSX
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None
MB Detections: ICP-AES Batch 16229: Ca 12.2 ug/g; ICP-MS Batch 16341: Sn-117 9.07 E-04 ug/mL; 
ICP-MS Batch 15762: Th-232 0.00628 ug/g; ICP-MS Batch 16171: Th-232 0.0258 ug/g, U-235 1.07E-04 ug/g, 
U-238 0.0268 ug/g; ICP-MS Batch 16927: Ag 0.0414 ug/g, Cd 0.0140 ug/g, Tl 0.0138 ug/g, Ni 0.064 ug/g; 
ICP-MS Batch 17063: Tl 0.102 ug/g; ICP-MS Batch 17222: Se 0.399 ug/g  

ICP-AES Batch 15041: Si MS %R = 311%, Ta MS %R = 42% 
ICP-MS Batch 16341: Sn-117 LCS %R = 142% 
 
Note:  For ICP-MS, all radionuclides not spiked in LCS and MS but were represented by other isotopes.  For 
example, stable isotope Sn-117 represents radioactive isotope Sn-126.

Carl
Rectangle
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None
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ICP-MS Batch 16927: Samples B1YT71, B1YT74, B1YT77 and B1YT80 analyzed on 11-13-2009 
ICP-MS Batch 17063: Sample B1YT83 analyzed on 12-08-2009 
ICP-MS Batch 17222: Sample B1YT83 analyzed on 12-23-2009 
CVAA Batch 14538: Samples B1YT80 and  B1YT83 analyzed on 6-10-2009 
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MDLs > CRDLs [or Target Detection Limits (TDLs) when CRDLs not provided in the SAP].  The following 
lists associated non-detected sample results only since MDLs > CRDLs/TDLs are not an issue for detected 
results.  All values are in ug/g. 
  
B1YT71 - Mo 20.2 (CRDL = 4), U 101 (CRDL = 0.5), Se 0.25 (CRDL = 0.03) 
  
B1YT74 - U 20.1 (CRDL = 0.5), Se 0.25 (CRDL = 0.03) 
  
B1YT77 - U 20.1 (CRDL = 0.5), Se 0.25 (CRDL = 0.03) 
  
B1YT80 - U 20.1 (CRDL = 0.5), Se 0.25 (CRDL = 0.03) 
  
B1YT83 - U 18.7 (CRDL = 0.5), Se 0.23 (CRDL = 0.03) 
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Date:  28 April 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: General Chemistry - Sample Data Group (SDG) 20090160 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDG 20090160 prepared by 222-S 
Laboratory.  A list of samples validated along with the analytical methods is provided in the 
following table. 
 

Sample ID Sample Date Media Validation Level Analytical Methods 
B1YT71 4/14/2009 Soil C See note 1 
B1YT74 4/21/2009 Soil C See note 1 
B1YT77 4/22/2009 Soil C See note 1 
B1YT80 4/30/2009 Soil C See note 1 
B1YT83 4/30/2009 Soil C See note 1 

1 – 300.7 (ammonium), 9014 (total cyanide), 9045 (pH), 9056 (anions) and 9215 (sulfide) 
 
Data validation was conducted in accordance with the CHPRC validation statement of work and 
the Field Sampling and Analysis Plan for Sites P and L at Waste Management Area C, RPP-
PLAN-40564, Rev. 0 (SAP).  Appendices 1 through 6 provide the following information as 
indicated below: 
 
Appendix 1. Glossary of Data Reporting Qualifiers 
Appendix 2. Summary of Data Qualification 
Appendix 3. Annotated Laboratory Reports 
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation 
Appendix 5. Data Validation Supporting Documentation 
Appendix 6. Additional Documentation Requested By Client 
 
DATA QUALITY OBJECTIVES
 
� Holding Times and Sample Preservation 
 
Holding times are calculated from Chain-of-Custody forms to determine the validity of the 
results.  The holding time requirements are as follows: 
 
� All anions – analysis within 48 hours of sample preparation 
� Ammonium – analysis within 28 days of sample collection 
� pH – analysis as soon as possible after sample collection 
� Sulfide – analysis within 7 days of sample collection 
� Total cyanide – analysis within 14 days of sample collection 
 
Sample preservation requires chilling to 4 degrees Celsius. 
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The samples were extracted and analyzed within the prescribed holding times and properly 
preserved with the following exceptions. 
 
For total cyanide analysis, sample B1YT71 was analyzed beyond the holding time but within 2X 
the holding time.  The cyanide result for this sample was a non-detect and should be qualified as 
an estimate and flagged “UJ.” 
 
All samples were analyzed for pH between 2 days and 17 days after sample collection.  All pH 
sample results should be qualified as estimates and flagged “J.” 
 
� Blanks

The blank data results are reviewed to assess the extent of contamination introduced through 
sampling, sample preparation, and analysis. 

Laboratory Blanks
 
All laboratory blank results were acceptable with the following exceptions. 
 
For anions batch 16700, the nitrate and nitrite laboratory blank results were > the MDLs.  The 
nitrate results for all samples were detects >5X the blank result and should not be qualified.  The 
nitrite results for all samples were detects <5X the blank result and should be qualified as non-
detect estimates and flagged “UJ.” 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
No equipment blanks were submitted for analysis. 
 
� Accuracy

Accuracy is evaluated by reviewing matrix spike sample results and laboratory control sample 
results.  According to the SAP, the laboratory control sample accuracy limits are 80% to 120%, 
and the matrix spike sample accuracy limits are 75% to 125%.  The limits for reported analytes 
not listed in the SAP are specified by the DV procedure. 
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Matrix Spike (MS) Samples
 
All MS recoveries were acceptable. 
  
Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable. 
 
� Precision 

Precision is evaluated by reviewing laboratory duplicate sample results, field duplicate sample 
results, and field split sample results.  These QC results provide information on the laboratory 
reproducibility and whether sampling activities are adequate to acquire consistent sample results.  
According to the SAP, the relative percent difference (RPD) limits are �30%.  The limits for 
reported analytes not listed in the SAP are specified by the DV procedure.  When duplicate 
RPDs exceed the limits and have associated results <5X the SAP required detection limits (or 
<5X the target detection limits when required detection limits are not provided) with differences 
<2X the required/target detection limits no precision infraction occurred. 

Laboratory Duplicate Samples
 
All laboratory duplicate results were acceptable. 
 
Field Duplicate Samples
 
No field duplicates were submitted for analysis. 
 
Field Split Samples
 
No field splits were submitted for analysis. 
 
� Detection Limits 
 
Reported MDLs are compared against the contractually required detection limits (CRDLs) to 
ensure that laboratory detection limits meet the required criteria. 
 
All reported sample MDLs were below the CRDLs [or Target Detection Limits (TDLs) when 
CRDLs were not provided in the SAP] with the following exceptions.  Note, the following lists 
associated non-detected sample results only since MDLs > CRDLs/TDLs are not an issue for 
detected results. 
 
For sample B1YT77, the sulfide MDL was slightly > the TDL. 
For all samples, the cyanide MDLs were > the TDL. 
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� Completeness 
 
SDG 20090160 was submitted for validation and verified for completeness.  Completeness is 
based on the percentage of data determined to be valid (i.e., not rejected).  The completion 
percentage was 100%. 
 
MAJOR DEFICIENCIES
 
None found. 
 
MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of results as estimates were due to holding time 
infractions and laboratory blank infractions.  See the table in Appendix 2 for a listing of all 
affected sample results. 
 
REFERENCES
 
HNF-20433, Rev. 0, Data Validation Procedure for Chemical Analyses, June 2004.  
 
RPP-PLAN-40564, Rev. 0, Field Sampling and Analysis Plan for Sites P and L at Waste 
Management Area C, March 2009. 
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Appendix 1 

Glossary of Data Reporting Qualifiers 
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Qualifiers that may be applied by data validators in compliance with the CHPRC statement of 
work are as follows: 
 
� U � The constituent was analyzed for and was not detected.  The data should be considered 

usable for decision-making purposes. 
 
� UJ � The constituent was analyzed for and was not detected.  Due to a quality control 

deficiency identified during data validation the value reported may not accurately reflect the 
MDL.  The data should be considered usable for decision-making purposes. 

 
� J � Indicates the constituent was analyzed for and detected.  The associated value is 

estimated due to a quality control deficiency identified during data validation.  The data 
should be considered usable for decision-making purposes. 

 
� UR � Indicates the constituent was analyzed for and not detected; however, due to an 

identified quality control deficiency the data should be considered unusable for decision-
making purposes. 

 
� R � Indicates the constituent was analyzed for and detected; however, due to an identified 

quality control deficiency the data should be considered unusable for decision-making 
purposes. 
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Appendix 2 

Summary of Data Qualification 
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General Chemistry Data Qualification Summary 
SDG: 20090160 Reviewer: AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

Cyanide UJ B1YT71 
Analysis beyond the holding 

time but within 2X the 
holding time 

pH J 
B1YT71, B1YT74, 
B1YT77, B1YT80, 

B1YT83 

Analysis beyond the holding 
time 

Nitrite UJ 
B1YT71, B1YT74, 
B1YT77, B1YT80, 

B1YT83 

Laboratory blank 
contamination 

 
Comments: None 
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Appendix 3 

Annotated Laboratory Reports 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C6392, C6400, C6402 C6404, AND C6406 

IN SUPPORT OF RCRA SOIL CHARATERICZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between March 11th and June 15th, 2009. The samples were analyzed in accordance with RPP-
PLAN-40564, Field Sampling and Analysis Plan for Sites P and L at Waste Management Area 
C, (FSAP); RPP-PLAN 3877, Sampling and Analysis Plan for Phase 2 Characterization of 
Vadose Zone Soil in Waste Management Area C (SAP); ATL-MP-1011, ATL Quality Assurance 
Project Plan for 222-S Laboratory (QAPP); Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods (SW-846); and the additional guidance given by the client’s point of 
contact.

Because the 222-S Laboratory Facility was designed to analyze hazardous and complex tank 
waste samples, most SW-846 test methods performed at the 222-S Laboratory contain deviations 
that are listed in an appendix in the analytical procedures. All known deviations or variances 
from SW-846 are documented in this narrative. The following attachments are included in this 
report.

Attachment 1 Data Summary Report
Attachment 2 Sample Breakdown Diagrams 
Attachment 3 Holding Time Report 
Attachment 4 Tentatively Identified Compounds (TIC) for Organic Analyses 
Attachment 5 Correspondence
Attachment 6 Receipt Paperwork 

This report also contains the following appendices. 

Appendix A Geologic Report 
Appendix B Analytical Raw Data 

2.0 SAMPLE RECEIPT AND BREAKDOWN 

2.1.1 Sample Receipt 

A total of 25 core intervals from five core holes along with two equipment blanks and three trip 
blanks were received by 222-S beginning March 11th and ending June 15th, 2009. The samples 
were delivered in a cooler with ice or, in the case of the volatile organic samples, in a freezer. 
The temperature of a randomly selected sample from each cooler or freezer was measured and 
recorded on the chain of custody. Laboratory sample receipt personnel failed to record the 
receipt temperature for four core intervals: 
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� C6404 - 6 ft. to 8 ft
� C6404 - 10 ft. to 12 ft.
� C6406 - 54.5 ft. to 56.5 ft.
� C6406 - 59 ft. to 61 ft.

This was caused partially by the confusion from the delivery of multiple core projects at the 
same time and failure of laboratory personnel to follow the sample receipt procedure. These 
issues have been addressed and corrective measures have been taken. Many of the samples 
received were outside the required temperature ranges. This was due to the fact that these 
samples had not been in the cooler or freezer long enough to reach equilibrium. This can be 
verified, in most cases, by comparing the receipt time with the sampling time. The cooler and 
freezer walls were sometimes measured and were within the required temperature range. This 
temperature was not generally recorded since this measurement is not called out in the 
procedure. For future projects, the temperature of a temperature blank or the side of the cooler or 
freezer will be measured and recorded as described in SW-846.  

2.1.2 Sample Breakdown 

The laboratory received each core interval as a set of volatile organic analysis (VOA) samples 
and three liner samples, when complete core recovery was obtained. Nine core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The liner samples from each core 
interval were extruded, described, and composited by the Washington River Protection 
Solutions, Inc. (WRPS) geologist. The geologist’s report is included in Appendix A. Provided 
sufficient samples existed, the composite for each core interval was analyzed as described in the 
SAP and FSAP. WRPS shipped a subsample of each composite to an offsite laboratory, when 
sufficient sample was available. The results of these analyses are not discussed in this report. 

The 10-ft. to 12-ft. interval from core hole C6404 consisted of only VOA vial samples. No core 
liners were received for this interval. A limited suite for radiochemical analyses was performed 
using the methanol-preserved VOA sample. No other analyses were performed. 

3.0 ANALYTICAL RESULTS SUMMARY 

The Data Summary Report (Attachment 1) presents the final analytical results for those analytes 
requested in the SAP and FSAP. Secondary analytes are only reported if detected. The TIC from 
gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic compounds 
(SVOC) is presented in Attachment 4. In addition to the required isotopes, all isotopes with 
positive gamma energy analysis (GEA) results were reported. 

The “Det Limit” column in Attachment 1 contains the method detection limit (MDL) for non-
radionuclide analyses, or the minimum detectable activity for radionuclides. 

In Attachment 1 the column labeled “A#” indicates the aliquot class or the method used for 
sample preparation before analysis. For solid samples, the aliquot classes are defined as follows: 
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“A” indicates samples that were prepared by SW846-3050B.
“E” indicates samples that were prepared by a strong acid digest. 

“O” indicates samples that were extracted for organic analysis. 

“S” indicates samples that were prepared by a distillation. 

“W” indicates samples that were prepared by a water digest. 

Samples without a letter identifier in the “A#” column were analyzed directly with no separate 
preparation or with sample preparation performed as a part of the procedure steps. 

The “Qual Flags” column in Attachment 1 contains data qualifier flags that are defined as 
follows: 

“B” is used to indicate that the analyte was detected in the method or preparation blank 
and in the sample, and the result for the blank was greater than 5% of the reported sample 
result. 

“J” indicates that the reported result should be considered an estimate because it is below 
the quantitation limit. The “J” flag is applied to sample concentrations that are greater 
than the MDL but less than the quantitation limit or sample activity with a counting 
uncertainty greater than 30%.

“N” indicates a TIC which has been named. 

“Q” indicates that the result is qualitative only. 

“T” indicated a TIC. 

“U” indicates that the reported result is less than the calculated detection limit. 

“Y” indicates that the percent difference (%D) for the continuing calibration verification 
standard (CCV) was greater than -20%. 

“X” indicates that the initial calibration verification (ICV) standard was outside the range 
specified in the QAPP. 

“a” indicates that the laboratory control sample (LCS) was outside of the specified range 
in the QAPP or SAP. 

“b” indicates that the matrix spike (MS) was outside of the specified range in the QAPP 
or SAP. 

“c” indicates that the relative percent difference (RPD) between the sample and the 
duplicate is greater than 30%. 

“e” indicates that the %D between the sample result and the serial dilution exceeded 
10%.

“f” indicates that the MS failed and the serial dilution passed. 

Manual calculations using rounded results from the Data Summary Report or result calculation 
forms may differ slightly from the actual results derived from the raw data. 
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3.1 SAMPLE DIGESTIONS 

3.1.1 Radiochemistry Strong Acid Digestion 

Strong acid digestions with a hot plate for the heat source were performed using a mixture of 
concentrated nitric and hydrochloric acids. For each digest, approximately 10 grams of sample 
were digested, filtered, and diluted to a final volume of 100 or 125 mL. This digestion was used 
for all radiochemical analyses except tritium, 14C, and 129I. This digestion is a leach of the acid 
soluble species only. 

3.1.2 SW846-3050B - Acid Digestion-Heating Block 

This acid digestion follows SW846-3050B using a heating block and nitric and hydrochloric 
acids. Approximately 0.25 g of sample was digested. All heating-block digestions were filtered 
and diluted to a final volume of 50 mL. In soil, this digestion is a leach of the acid soluble 
species only. This digestion was used for all inductively coupled plasma/mass spectrometry 
(ICP/MS) and inductively coupled plasma/atomic emission spectroscopy (ICP/AES) analyses 
except for 99Tc and isotopic tin (117Sn and 126Sn) analysis. The digestion is modified for the 99Tc
analysis by using only nitric acid. This is done to eliminate the possibility of the formation a 
zinc-chlorine ion pair of mass 99. The laboratory believes this ion, when present, is responsible 
for low level false positives. 

3.1.3 Water Digestion 

A water digestion or leach was prepared for the anions by ion chromatography, 14C, and tritium 
analyses using approximately 0.25 to 4 g of sample diluted to 25 mL. Sonification was used, and 
the leachate was then filtered. In soil, this digestion is a leach of the water soluble species only. 

3.2 INORGANIC ANALYSES

3.2.1 Cyanide

The cyanide analysis was performed on direct subsamples of the liner composite samples. All 
analyses met the SW846 holding time of 14 days except for sample B1YT71 (S09V000171). The 
holding time was missed due to the need for reanalysis, which was caused by quality control 
(QC) failures during the first analysis. The sample was initially analyzed within the holding time, 
but the final analysis, which passed all QC requirements, was 1 day past the holding. The sample 
result was the same for both analyses. The laboratory believes there was no effect on the final 
result from this missed holding time. There was no required reporting limit in the SAP for 
cyanide. The target detection limit was 0.5 �g/g, which is at least an order of magnitude lower 
than the current laboratory method (lachet micro-distillation) can reach.

3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples. All analysis 
met the SW846 holding time of 7 days except for samples B1YT92 (S09V000382), B1YTH1 
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(S09V000626), and B1YTH3 (S09V000642). The first holding time was missed due to the lack 
of analytical personnel resources. The other two missed holding times were caused by the 
inability of the analytical personnel to access the laboratory due the lack of facility support, 
which is beyond the control of analytical personnel and their management. There was no 
required reporting limit in the SAP for sulfide. The target detection limit was 5 �g/g. Three 
sample results had adjusted MDLs of 5 �g/g. The rest were between 6��g/g and 8 �g/g.

Batches 13951, 13952, 14332, 14517, 14598, and 14778: There were no notable issues with 
these batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14184: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 36%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14354: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 32%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

3.2.3 pH Analysis 

The pH analysis was performed on the liner composite samples. These analyses met all QC 
requirements in the FSAP, SAP, and QAPP. The FSAP lists a pH holding time requirement of 
“as soon as possible.” All pH measurements were taken immediately after the water leach was 
performed, but the sampling to analysis date varied from 2 to 20 days (see Attachment 3). There 
is no correlation between pH results and days to analysis, and the results fall within an expected 
range for alkaline soils. This indicates that the large variation in time has no apparent effect on 
the results. However, the client’s expectation was that analysis would be performed within 
14 days. For future projects, the analysis will be performed in less time. 

3.2.4 Mercury

Analysis for mercury was performed on digested subsamples of the liner composite samples. All 
results met the QC requirements in the FSAP, SAP, and QAPP. All analyses met the holding 
time of 28 days, except for samples B1YT80 (S09V000174), B1YT83 (S09V000175), and 
B1YT98 (S09V000392). This was apparently the result of an oversight error by the analytical 
staff. The laboratory is working on improvements in holding time expiration tracking. 

This analysis met the required and target detection limits except for three samples: B1YT71 
(S09V000171), B1YT74 (S09V000172), and B1YT77 (S09V000173). These sample results met 
the target detection limit of 0.2 mg/Kg but were twice the required detection limit of 
0.01 mg/Kg. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for NH4
+ was performed using a distillation preparation of the liner composite samples. 

The SAP lists an administrative holding time of 7 days. The laboratory believes that after 
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distillation and preservation, the holding is 28 days based on EPA drinking water and waste 
water holding times for preserved samples. There is no regulatory holding time limit 
promulgated for ammonium in soil. Four samples were analyzed outside of the administrative 
7-day holding time: B1YT71 (S09V000219), B1YT92 (S09V000425), B1YTH1 (S09V000632), 
and B1YTH3 (S09V000648). This was apparently the result of an oversight error by the 
analytical staff. The laboratory is working on improvements in holding time expiration tracking. 
These analyses met the target detection limit listed in the SAP. There was no required reporting 
limit in the SAP or FSAP for ammonium. 

Batches 14073, 14226, 14237, and 14498: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14301: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample, a “B” flag has been applied to the 
associated results. Since both the sample and the blank results were below the quantitation limit, 
reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were met for 
this batch. 

Batch 14710: Samples B1YTF4 (S09V000599) and B1YTF4 (S09V000615) were analyzed with 
an LCS and MS, which used a standard that was 2 days past the expiration date. Since the 
recoveries of the expired standards were within 95% to 100% of the expected value, and the 
analytical batch contained other valid standards with acceptable recoveries, it is the laboratory’s 
opinion that the data quality was not affected. Therefore, no reanalysis was requested. One of the 
two preparation blanks contained in this analytical batch had an ammonium result slightly above 
the MDL. Since the associated samples were non-detect, there is no effect on the data. All QC 
requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14840: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since the blank result was below the quantitation limit, reanalysis was 
not required. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14659: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since both the sample and the blank results were below the quantitation 
limit, reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were 
met for this batch. 

3.2.6 Ion Chromatography – Anions and Small Organic Acids 

Ion chromatography analysis was performed on a water digest of subsamples from all soil 
composite samples except for B20XV5. This was due to insufficient sample volume. This 
sample was the 6-ft. to 8-ft. interval from core hole C6402, which was a retake of the same 
interval in core hole C6404. The laboratory met all the required and target detection limits. All 
analyses were within the applicable holding time. All sample spikes used in this analysis are post 
digestion spikes. Current laboratory procedures and practice were developed for the analysis of 
concentrated waste, which typically does not include the use of predigestion spikes for this 
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analysis. The laboratory will change to predigestion spike for future projects. In general, these 
samples experienced multiple RPD failures in every batch. All samples were reanalyzed and 
little improvement was seen. Other analyses also experienced high RPDs. The exact cause of the 
IC failures is unknown at this time, but it is matrix related. The “c” has been applied to all 
samples in the batch, not just the sample used for the duplicate analysis. 

Batch 16700: Nitrite and nitrate were present in the preparation blank at levels below the 
quantitation limit; therefore, reanalysis was not required. Sample results have been flagged with 
“B” when appropriate. The RPD for formate and oxalate exceeded the required 30%. However, 
since the results for these analytes were below the quantitation limit, the criterion does not apply. 
The RPD for fluoride, acetate, sulfate, nitrate, and phosphate exceeded the 30% requirement, and 
results were all above the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16701: The preparation blank result for chloride was above the MDL but less than the 
quantitation limit. Therefore, the data quality was not affected and reanalysis was not required. 
The samples were “B” flagged as appropriate. The closing continuing calibration blank (CCB) 
result for formate was above the MDL but less than the quantitation limit. Therefore, the data 
quality was not affected and reanalysis was not required. The samples were “B” flagged as 
appropriate. The RPD for nitrite and oxalate exceeded the required 30%. However, since the 
results for these analytes were below the quantitation limit, the criterion does not apply. The 
RPD for sulfate, nitrate, and chloride exceeded the 30% requirement, and results were all above 
the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16744: The RPD for acetate exceeded the required 30%. Since the result for this analyte 
was below the quantitation limit, the criterion does not apply. The RPD for nitrite exceeded the 
30% requirement, and all results were above the quantitation limit. The sample results have been 
flagged with a “c.”  

Batch 17027: The RPD for oxalate and formate exceeded the required 30%. Since the result for 
these analytes were below the quantitation limit, the criterion does not apply. The RPD for 
acetate, nitrate, nitrite, and sulfate exceeded the 30% requirement, and results were all above the 
quantitation limit. The sample results have been flagged with a “c.”

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectroscopy 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples. In general, the ICP/AES analysis experienced repeated failures for the duplicate RPDs, 
serial dilutions, and matrix spike recoveries. The laboratory believes these failures are due to 
interferences from high levels of iron and aluminum, and sample inhomogeneity. This is 
supported by the fact that there were no post digestion spike failures. The interference from the 
iron and aluminum appeared to cause signal suppression in most cases. The impact of this 
interference could be reduced by reanalyzing the samples using smaller aliquots or greater 
dilution, but this would cause some primary elements to be reported as estimated or non-detected 
above the required detection limits. This was discussed with the client, who agreed that 
reanalysis would not improve the overall analytical results (see Attachment 5). Additionally, it 
was noted that some of the secondary analytes experienced LCS failures and that reanalysis was 
not required for secondary elements. In particular, the digestion method used, which was an acid 
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leach, does not produce consistent results for silicon. The amount of silicon leached from a 
highly siliceous material, like soil, is not consistent when using an acid leach. Also, the LCS 
recoveries are somewhat variable and may be related to the concentration and types of acid used. 
Silicon is not listed with other elements in SW846-3050B, section 1.1, under “Scope and 
Application” for the method. 

The ICP/AES analysis was unable to obtain the required detection limit for antimony, arsenic, 
cadmium, lead, nickel, selenium, silver, thallium, and vanadium. These elements have been 
reported from separate ICP/MS analyses. Additionally, some chromium and cobalt results were 
from these same ICP/MS analyses. Total uranium has been reported by the ICP/AES analysis but 
did not meet the required detection limits in the FSAP. Since the isotopic uranium analysis by 
ICP/MS met the required detection limit for 238U, the overall data usability was not affected. For 
all other metals reported by ICP/AES, all target and required detection limits were met or the 
results were above the quantitation limit, with the exception of one sample. Sample B1YT71 
from core C6392 failed to meet the required detection limit for molybdenum and the target 
detection limits for beryllium, copper, and molybdenum.  

Batch 15041: The low level standard (LLS) for potassium failed low at 69%. This indicates that 
results near the LLS could be biased low. Since all potassium results were near the mid-range of 
the calibration, the data was not affected by the low LLS recovery. The MS recoveries for 
aluminum, calcium, and iron failed to meet the FSAP criterion. Since the sample concentrations 
of these analytes exceeded four times the spike level, the MS recovery criterion does not apply. 
The MS recovery for silicon exceeded the ±25% criterion in the SAP and FSAP at 311%. The 
laboratory believes that the failure is due to the inconsistent leaching of silicon discussed 
previously. The associated sample results have been flagged with a “b.” 

Batch 16002: The MS recoveries for aluminum, calcium, iron, and magnesium failed to meet the 
FSAP criterion. Since the sample concentrations of these analytes exceeded four times the spike 
level, the MS recovery criterion does not apply. The MS recovery for sodium, tantalum, 
titanium, and potassium exceeded the ±25% criterion in the SAP and FSAP, and the results have 
been flagged with a “b.” The laboratory believes this is a result of matrix interference due to the 
high levels of other elements in these samples and sample inhomogeneity. This was discussed 
with the client (see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for 
tantalum was less than 1%. The laboratory believes this was due to an issue with the standard. 
Since tantalum is not a required analyte, reanalysis was not required. Zinc was detected in the 
preparation blank above the MDL but less than the quantitation limit. Since the result was less 
than 5% of the sample result, the data quality was not affected. 

Batch 16229: Calcium was present in the preparation blank but was less than 5% of the lowest 
sample result. The MS recoveries for aluminum, calcium, iron, silicon, titanium, and magnesium 
failed to meet the FSAP criterion. Since the sample concentrations of these analytes exceeded 
four times the spike level, the MS recovery criterion does not apply. The serial dilution for 
manganese and sodium failed the 10% requirement at 19% and 12%, respectively. The results 
have been flagged with an “e.” This could indicate that the parent sample result is biased low due 
to matrix interference. 
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Batch 16778: The ICV standard recovery for rubidium was outside the 90% to 110% criterion at 
112%. The sample results have been flagged with an “X.” Reanalysis was not required since 
rubidium is a secondary analyte. The results for palladium and rubidium in the CCBs and initial 
calibration standard (ICB) were above MDL but below the quantitation limits. A “B” flag was 
applied since the blank result was greater than 5% of the sample results. Reanalysis was not 
required because all results (blank and samples) were below the quantitation limit. The LLS for 
rubidium, potassium, and palladium exceeded the 130% recovery criterion at 237%, 134%, and 
137%, respectively. The palladium and rubidium results should be considered biased high. Since 
these are secondary analytes, reanalysis is not required. All potassium results are above the ICV 
and CCV level. Therefore, the slightly high recovery of the LLS does not impact the data quality. 
The LCS for silicon failed low at 52%. Silicon results should be considered biased low and are 
flagged with an “a.” The preparation blank results for calcium and zinc were above the MDL but 
below the quantitation limit and less than 5% of the sample result. Therefore, the sample results 
were not affected. The duplicate RPD for praseodymium exceeded the 30% requirement in the 
SAP and FSAP. Since the sample result was below the quantitation limit, this criterion does not 
apply. The MS recoveries for aluminum, calcium, iron, and magnesium were outside the ±25% 
requirement in the SAPs. However, since the sample results for these elements were more than 
four times the spike level, the criterion does not apply. The MS recoveries for sodium, 
potassium, rubidium, silicon, and titanium were outside the 75% to 125% requirement, so all 
associated sample results have been flagged with a “b.” The laboratory believes this is a result of 
matrix interference due to the high levels of other elements in these samples. The %D for the 
serial dilutions exceeded 10% for magnesium, phosphorous, silicon, and titanium. The laboratory 
believes this is a result of matrix interference due to the high levels of other elements in these 
samples. An “e” flag has been applied to these results. Since the post digestion spike passed, the 
serial dilution was not required, nor was reanalysis. However, these results do indicate matrix 
interference. 

Batch 16822: The mid batch CCB result for praseodymium was above the MDL but below the 
quantitation limit. All associated sample results were less than 20 times the CCB result and were 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. The initial calibration blank result for iron was above the MDL but 
less than the quantitation limit and much less than 5% of the sample results; therefore, the data 
quality was not affected. The LCS failed low for silicon and tungsten; since these were 
secondary analytes, reanalysis was not required. The affected sample results have been flagged 
with an “a.” The duplicate RPD for cerium, cobalt, europium, sulfur, and praseodymium 
exceeded the required 30%. Since the results were below the quantitation limit, this criterion 
does apply. The duplicate RPD for aluminum, calcium, copper, iron, magnesium, manganese, 
sodium, neodymium, phosphorous, strontium, titanium, yttrium, and zinc exceeded the 30% 
criterion, and the associated samples have been flagged with “c.” The laboratory believes that 
this particular failure is due to sample inhomogeneity. The serial dilution for silicon, magnesium, 
calcium, iron, and manganese exceeded the required 10% criterion. Since the post digestion 
spike passed, the serial dilution was not required, nor was reanalysis. However, these results do 
indicate matrix interference. The MS recovery for aluminum, calcium, iron, and magnesium 
exceeded the 30% requirement in the SAP and FSAP. Since the sample results were more than 
four times the spike concentration, this criterion does not apply. The MS recovery for 
phosphorous, potassium, sodium, and tungsten exceeded the 30% requirement in the SAP and 
FSAP. The laboratory believes this is a result of matrix interference due to the high levels of 
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other elements in these samples and sample inhomogeneity. This was discussed with the client 
(see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for cerium was 
less than 1%. The laboratory believes this was due to an issue with the standard. Since cerium is 
not a required analyte, reanalysis was not required. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy

The ICP/MS actinide analysis was performed on the SW846-3050 acid digestion of all liner 
composite samples. The ICP/MS 126Sn and 99Tc analysis was performed on the same digest, 
without the addition of the hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis 
because of the potential formation of a ZnCl ion pair with mass 99. 

Direct calibration, where a standard containing the isotope and element of interest is used to 
calibrate the response of the isotope, is the most accurate type of calibration. Standard material is 
not available for all the isotopes of interest. Those isotopes without available standards are 
calibrated using the instrument’s mass-response curve that is generated by using the 
intensity/concentration relationship for the available isotope standards. While the isotope results 
calibrated in this manner are designated “semi-quantitative” in the procedure, the differences in 
instrument response along the curve are generally small enough across the actinide mass range 
such that the results generated might be expected to be within similar uncertainties associated 
with quantitative results (i.e., those obtained directly against an isotope-specific standard). 

A similar approach is used to evaluate the recoveries of calibration checks, standards, and spikes. 
Just as all of the elemental isotopes of interest are not available for calibration, they are also not 
available for the various QC samples. Because the chemical properties of an element are the 
same for all of its isotopes, one elemental isotope can be used as a measure for other isotopes of 
interest. For example, by measuring the recovery of 238U in the various QC samples, the accuracy 
of the other uranium isotopes also can be evaluated. Table 1 lists the isotopes used for standards 
and spike samples for ICP-MS analyses. A response curve is derived using the slopes of the 
calibration lines of the available isotope standards. Slopes for the isotopes without available 
standards are then derived from the response curve, and results are calculated using the derived 
slopes. 

Table 1. Inductively Coupled Plasma-Mass Spectroscopy Standards and Spikes.

Standard Type Analytes Analyzed 
Initial calibration verification (nondigested) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Acid digest standard (laboratory control standard) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Predigest spike (MS) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Post-digest spike 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
No standard or spike of either type 126Sn, 230Th, 233U, 234U, 236U,

3.2.8.1 Technetium-99 and Tin-126 
The required detection limit listed in the SAP for 99Tc was met. The target detection limit for 
99Tc was not met. There were no required or target detection limits for 126Sn listed in the SAP. 
The FSAP lists a holding time of isotopic analytes as 6 months. All samples were initially 
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analyzed within the holding time. However, due to a required reanalysis, nine samples exceeded 
the holding time. The reanalysis was delayed by instrument repair, failure of the chemist review 
to recognize the need for reanalysis, and delayed third level review by the project manager. 
Additionally, Washington River Projection System’s management set the analytical priority of 
C Farm analysis behind other projects. Since the analytical results did not significantly change 
from the initial to the final analysis, the laboratory does not believe these exceedances affected 
the final results.

Batches 16639, 16734, and 16982: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16341: The preparation blank contained 117Sn below the quantitation limit. However, all 
samples in the batch were nondetect for 117Sn, so the data was not affected. The LCS for 117Sn
exceeded the required 120% at 141% and the associated results have been flagged with an “a.” 
This could indicate a high bias for these results. However, since the results for all samples were 
below the MDL, the data was not affected. The MS for 117Sn met the recovery requirements, 
demonstrating preparation batch accuracy to some degree. 

Batch 16865: The mid-run CCB contained 99Tc below the quantitation limit. All field samples in 
this batch demonstrated results below the MDL; therefore, the data was not affected. 

Batch 16970: All blanks contained a low level of 126Sn, and the preparation blank contained a 
low level of 126Sn and 99Tc. Since neither 126Sn or 99Tc were detected in the samples, the data 
quality was not affected and reanalysis was not required. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes and in all samples. The FSAP 
lists the holding time for isotopic analytes as 6 months. All samples were initially analyzed 
within the holding time. However, due to a required reanalysis, 11 samples exceeded the holding 
time. The reanalysis was delayed by instrument repair, failure of the chemist review to recognize 
the need for reanalysis, and a delayed third level review by the project manager. Additionally, 
Washington River Projection System’s management set the analytical priority of C Farm analysis 
behind other projects. Since the analytical results did not significantly change from the initial to 
the final analysis, the laboratory does not believe these exceedances affected the final results. 

Batch 15672: Neptunium-237 was detected in the mid-run CCB below the quantitation level. All 
affected samples have a similar result and have been flagged with a “B.” Since all 237Np results 
were below the quantitation level, reanalysis is not required. All blanks (CCB and preparation 
blanks) contained 232Th below the quantitation level and were less than 5% of the sample results. 
Therefore, the results were not affected and reanalysis was not required. The LLS for 235U was 
recovered above the 130% requirement at 131%. Since the lowest sample result was more than 
10 times the LLS level, the results were not affected. The RPD for 237Np exceeded the 30% 
requirement at 47%. Since the results were below the quantitation limit, this criterion does not 
apply. The closing CCB result for 238U was above the MDL but below the quantitation limit and 
less than 5% of the sample results; therefore, reanalysis was not required. 

Batch 16171: The preparation blank result for 235U was below the quantitation limit but less than 
5% of the lowest sample result. Therefore, no reanalysis was required and the data quality was 
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not affected. The preparation blank result for 232Th was above the quantitation limit but less than 
5% for the sample result; therefore, reanalysis was not required and the data quality was not 
affected. The preparation blank contained 238U above the quantitation level and was greater than 
5% of three of the sample results. However, since the sample results were below the TDL and 
above the quantitation limit, the client gave permission to report the data with a “B” qualifier 
(see Attachment 5). The ending LLS for 235U exceeded the 130% requirement at 133%. This 
could indicate a high bias for 235U results near the LLS level. However, the lowest sample result 
for 235U was approximately 80 times the LLS level and the data quality was not affected. 

Batch 16595: The preparation blank contained 238U and 235U above the quantitation level and 
was greater than 5% of all of the sample results in this batch. Since the sample results were 
above the quantitation level but below the TDL, the client gave permission to report the data 
with a “B” qualifier and narration of the issue (see Attachment 5). The preparation blank result 
for 233U was below the quantitation limit and greater than 5% of the sample results. Since both 
the sample results and the blank result were below the quantitation level, reanalysis was not 
required. The associated results have been flagged with a “B.” The preparation blank result for 
232Th was above the quantitation limit but less than 5% of the sample results; therefore, 
reanalysis was not required and the data quality was not affected. The ICB and CCBs contained 
232Th below the quantitation limit, which had no effect on the data quality. The RPD for 234U
exceeded the 30% requirement at 38%; since the sample result was below the quantitation limit, 
this criterion does not apply. 

Batch 17023: The closing LLS exceeded the 130% criterion for 232Th at 164%. However, all 
results were near the CCV level, which is 200 times the LLS. Therefore, the data quality was not 
affected. The RPD for 234U and 238U exceeded the 30% requirement; since the sample result was 
below the quantitation limit, this criterion does not apply. 

Batch 17024: The first CCB contained 235U at a level equal to the MDL; since it was below the 
quantitation limit, the data quality was not affected. The initial LLS exceeded the 130% for 232Th
criterion at 164%. However, all results were near the CCV, which is 200 times the LLS, and 
therefore, there was no effect on the data quality. The RPD for 234U exceeded the 30% 
requirement; since the sample result was below the quantitation limit, this criterion does not 
apply.

3.2.8.3 Trace Metals 
Antimony, arsenic, cadmium, lead, nickel, selenium, silver, thallium, and vanadium were 
analyzed by ICP/MS to obtain the required detection limits in the SAP. Additionally, some 
chromium and cobalt results were used from the ICP/MS analyses. Except for the required 
detection limit for selenium, all target and required detection limits were met or the sample 
results were above the quantitation limit and the sample detection limit criteria do not apply. The 
target detection limit for selenium was approximately an order of magnitude below the detection 
limit obtained by using ICP/MS. The laboratory does not anticipate reaching this detection limit 
for future projects. The FSAP lists the holding time of isotopic analytes as 6 months. All samples 
were initially analyzed within the holding time using ICP/AES. However, due to a required 
reanalysis, 23 samples exceeded this holding time. The reanalysis was delayed by instrument 
repair, failure of the chemist review to recognize the need for reanalysis, and a delayed third 
level review by the project manager. Additionally, Washington River Projection System’s 
management set the analytical priority of C Farm analysis behind other projects. Since the 
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analytes with results that could be compared (chromium, cobalt, nickel, and vanadium) did not 
significantly change from the initial ICP/AES to the final ICP/MS analysis, the laboratory does 
not believe these exceedances affected the final results. 

SW846-6020A requires that an interference check standard be used to determine possible 
isobaric or polyatomic ion interferences. The current laboratory procedure does not require the 
use of this standard, and it was not included in these analyses. However, interferences were 
mitigated by the use of the collision cell, or gas mode, of the instrument. This was used for 
arsenic and vanadium to mitigate chloride interference. Since the blank result for these elements 
were below the MDL, the mitigation appears to have been successful. The laboratory plans to 
use the required interference check standard for future projects. 

Batch 16927: The initial LLS recovered Cr at 152%. Since all chromium results were above the 
ICV/CCV level, the high recovery of the LLS does not affect data quality for chromium. The 
selenium recoveries for the LLS were outside the 70% to 130% requirement in SW846 at 167% 
for the initial LLS and 36% for the final LLS. The selenium concentration selected for the LLS 
was only slightly above the MDL and was determined to be too low. Some of the subsequent 
analyses used a more appropriate LLS level of selenium. The preparation blank contained silver, 
cadmium, thallium, and nickel above their MDLs but below the quantitation limits. All sample 
results, except for nickel, have been flagged with a “B” because the blank result was greater than 
5% of the sample results. Reanalysis was not required because the blank results were below the 
quantitation limits.

Batch 16990: The preparation blank and mid-run CCB results for thallium were above the MDL 
but less than the quantitation limit. Since the blank result was greater than 5% of all sample 
results, a “B” flag has been applied. Reanalysis was not required since the blank result was 
below the quantitation limit.

Batch 17021: The closing LLS for selenium was recovered at 202%. Since all sample results for 
selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for the LLS was at the MDL and was determined to be too low. Some of the subsequent 
batches used a more appropriate LLS concentration of selenium. The preparation blank result for 
selenium was above the MDL. However, since all sample results were below the MDL, the data 
quality was not affected. The closing CCV for silver was below the required 90% at 89.3%. This 
CCV bracketed only QC samples, all of which met requirements. Therefore, reanalysis was 
deemed unnecessary. The duplicate RPD for nickel exceeded the 30% requirement at 45%, and 
the associated results have been flagged with a “c.” The laboratory believes this is due to sample 
inhomogeneity, and with client agreement, reanalysis was not performed (see Attachment 5). 

Batch 17062: The LLS recoveries for selenium were 213% and 220%. Since all sample results 
for selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for this LLS, though higher than previously used, was determined to be too low. 
Subsequent analyses used a more appropriate LLS concentration of selenium. The preparation 
blank and closing CCB results for selenium were above the MDL. However, since all sample 
results were below the MDL, the data quality was not affected. The duplicate RPD for cadmium 
exceeded the 30% requirement at 33%. Since the sample result was below the quantitation level, 
this criterion does not apply. The duplicate RPD for lead, thallium, and vanadium exceeded the 
30% requirement at 47%, 59%, and 44%, respectively, and the associated results have been 
flagged with a “c.” Based on ICP/AES and other analyses, the laboratory believes this is due to 
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sample inhomogeneity and, with client agreement, no reanalysis was performed (see 
Attachment 5). 

Batch 17063: The preparation blank result for thallium was above the MDL but less than the 
quantitation limit. Since the blank result was greater than 5% of all sample results, a “B” flag has 
been applied. Reanalysis was not required since the blank result was below the quantitation limit.
The duplicate RPD for thallium exceeded the 30% requirement at 32%. Since the sample result 
was below the quantitation level, this criterion does not apply. 

Batch 17222: The preparation blank result for selenium was above the MDL. However, since all 
sample results were below the MDL, the data quality was not affected. 

Batch 17230: The post digestion spike failed low at 42% for selenium. However, since the MS 
met the required recovery criteria at 102%, a post digestion spike is not required (per SW846). It 
should be noted that the raw sample result was negative, indicating a matrix interference. This 
may be the cause of the low post digestion spike recovery. The spike level for the MS is higher 
than the post digestion spike and possibly negated the interference. 

Batch 17234: There were no notable issues with this batch; all QC requirements in the FSAP, 
SAP, and the QAPP were met. 

3.3 RADIOCHEMICAL ANALYSIS 
The holding time listed in the FSAP for radioactive isotopes is 6 months. SW846 does not 
address holding times for these analytes. All radiochemical analyses met the 6-month holding 
time. Holding time tables for these analytes have not been included in Attachment 2. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples. Sample B1YT98 was inadvertently analyzed twice. The sample with the 
highest 137Cs result (S09V000473) has been reported in Attachment 1. The other analysis results 
and raw data are contained in Appendix 2. The GEA analysis met all the required detection 
limits in the SAP. The laboratory was unable to meet any of the target detection limits. 

Batches 13909, 15005, 15098, 15100, and 15511: There were no notable issues with these 
batches, and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batches 15099: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the client indicated (see Attachment 5) the FSAP and SAP only requires one field 
duplicate per core hole. Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-90/89

Strontium-90/89 analysis was performed on a strong acid digest of all liner composite samples. 
Fifteen of the sample analyses met the required detection limit of 2.3 pCi/g listed in the FSAP or 
had results above the quantitation limit. Of the remaining ten samples, all but one achieved a 
detection limit between 2.3 pCi/g and 4.2 pCi/g. No detection limit exceeded the lowest action 
limit of 23 pCi/g in Table 5.2 of the SAP.
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Batches 16420, 16466, and 16485: There were no notable QC issues with these batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16482: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting error of 117%. All samples, except one, had results below the MDA. The 
sample result above the MDA was below the quantitation limit and has been flagged with a “B.” 
Because the result of the blank and the sample were below the quantitation limit, reanalysis was 
not performed. 

Batch 16610: The RPD between the sample and duplicate was 116%. The original digestates 
were reanalyzed with similar results. There was insufficient sample to perform a second 
preparation of the sample. A “c” flag has been applied to all samples in the batch. 

Batch 16776: The blank result displayed in Attachment 1 for sample S09V000509 
(<2.7E-6 �Ci/g), is different from that in the batch report (<1.95E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16776) while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which has now been analyzed twice. Currently, the Data Summary Report (Attachment 1) 
reports only one blank result; it is from the original batch. Additional programming is required to 
change this. The two blank results are essentially the same. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples. This method 
only measured the tritium in the samples which can be dissolved in water. This analysis achieved 
the required detection limit in the FSAP but could not meet the target detection limit. There were 
no notable issues with any of the tritium batches, and all QC requirements in the FSAP, SAP, 
and the QAPP were met. 

3.3.4 Selenium-79

The 79Se analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the target detection limit in the FSAP. No required detection limit was listed. 
No standard is currently available for 79Se. A cold carrier is used to monitor recovery and is 
measured gravimetrically. 

Batches 16105 and 16145: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batches 16188, 16194, and 16259: The preparation blanks for these batches demonstrated 
positive results below the quantitation limit, as did many of the samples. All results had very 
large counting errors and were below the target detection limit. Because of these factors, 
reanalysis was not required. The associated results have been flagged with a “B.” 

Batch 16409: The blank results displayed in Attachment 1 for sample S09V000509 
(<1.51E-6 �Ci/g) and S09V000666 (5.23E-6 �Ci/g) are different from that in the batch report 
(<2.2E-6 �Ci/g). This resulted from these samples being rejected and reanalyzed in a new batch 
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(16409), while the remaining samples in the original batch were reported from the original batch. 
Both batches share the same preparation blank, which has now been analyzed twice. The current 
Data Summary Report (Attachment 1) reports only one blank result; it is from the original batch. 
Additional programming is required to change this. The two blank results are essentially the 
same. Even though the original blank result for sample S09V000666 was positive, it had a 
counting uncertainty of 185%. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples. The 10-ft. to 
12-ft. interval from core hole C6404 did not retrieve sufficient liner material to produce a sample 
for this analysis. The analysis achieved the required detection limit in the FSAP but exceeded the 
target detection limit. This analysis will only detect water soluble forms of 14C. There were no 
notable issues with the batches, and all QC requirements in the FSAP, SAP, and the QAPP were 
met. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the required detection limit in the FSAP but exceeded the target detection limit 
of 30 pCi/g. Most samples had detection limits of between 50 pCi/g and 100 pCi/g.  

Batches 15697, 16267, 16282, and 16392: There were no notable issues with these 63Ni batches, 
and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16240: The preparation blank had a positive result slightly above the MDA with a 
counting error of 412%. All samples, except one, had results below the MDA. The sample result 
above the MDA was below the quantitation limit and has been flagged with a “B.” Because the 
results for the blank and the sample were below the quantitation limit, reanalysis was not 
performed. 

Batch 16551: The blank result displayed in Attachment 1 for sample S09V000509 
(<5.65E-5 �Ci/g) is different from that in the batch report (<4.98E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16551), while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which was analyzed twice. The current Data Summary Report (Attachment 1) reports only 
one blank result; it is from the original batch. Additional programming is required to change this. 
The two blank results are essentially the same. 

3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite 
samples. The required and target detection limits in the SAP were met.  

Batches 16203, 16246, and 16307: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16468: The preparation blank result was above the quantitation limit but below the target 
detection limit. The customer contact agreed (see Attachment 5) that since the result was below 
the target detection limit, reanalysis was unnecessary. One of the samples in this batch had a 
result above the quantitation limit but below the target detection limit. This result has been 
flagged with a “B.” The remaining sample results were nondetect. 

Batch 16496: The preparation blank result was above the quantitation limit but below the target 
detection. Since the sample results were all nondetect, reanalysis was not required. 

3.3.8 Americium-241, Curium-243/244, and Curium-242

Analysis for 241Am, 243/244Cm, and 242Cm was performed on a strong acid digest of all liner 
composite samples. For this analysis, there were no notable issues with any batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. The required detection limit in the 
SAP was met, and all but three samples met the target detection limit. 

3.3.9 Plutonium-238 and Plutonium-239/240 

Plutonium isotopic (238Pu and 239/240Pu) analysis was performed on a strong acid digest of all 
liner composite samples. For this analysis, there were no notable issues with any batches and all 
QC requirements in the FSAP, SAP, and the QAPP were met. The required and target detection 
limits in the SAP were met  

3.4 ORGANIC ANALYSES 

3.4.1 Volatile Organic Analysis 

The VOA was performed on all field samples by purge and trap. Field sampling, sample 
containers, and preservation followed SW846-5035. The soil samples were delivered in a 
freezer, in pre-weighed VOA vials with magnetic stir bars and approximately 5 g of sample. 
After receipt, the VOA samples were stored in a freezer. For each sample interval, an additional 
high level sample preserved in methanol was also received. These were not used because none of 
the results for the frozen samples were above the calibration range. The exact weight of the 
sample and the tare weight of the VOA vials were recorded by sampling personnel and delivered 
with the samples. Four liquid trip blank samples were also received and analyzed. The samples 
were preserved with either HCl or H2SO4 to a pH < 2. 

The holding time for all samples is 14 days. All samples but two meet the required holding time. 
Sample B1YTB2 (S09V000410), a soil sample, exceeded the holding time requirement by 
2 days. This was caused by a lack of facility resources (radiological control technicians), which 
was beyond the control of the analytical staff contractor at 222-S. The facility operator is 
addressing the issue by hiring additional facility support staff. Sample B1YY24 (S09V000493), a 
trip blank, was analyzed 1 day beyond the required holding time. This was due to an oversight by 
222-S analytical personnel. The laboratory believes that the affect of the holding time 
exceedance on sample results is minimal. A study by the Department of Energy and others have 
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shown that exceedances of less than 2 weeks produce no statistical difference and only a few 
compounds are affected for up to 6 weeks (see Reference Section). 

The VOA analysis met the target and required detection limits in the SAP with the following 
exceptions: for 2-nitropropane, one sample was slightly above the target detection limit; for 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, m,p-xylene, o-xylene, and TCE, two samples 
were slightly above the target detection limits. These detection limit exceedances were caused by 
a less than 5 g aliquot in the VOA vial. The laboratory cannot adjust the amount of sample when 
following SW846-5035 and must analyze them as received. 

Loss of Internal Standards, Spike Compounds, and Surrogates: During the VOA analysis of 
the C Farm soil samples, low recoveries of the internal standard and surrogates were frequently 
experienced. At times, the instrument produced no response at all for these monitoring 
compounds. The issue was extensively investigated and was isolated to only the C Farm soil 
samples. Liquid samples and laboratory prepared soil standards (using laboratory VOA vials and 
stir bars) were not affected. The C Farm soil samples were analyzed on different instruments, 
which eliminated instrumentation as the problem. The laboratory believes that this problem is 
related to the sample matrix and/or the oversized stir bars used by the client. Additionally, it was 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging. The problem was determined to be some type of blockage that impeded purge flow. The 
laboratory eventually developed a technique that provided improved results. This technique 
consisted of lightly shaking the VOA vial while monitoring purge flow with an in-line flow 
meter. The laboratory has requested that the client discontinue the use of the large stir bar and 
use different VOA vials.

The purpose of the internal standard is to compensate for fluctuation and drift in instrument 
response. The instrument responses for spikes, surrogates, or compounds found in the sample are 
adjusted base on their closest internal standard. A complete loss of internal standard undoubtedly 
invalidates the sample results. However, low internal standard recoveries do not necessarily 
mean that the data is unusable. SW846 only specifies minimum internal standard recovery 
requirements for the CCV, not the samples. While there are no regulatory limits for internal 
standard recoveries in a sample, there are practical limitations to the amount of fluctuation that 
can be tolerated before quantitation is affected. Typically that value is around the limits specified 
for the CCV (-50 to +100% drift). The further that the sample internal standards are from the 
established CCV limit, the more likely the quantitation is adversely affected. When internal 
standard recoveries fall outside these limits, surrogate recoveries may be used to evaluate any 
adverse effects on quantitation. On all samples exhibiting low internal standard responses, 
associated surrogate recoveries were evaluated to determine if the loss had significant effect on 
the reported results. Based on this evaluation, the laboratory believes that the VOA results 
contained in this report are useable. 

Samples and their associated MS and matrix spike duplicate (MSD) were initially analyzed 
together in a single analytical run. However, because of the frequent internal standard failures, 
many reanalyses were required. Due to the limited number of extra sample vials (five per 
sample), the reanalysis did not typically contain the original sample, MS, and MSD. 
Consequently, the analytical batches contained in this report have sample and associated QC 
results for different analytical runs, which were often on different days. The construction of 
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batches in this manner was necessary for the laboratory information management system to 
associate a sample and its MS/MSD pair. All information and data concerning the analysis and 
reanalysis are contained in the VOA section of Appendix B. 

The discussion below of the individual batches will not contain additional information 
concerning the low recoveries of internal standards. Detailed information for each sample is 
contained Appendix B.

Batch 14157: The method blank contained 1,2-dichloroethane and acetone below the estimated 
quantitation limit. Since the sample results were below the MDL for these compounds, reanalysis 
is not required. The LCS demonstrated a high recovery for acetone, 1-butanol, 2-butanone, and 
methyl isobutyl ketone (MIBK). Since these compounds were non-detect in the sample, 
reanalysis is not required. Sample results have been flagged with an “a.” 

Batch 14180: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15471: The RPD between the MS and MSD failed to meet the 30% requirement for 
acetone, 1-butanol, 2-butanone, and MIBK. Since the sample did not contain quantifiable 
amounts of these compounds, reanalysis was not necessary. However, the sample results were 
flagged with a “c” indicating a batch precision failure. The MS failed slightly high at 131% for 
2-butanone. Since this compound was not detected above the quantitation level, reanalysis was 
not required. The sample was flagged with a “b.” 

Batch 15472: The second method blank contained acetone below the estimated quantitation 
limit. Since the associated sample did not contain acetone above the estimated quantitation limit, 
reanalysis is not required. A “B” flag has been applied to the sample result. Toluene was present 
in the second method blank below the estimated quantitation limit. Since the associated sample 
results were below the MDL, the data was not affected. The first LCS demonstrated a high 
recovery for 1,1-dichloroethene, MIBK, acetone, and 2-butanone. Since these compounds were 
not detected in the samples above the estimated quantitation limit, reanalysis is not required. 
Sample results have been flagged with an “a.” The MS recovery for 1-butanol was above the 
30% requirement and a “b” flag has been added to the associated results. Since this compound 
was not detected in the associated samples, reanalysis was not required. The CCV %D exceeded 
the ±20% requirement for trichlorofluoromethane, 1,1-dichloroethene, carbon disulfide, acetone, 
and 2-butanone. All were above the expected value. Since all compounds were either not 
detected or below the estimated quantitation limit, the results were not affected and reanalysis 
not required. The CCV met the 15% average %D requirement. 

Batch 15474: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. The CCV for acetone 
exceeded the 20% %D requirement. Since the CCV was above the calibration amount and the 
sample was nondetect, reanalysis was not required. 

Batch 15476: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. 
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Batch 15477: The method blank contained acetone below the estimated quantitation limit. Since 
the associated samples did not contain acetone above the estimated quantitation limit, reanalysis 
is not required. All acetone results were slightly above the MDL and have been flagged with a 
“B.” The RPD between the MS and MSD exceeded the 30% requirement at 31% for 1-butanol. 
Since the samples were nondetect for this compound, reanalysis was not required. A “c” flag was 
added to the associated sample results. The CCV for acetone exceeded the 20% %D requirement. 
Since the CCV was above the calibration amount and the samples were below the estimated 
quantitation limit, reanalysis was not required.  

Batch 15479: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15491: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477.

Batch 15492: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477, and the MS/MSD for core 
hole C6402 is in batch 15471.

Batch 15493: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15503: The method blank contained acetone below the estimated quantitation limit. Since 
associated samples did not contain acetone above the estimated quantitation limit, reanalysis is 
not required. Two samples contained acetone at slightly above the MDL and have been flagged 
with a “B.” The method blank contained toluene below the estimated quantitation limit. Since 
associated samples did not contain toluene above the MDL, reanalysis was not required. 

Batch 15525: The CCV %D for 1-butanol was slightly high at 20.6%. Since the sample did not 
contain 1-butanol above the MDL, the result was not adversely affected. Since the client only 
required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. 
The MS/MSD for core hole C6404 is in batch 15674. 

Batch 15671: The CCV associated with the field samples and the MSD for sample B1TY75 
(S09V000125) had a %D of -23% for 1-butanol. This could indicate that positive results for 
1-butanol could be biased low. A laboratory-defined “Y” flag has been applied to these results. 
1-butanol was not detected in these samples. Additionally, the MSD was recovered at 90%, 
indicating that the low CCV had minimal affect on the results. The CCV associated with the 
MS/MSD for sample B1YT72 (S09V000124) and MS for sample B1YT75 (S09V000125) had a 
%D of -30% for 1-butanol. The recoveries for the field quality control samples were within the 
required 70% to 130%, indicating that the low CCV had minimal effect on the analysis results. 
The average %D was less than 15%, which meets the SW-846 requirement.
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Batch 15673: The CCV %D exceeded the 20% limit for acetone. Acetone was recovered above 
the expected calibration value. This could indicate a high bias for acetone sample results. Since 
the sample result for acetone was below the estimated quantitation limit, reanalysis was not 
required and the data was not affected. The method blank contained acetone and toluene below 
the estimated quantitation limit. The sample contained acetone below the estimated quantitation 
limit and was nondetect for toluene. Since all results (blank and sample) were below the 
estimated quantitation limit, reanalysis was not required. Since the client only required an 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6400 is in batch 15503. 

Batch 15674: The CCV had a %D at -21% for 1-butanol. This could indicate that positive results 
for 1-butanol could be biased low. A laboratory defined “Y” flag has been applied to these 
results. 1-butanol was not detected in these samples. The LCS and MS/MSD recoveries were 
within the required limits, indicating that the low CCV had minimal effect on the analysis 
results. The average %D was less than 15%, which meets the SW-846 requirement.

Batch15785: The LCS recoveries for 1-butanol, 2-butanone, MIBK, and acetone were above the 
required 130%. The sample did not contain these compounds above the MDL, so the results were 
not affected. The method blank contained toluene below the estimated quantitation limit. Since 
the associated sample did not contain toluene above the MDL, reanalysis was not required. The 
CCV %D for 1-butanol was slightly high at 20.1%. Since the sample did not contain 1-butanol 
above the MDL, the result was not adversely affected. Since the client only required and 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6404 is in batch 15674. The average %D was less than 15%, which 
meets the SW-846 requirement. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples except B20XV5 and B20XW3. These samples were not analyzed 
based on the client’s instructions. Each extract was analyzed twice using two separate calibration 
curves to provide calibrated results for all compounds listed in the FSAP and SAP. All holding 
times were met except for the extraction of sample B20XV9 (S09V000742). This was caused by 
failure to assign the test during log-in. 

Ten of the twenty-two samples contained a low level of bis (2-ethylhexyl) phthalate, which was 
not detected above the MDL in the method blanks. Additionally, low levels of 
di-n-butylphthalate were detected in four samples and was present in the method blank 
associated with two of the samples. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination could also be the 
source. If laboratory contamination is present, it will usually appear in the method blank. Due to 
the prevalence of low level phthalate contamination in the environment, it can be hard to 
determine the source of low level results. Equipment blanks can help isolate the source of 
phthalates, but no equipment blanks were analyzed with these samples. One possible source of 
phthalate could be the red plastic end caps used with the liners. It is the laboratory’s opinion that 
the use of these end caps should be discontinued. 
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The SVOA analysis met the required and target detection limits with two exceptions: 

� The adjusted MDLs for cyclohexanone were above the 0.5mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.5 mg/kg an 0.7 
mg/kg. The adjusted MDLs for di-n-butyl-phthalate were above the target detection limit 
of 0.33 mg/kg. The analysis achieved a detection limit of between 0.5 mg/kg and 0.7 
mg/kg for this compound. 

� LCS, MS, and MSD recoveries were compared against the laboratory’s statistical process 
control (SPC) limits, as required by SW-846. The use of SPC limits is allowed in the 
FSAP, SAP, and QAPP. 

Batches 14181, 14528, 14529, and 15811: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met.  

Batch 14169: The surrogate terphenyl-d14 was recovered below the laboratories SPC limits of 
75% to 175% at 62%. It is the laboratory’s opinion that this is not a particularly low recovery 
and the usability of the associated results was not affected. The SPC limits appear to be biased 
high. SPC limits are currently under review and will be updated. This bias is expected to be 
corrected. All other QC requirements were met. 

Batch 14527: Di-n-butylphthalate was detected in the method blank below the quantitation limit. 
However, the blank result exceeded 5% of the associated sample results. These results have been 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. No MS or MSD was analyzed with this batch. Since the client only 
required that an MS and MSD be analyzed once per core hole (see Attachment 5), this 
requirement was met in batch 14529. All other QC requirements were met. 

Batch 14580: For two samples, the surrogate terphenyl-d14 was recovered below the 
laboratory’s SPC limits of 75% to 175% at 64% and 58%. It is the laboratory’s opinion that this 
is not a particularly low recovery and the usability of the associated results was not affected. The 
SPC limits appear to be biased high. SPC limits are currently under review and will be updated. 
This bias is expected to be corrected. All other QC requirements were met. 

Batch 15509: All QC requirements were met. However, a large cyclohexene peak was detected 
during the second analysis of the samples. Since the TICs were reported from the 1st analysis 
only, this peak has not been reported. The laboratory believes that the cyclohexene was present 
in the methylene chloride used for the extraction. 

3.4.3 Tentatively Identified Compounds 

Unassigned peaks or TICs were treated as follows. Standards were obtained and analyzed for 
each secondary analyte identified in the SAP. This data was accumulated in the Hanford library. 
Following analysis, the largest TICs with instrument responses greater than 10% of the response 
of the nearest internal standard were evaluated and compared to the Hanford library. The 
estimated concentration of these TICs was calculated using measured response factors from the 
Hanford library compound list. 
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After comparison to the Hanford library, remaining unknowns were compared to the National 
Institute of Standards and Technology (NIST) 02, HP Mass Spectral (compound) Libraries. The 
estimated concentration of compounds identified from the NIST library was calculated based on 
an arbitrary response factor of 1.0. If the compounds were not identified as a result of this 
comparison, they were reported as “unknown.” Summaries of the SVOA and VOA TICs from 
the field samples and method blanks are provided in Attachment 4. TICs found in the field 
samples and which were present in the associated batch method blank have been flagged with 
“B.”

4.0 PROCEDURES

Table 2 lists the analytical procedures used for analysis of the C-Farm samples.  

Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

Cyanide LA-695-103, Rev. I-0, J-0 (SW-846 
9010C) 

LA-695-103, Rev. I-0, J-0 
(SW-846 9014) 

Sulfide LA-361-101, Rev. D-0 (SW-846 
9030B) 

LA-361-101, Rev. D-0 
(SW-846 9215) 

pH Direct LA-212-105, Rev. G-0 
(SW-846 9045D) 

Mercury – Cold Vapor 
Atomic Absorption 

LA-325-106, Rev. G-0 (SW-846 
7470A, 7471A) 

LA-325-106, Rev. G-0 
(SW-846, 7470A, 7471A) 

Ammonia – IC LA-544-112, Rev. D-0 LA-533-101, Rev. O-0 
Anions & Organic Acids – IC LA-504-101, Rev. L-0 LA-533-115, Rev. J-0 
Metals – ICP /AES LA-505-163, Rev. F-0 (SW-846 

3050B) 
LA-505-161, Rev. I-0, J-0a 
(SW-846 6010C) 

99Tc, 126Sn – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Metals – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-103, Rev. A-0 
(SW-846 6020A) 

Actinides – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Radiochemical Analyses 
GEA Direct LA-548-121, Rev. I-0 
90Sr – Separation/Beta 
counting

LA-544-101, Rev. F-0 LA-220-101, Rev. I-0 

Tritium – LSC LA-504-101, Rev. L-0 LA-218-114, Rev. F-0 
14C – LSC LA-504-101, Rev. L-0 LA-348-104, Rev. H-0 
79Se – Separation/LSC LA-544-101, Rev. F-0 LA-365-102, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA LA-544-101, Rev. F-0 LA-378-105, Rev. C-0 
241Am, 243/244, 242Cm – 
Separation/AEA

LA-544-101, Rev. F-0 LA-953-104, Rev. H-1 

239/240, 238Pu – Separation/AEA LA-544-101 Rev. F-0 LA-953-104, Rev. H-1 
Organic Analyses 

VOC – GC-MS Direct LA-523-118, Rev. G-0 

Page 484 of 732



Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
SVOC – GC/MS LA-523-138, Rev. F-0 (SW846-

3540C)
LA-523-135, Rev. C-0 
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Appendix 5 

Data Validation Supporting Documentation 
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WMA C VSR10-013
4-28-2010222-S Laboratory

20090160

X

Carl Schloesslin

Soil samples B1YT71, B1YT74, B1YT77, B1YT80, B1YT83

None

Total CN SulfideX X
XX
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Batch 16700 MB Detections: Nitrite 2.00 ug/g, Nitrate 0.27 ug/g

Note: A post spike versus a matrix spike was analyzed for anions analysis.  Sample data is not qualified for 
this since anions sample preparation is minimal. 
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None

Cyanide Batch 14147: Sample B1YT71 analyzed 15 days after collection (HT - 14 days) 
pH Batch 13838: Sample B1YT71 analyzed 7 days after collection (HT - ASAP) 
pH Batch 17429: Samples B1YT74 and B1YT77 analyzed 3 days and 2 days, respectively, after collection 
pH Batch 14262: Samples B1YT80 and B1YT83 analyzed 17 days after collection
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MDLs > CRDLs [or Target Detection Limits (TDLs) when CRDLs not provided in the SAP].  The following 
lists associated non-detected sample results only since MDLs > CRDLs/TDLs are not an issue for detected 
results.  All values are in ug/g. 
 
B1YT71 - Cyanide 4.77 (TDL = 0.5) 
 
B1YT74 - Cyanide 4.67 (TDL = 0.5) 
 
B1YT77 - Cyanide 5.01 (TDL = 0.5); Sulfide 5.25 (TDL = 5) 
 
B1YT80 - Cyanide 4.46 (TDL = 0.5) 
 
B1YT83 - Cyanide 5.07 (TDL = 0.5)
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Date:  28 April 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Radiochemical - Sample Data Group (SDG) 20090160 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDG 20090160 prepared by 222-S 
Laboratory.  A list of samples validated along with the analytical methods is provided in the 
following table. 
 

Sample ID Sample Date Media Validation Level Analytical Methods 
B1YT71 4/14/2009 Soil C See note 1 
B1YT74 4/21/2009 Soil C See note 1 
B1YT77 4/22/2009 Soil C See note 1 
B1YT80 4/30/2009 Soil C See note 1 
B1YT83 4/30/2009 Soil C See note 1 

1 – Gamma spectrometry, Sr-89/90, Tritium, Se-79, C-14, Ni-63, I-129, Isotopic-Am/Cm, 
Isotopic-Pu 
 
Data validation was conducted in accordance with the CHPRC validation statement of work and 
the Field Sampling and Analysis Plan for Sites P and L at Waste Management Area C, RPP-
PLAN-40564, Rev. 0 (SAP).  Appendices 1 through 6 provide the following information as 
indicated below: 
 
Appendix 1. Glossary of Data Reporting Qualifiers 
Appendix 2. Summary of Data Qualification 
Appendix 3. Annotated Laboratory Reports 
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation 
Appendix 5. Data Validation Supporting Documentation 
Appendix 6. Additional Documentation Requested By Client 
 
DATA QUALITY OBJECTIVES
 
� Holding Times and Sample Preservation 
 
Holding times are calculated from Chain-of-Custody forms to determine the validity of the 
results.  The maximum holding time for radiochemical analysis is 180 days, or five half-lives, 
whichever is shorter.  There are no specific preservation requirements for radiochemical soil 
analysis. 
 
The samples were analyzed within the prescribed holding times. 
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� Blanks

The blank data results are reviewed to assess the extent of contamination introduced through 
sampling, sample preparation, and analysis. 

Laboratory Blanks
 
All laboratory blank results were acceptable. 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
No equipment blanks were submitted for analysis. 
 
� Accuracy

Accuracy is evaluated by reviewing matrix spike sample results and laboratory control sample 
results.  According to the SAP, the laboratory control sample accuracy limits are 80% to 120%, 
and the matrix spike sample accuracy limits are 75% to 125%.  The limits for reported analytes 
not listed in the SAP are specified by the DV procedure. 
 
Matrix Spike (MS) Samples
 
All MS recoveries were acceptable.  
 
Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable with the following exception.  
 
LCS analysis was not performed for Se-79.  The Se-79 result for sample B1YT74 was a non-
detect and should be qualified as an estimate and flagged “UJ.”  The Se-79 results for samples 
B1YT71, B1YT77, B1YT80 and B1YT83 were detects and should be qualified as estimates and 
flagged “J.” 
 
Carrier/Tracer Recovery Factors

All carrier/tracer recovery factors were acceptable with the following exception.  The nickel 
carrier recovery for sample B1YT71 was >105%.  The Ni-63 result for sample B1YT71 was a 
non-detect and should not be qualified. 
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� Precision 

Precision is evaluated by reviewing laboratory duplicate, field duplicate, and field split sample 
results.  These QC results provide information on the laboratory reproducibility and whether 
sampling activities are adequate to acquire consistent sample results.  According to the SAP, the 
relative percent difference (RPD) limits are �30%.  The RPD limits for reported analytes not 
listed in the SAP are specified by the DV procedure.  When duplicate RPDs exceed the limits 
and have associated results <5X the SAP required detection limits (or <5X the laboratory 
required detection limits for analytes not listed in the SAP) with differences <2X the required 
detection limits no precision infraction occurred.  When no required detection limits are provided 
and the sample and duplicate results are statistically equal (Duplicate Error Ratio <3) no 
precision infraction occurred. 
 
Laboratory Duplicate Samples
 
All laboratory duplicate results were acceptable. 
 
Field Duplicate Samples
 
No field duplicates were submitted for analysis. 
 
Field Split Samples
 
No field splits were submitted for analysis. 
 
� Detection Limits 
 
Reported MDCs are compared against the contractually required detection limits (CRDLs) to 
ensure that laboratory detection limits meet the required criteria. 
 
All reported sample MDCs were below the CRDLs (or Target Detection Limits when CRDLs 
were not provided in the SAP).  
 
� Completeness 
 
SDG 20090160 was submitted for validation and verified for completeness.  Completeness is 
based on the percentage of data determined to be valid (i.e., not rejected).  The completion 
percentage was 100%. 

MAJOR DEFICIENCIES
 
None found. 
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MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of sample results as estimates were due lack of LCS 
analysis for Se-79.  See the table in Appendix 2 for a listing of all affected sample results. 
 
REFERENCES
 
HNF-20434, Rev. 0, Data Validation Procedure for Radiochemical Analyses, June 2004.  
 
RPP-PLAN-40564, Rev. 0, Field Sampling and Analysis Plan for Sites P and L at Waste 
Management Area C, March 2009. 
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Appendix 1 

Glossary of Data Reporting Qualifiers 
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Qualifiers that may be applied by data validators in compliance with the CHPRC statement of 
work are as follows: 
 
� U � The constituent was analyzed for and was not detected.  The data should be considered 

usable for decision-making purposes. 
 
� UJ � The constituent was analyzed for and was not detected.  Due to a quality control 

deficiency identified during data validation the value reported may not accurately reflect the 
MDC.  The data should be considered usable for decision-making purposes. 

 
� J � Indicates the constituent was analyzed for and detected.  The associated value is 

estimated due to a quality control deficiency identified during data validation.  The data 
should be considered usable for decision-making purposes. 

 
� UR � Indicates the constituent was analyzed for and not detected; however, due to an 

identified quality control deficiency the data should be considered unusable for decision-
making purposes. 

 
� R � Indicates the constituent was analyzed for and detected; however, due to an identified 

quality control deficiency the data should be considered unusable for decision-making 
purposes. 
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Appendix 2 

Summary of Data Qualification 
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Radiochemical Data Qualification Summary 
SDG: 20090160 Reviewer: AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

Se-79 UJ B1YT74 Lack of LCS data 

Se-79 J B1YT71, B1YT77, 
B1YT80, B1YT83 Lack of LCS data 

 
Comments: None 
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Appendix 3 

Annotated Laboratory Reports 
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Page 593 of 732



222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C6392, C6400, C6402 C6404, AND C6406 

IN SUPPORT OF RCRA SOIL CHARATERICZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between March 11th and June 15th, 2009. The samples were analyzed in accordance with RPP-
PLAN-40564, Field Sampling and Analysis Plan for Sites P and L at Waste Management Area 
C, (FSAP); RPP-PLAN 3877, Sampling and Analysis Plan for Phase 2 Characterization of 
Vadose Zone Soil in Waste Management Area C (SAP); ATL-MP-1011, ATL Quality Assurance 
Project Plan for 222-S Laboratory (QAPP); Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods (SW-846); and the additional guidance given by the client’s point of 
contact.

Because the 222-S Laboratory Facility was designed to analyze hazardous and complex tank 
waste samples, most SW-846 test methods performed at the 222-S Laboratory contain deviations 
that are listed in an appendix in the analytical procedures. All known deviations or variances 
from SW-846 are documented in this narrative. The following attachments are included in this 
report.

Attachment 1 Data Summary Report
Attachment 2 Sample Breakdown Diagrams 
Attachment 3 Holding Time Report 
Attachment 4 Tentatively Identified Compounds (TIC) for Organic Analyses 
Attachment 5 Correspondence
Attachment 6 Receipt Paperwork 

This report also contains the following appendices. 

Appendix A Geologic Report 
Appendix B Analytical Raw Data 

2.0 SAMPLE RECEIPT AND BREAKDOWN 

2.1.1 Sample Receipt 

A total of 25 core intervals from five core holes along with two equipment blanks and three trip 
blanks were received by 222-S beginning March 11th and ending June 15th, 2009. The samples 
were delivered in a cooler with ice or, in the case of the volatile organic samples, in a freezer. 
The temperature of a randomly selected sample from each cooler or freezer was measured and 
recorded on the chain of custody. Laboratory sample receipt personnel failed to record the 
receipt temperature for four core intervals: 
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� C6404 - 6 ft. to 8 ft
� C6404 - 10 ft. to 12 ft.
� C6406 - 54.5 ft. to 56.5 ft.
� C6406 - 59 ft. to 61 ft.

This was caused partially by the confusion from the delivery of multiple core projects at the 
same time and failure of laboratory personnel to follow the sample receipt procedure. These 
issues have been addressed and corrective measures have been taken. Many of the samples 
received were outside the required temperature ranges. This was due to the fact that these 
samples had not been in the cooler or freezer long enough to reach equilibrium. This can be 
verified, in most cases, by comparing the receipt time with the sampling time. The cooler and 
freezer walls were sometimes measured and were within the required temperature range. This 
temperature was not generally recorded since this measurement is not called out in the 
procedure. For future projects, the temperature of a temperature blank or the side of the cooler or 
freezer will be measured and recorded as described in SW-846.  

2.1.2 Sample Breakdown 

The laboratory received each core interval as a set of volatile organic analysis (VOA) samples 
and three liner samples, when complete core recovery was obtained. Nine core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The liner samples from each core 
interval were extruded, described, and composited by the Washington River Protection 
Solutions, Inc. (WRPS) geologist. The geologist’s report is included in Appendix A. Provided 
sufficient samples existed, the composite for each core interval was analyzed as described in the 
SAP and FSAP. WRPS shipped a subsample of each composite to an offsite laboratory, when 
sufficient sample was available. The results of these analyses are not discussed in this report. 

The 10-ft. to 12-ft. interval from core hole C6404 consisted of only VOA vial samples. No core 
liners were received for this interval. A limited suite for radiochemical analyses was performed 
using the methanol-preserved VOA sample. No other analyses were performed. 

3.0 ANALYTICAL RESULTS SUMMARY 

The Data Summary Report (Attachment 1) presents the final analytical results for those analytes 
requested in the SAP and FSAP. Secondary analytes are only reported if detected. The TIC from 
gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic compounds 
(SVOC) is presented in Attachment 4. In addition to the required isotopes, all isotopes with 
positive gamma energy analysis (GEA) results were reported. 

The “Det Limit” column in Attachment 1 contains the method detection limit (MDL) for non-
radionuclide analyses, or the minimum detectable activity for radionuclides. 

In Attachment 1 the column labeled “A#” indicates the aliquot class or the method used for 
sample preparation before analysis. For solid samples, the aliquot classes are defined as follows: 
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“A” indicates samples that were prepared by SW846-3050B.
“E” indicates samples that were prepared by a strong acid digest. 

“O” indicates samples that were extracted for organic analysis. 

“S” indicates samples that were prepared by a distillation. 

“W” indicates samples that were prepared by a water digest. 

Samples without a letter identifier in the “A#” column were analyzed directly with no separate 
preparation or with sample preparation performed as a part of the procedure steps. 

The “Qual Flags” column in Attachment 1 contains data qualifier flags that are defined as 
follows: 

“B” is used to indicate that the analyte was detected in the method or preparation blank 
and in the sample, and the result for the blank was greater than 5% of the reported sample 
result. 

“J” indicates that the reported result should be considered an estimate because it is below 
the quantitation limit. The “J” flag is applied to sample concentrations that are greater 
than the MDL but less than the quantitation limit or sample activity with a counting 
uncertainty greater than 30%.

“N” indicates a TIC which has been named. 

“Q” indicates that the result is qualitative only. 

“T” indicated a TIC. 

“U” indicates that the reported result is less than the calculated detection limit. 

“Y” indicates that the percent difference (%D) for the continuing calibration verification 
standard (CCV) was greater than -20%. 

“X” indicates that the initial calibration verification (ICV) standard was outside the range 
specified in the QAPP. 

“a” indicates that the laboratory control sample (LCS) was outside of the specified range 
in the QAPP or SAP. 

“b” indicates that the matrix spike (MS) was outside of the specified range in the QAPP 
or SAP. 

“c” indicates that the relative percent difference (RPD) between the sample and the 
duplicate is greater than 30%. 

“e” indicates that the %D between the sample result and the serial dilution exceeded 
10%.

“f” indicates that the MS failed and the serial dilution passed. 

Manual calculations using rounded results from the Data Summary Report or result calculation 
forms may differ slightly from the actual results derived from the raw data. 
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3.1 SAMPLE DIGESTIONS 

3.1.1 Radiochemistry Strong Acid Digestion 

Strong acid digestions with a hot plate for the heat source were performed using a mixture of 
concentrated nitric and hydrochloric acids. For each digest, approximately 10 grams of sample 
were digested, filtered, and diluted to a final volume of 100 or 125 mL. This digestion was used 
for all radiochemical analyses except tritium, 14C, and 129I. This digestion is a leach of the acid 
soluble species only. 

3.1.2 SW846-3050B - Acid Digestion-Heating Block 

This acid digestion follows SW846-3050B using a heating block and nitric and hydrochloric 
acids. Approximately 0.25 g of sample was digested. All heating-block digestions were filtered 
and diluted to a final volume of 50 mL. In soil, this digestion is a leach of the acid soluble 
species only. This digestion was used for all inductively coupled plasma/mass spectrometry 
(ICP/MS) and inductively coupled plasma/atomic emission spectroscopy (ICP/AES) analyses 
except for 99Tc and isotopic tin (117Sn and 126Sn) analysis. The digestion is modified for the 99Tc
analysis by using only nitric acid. This is done to eliminate the possibility of the formation a 
zinc-chlorine ion pair of mass 99. The laboratory believes this ion, when present, is responsible 
for low level false positives. 

3.1.3 Water Digestion 

A water digestion or leach was prepared for the anions by ion chromatography, 14C, and tritium 
analyses using approximately 0.25 to 4 g of sample diluted to 25 mL. Sonification was used, and 
the leachate was then filtered. In soil, this digestion is a leach of the water soluble species only. 

3.2 INORGANIC ANALYSES

3.2.1 Cyanide

The cyanide analysis was performed on direct subsamples of the liner composite samples. All 
analyses met the SW846 holding time of 14 days except for sample B1YT71 (S09V000171). The 
holding time was missed due to the need for reanalysis, which was caused by quality control 
(QC) failures during the first analysis. The sample was initially analyzed within the holding time, 
but the final analysis, which passed all QC requirements, was 1 day past the holding. The sample 
result was the same for both analyses. The laboratory believes there was no effect on the final 
result from this missed holding time. There was no required reporting limit in the SAP for 
cyanide. The target detection limit was 0.5 �g/g, which is at least an order of magnitude lower 
than the current laboratory method (lachet micro-distillation) can reach.

3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples. All analysis 
met the SW846 holding time of 7 days except for samples B1YT92 (S09V000382), B1YTH1 

Page 597 of 732



(S09V000626), and B1YTH3 (S09V000642). The first holding time was missed due to the lack 
of analytical personnel resources. The other two missed holding times were caused by the 
inability of the analytical personnel to access the laboratory due the lack of facility support, 
which is beyond the control of analytical personnel and their management. There was no 
required reporting limit in the SAP for sulfide. The target detection limit was 5 �g/g. Three 
sample results had adjusted MDLs of 5 �g/g. The rest were between 6��g/g and 8 �g/g.

Batches 13951, 13952, 14332, 14517, 14598, and 14778: There were no notable issues with 
these batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14184: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 36%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14354: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 32%. Since the sample result was below the quantitation limit, this criterion is not 
applicable. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

3.2.3 pH Analysis 

The pH analysis was performed on the liner composite samples. These analyses met all QC 
requirements in the FSAP, SAP, and QAPP. The FSAP lists a pH holding time requirement of 
“as soon as possible.” All pH measurements were taken immediately after the water leach was 
performed, but the sampling to analysis date varied from 2 to 20 days (see Attachment 3). There 
is no correlation between pH results and days to analysis, and the results fall within an expected 
range for alkaline soils. This indicates that the large variation in time has no apparent effect on 
the results. However, the client’s expectation was that analysis would be performed within 
14 days. For future projects, the analysis will be performed in less time. 

3.2.4 Mercury

Analysis for mercury was performed on digested subsamples of the liner composite samples. All 
results met the QC requirements in the FSAP, SAP, and QAPP. All analyses met the holding 
time of 28 days, except for samples B1YT80 (S09V000174), B1YT83 (S09V000175), and 
B1YT98 (S09V000392). This was apparently the result of an oversight error by the analytical 
staff. The laboratory is working on improvements in holding time expiration tracking. 

This analysis met the required and target detection limits except for three samples: B1YT71 
(S09V000171), B1YT74 (S09V000172), and B1YT77 (S09V000173). These sample results met 
the target detection limit of 0.2 mg/Kg but were twice the required detection limit of 
0.01 mg/Kg. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for NH4
+ was performed using a distillation preparation of the liner composite samples. 

The SAP lists an administrative holding time of 7 days. The laboratory believes that after 
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distillation and preservation, the holding is 28 days based on EPA drinking water and waste 
water holding times for preserved samples. There is no regulatory holding time limit 
promulgated for ammonium in soil. Four samples were analyzed outside of the administrative 
7-day holding time: B1YT71 (S09V000219), B1YT92 (S09V000425), B1YTH1 (S09V000632), 
and B1YTH3 (S09V000648). This was apparently the result of an oversight error by the 
analytical staff. The laboratory is working on improvements in holding time expiration tracking. 
These analyses met the target detection limit listed in the SAP. There was no required reporting 
limit in the SAP or FSAP for ammonium. 

Batches 14073, 14226, 14237, and 14498: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 14301: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample, a “B” flag has been applied to the 
associated results. Since both the sample and the blank results were below the quantitation limit, 
reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were met for 
this batch. 

Batch 14710: Samples B1YTF4 (S09V000599) and B1YTF4 (S09V000615) were analyzed with 
an LCS and MS, which used a standard that was 2 days past the expiration date. Since the 
recoveries of the expired standards were within 95% to 100% of the expected value, and the 
analytical batch contained other valid standards with acceptable recoveries, it is the laboratory’s 
opinion that the data quality was not affected. Therefore, no reanalysis was requested. One of the 
two preparation blanks contained in this analytical batch had an ammonium result slightly above 
the MDL. Since the associated samples were non-detect, there is no effect on the data. All QC 
requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14840: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since the blank result was below the quantitation limit, reanalysis was 
not required. All QC requirements in the FSAP, SAP, and the QAPP were met for this batch. 

Batch 14659: The preparation blank had a result above the MDL but below the quantitation 
limit. Since the blank result was more than 5% of the sample results, a “B” flag has been applied 
to the associated results. Since both the sample and the blank results were below the quantitation 
limit, reanalysis was not required. All QC requirements in the FSAP, SAP, and the QAPP were 
met for this batch. 

3.2.6 Ion Chromatography – Anions and Small Organic Acids 

Ion chromatography analysis was performed on a water digest of subsamples from all soil 
composite samples except for B20XV5. This was due to insufficient sample volume. This 
sample was the 6-ft. to 8-ft. interval from core hole C6402, which was a retake of the same 
interval in core hole C6404. The laboratory met all the required and target detection limits. All 
analyses were within the applicable holding time. All sample spikes used in this analysis are post 
digestion spikes. Current laboratory procedures and practice were developed for the analysis of 
concentrated waste, which typically does not include the use of predigestion spikes for this 
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analysis. The laboratory will change to predigestion spike for future projects. In general, these 
samples experienced multiple RPD failures in every batch. All samples were reanalyzed and 
little improvement was seen. Other analyses also experienced high RPDs. The exact cause of the 
IC failures is unknown at this time, but it is matrix related. The “c” has been applied to all 
samples in the batch, not just the sample used for the duplicate analysis. 

Batch 16700: Nitrite and nitrate were present in the preparation blank at levels below the 
quantitation limit; therefore, reanalysis was not required. Sample results have been flagged with 
“B” when appropriate. The RPD for formate and oxalate exceeded the required 30%. However, 
since the results for these analytes were below the quantitation limit, the criterion does not apply. 
The RPD for fluoride, acetate, sulfate, nitrate, and phosphate exceeded the 30% requirement, and 
results were all above the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16701: The preparation blank result for chloride was above the MDL but less than the 
quantitation limit. Therefore, the data quality was not affected and reanalysis was not required. 
The samples were “B” flagged as appropriate. The closing continuing calibration blank (CCB) 
result for formate was above the MDL but less than the quantitation limit. Therefore, the data 
quality was not affected and reanalysis was not required. The samples were “B” flagged as 
appropriate. The RPD for nitrite and oxalate exceeded the required 30%. However, since the 
results for these analytes were below the quantitation limit, the criterion does not apply. The 
RPD for sulfate, nitrate, and chloride exceeded the 30% requirement, and results were all above 
the quantitation limit. The sample results have been flagged with a “c.” 

Batch 16744: The RPD for acetate exceeded the required 30%. Since the result for this analyte 
was below the quantitation limit, the criterion does not apply. The RPD for nitrite exceeded the 
30% requirement, and all results were above the quantitation limit. The sample results have been 
flagged with a “c.”  

Batch 17027: The RPD for oxalate and formate exceeded the required 30%. Since the result for 
these analytes were below the quantitation limit, the criterion does not apply. The RPD for 
acetate, nitrate, nitrite, and sulfate exceeded the 30% requirement, and results were all above the 
quantitation limit. The sample results have been flagged with a “c.”

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectroscopy 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples. In general, the ICP/AES analysis experienced repeated failures for the duplicate RPDs, 
serial dilutions, and matrix spike recoveries. The laboratory believes these failures are due to 
interferences from high levels of iron and aluminum, and sample inhomogeneity. This is 
supported by the fact that there were no post digestion spike failures. The interference from the 
iron and aluminum appeared to cause signal suppression in most cases. The impact of this 
interference could be reduced by reanalyzing the samples using smaller aliquots or greater 
dilution, but this would cause some primary elements to be reported as estimated or non-detected 
above the required detection limits. This was discussed with the client, who agreed that 
reanalysis would not improve the overall analytical results (see Attachment 5). Additionally, it 
was noted that some of the secondary analytes experienced LCS failures and that reanalysis was 
not required for secondary elements. In particular, the digestion method used, which was an acid 
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leach, does not produce consistent results for silicon. The amount of silicon leached from a 
highly siliceous material, like soil, is not consistent when using an acid leach. Also, the LCS 
recoveries are somewhat variable and may be related to the concentration and types of acid used. 
Silicon is not listed with other elements in SW846-3050B, section 1.1, under “Scope and 
Application” for the method. 

The ICP/AES analysis was unable to obtain the required detection limit for antimony, arsenic, 
cadmium, lead, nickel, selenium, silver, thallium, and vanadium. These elements have been 
reported from separate ICP/MS analyses. Additionally, some chromium and cobalt results were 
from these same ICP/MS analyses. Total uranium has been reported by the ICP/AES analysis but 
did not meet the required detection limits in the FSAP. Since the isotopic uranium analysis by 
ICP/MS met the required detection limit for 238U, the overall data usability was not affected. For 
all other metals reported by ICP/AES, all target and required detection limits were met or the 
results were above the quantitation limit, with the exception of one sample. Sample B1YT71 
from core C6392 failed to meet the required detection limit for molybdenum and the target 
detection limits for beryllium, copper, and molybdenum.  

Batch 15041: The low level standard (LLS) for potassium failed low at 69%. This indicates that 
results near the LLS could be biased low. Since all potassium results were near the mid-range of 
the calibration, the data was not affected by the low LLS recovery. The MS recoveries for 
aluminum, calcium, and iron failed to meet the FSAP criterion. Since the sample concentrations 
of these analytes exceeded four times the spike level, the MS recovery criterion does not apply. 
The MS recovery for silicon exceeded the ±25% criterion in the SAP and FSAP at 311%. The 
laboratory believes that the failure is due to the inconsistent leaching of silicon discussed 
previously. The associated sample results have been flagged with a “b.” 

Batch 16002: The MS recoveries for aluminum, calcium, iron, and magnesium failed to meet the 
FSAP criterion. Since the sample concentrations of these analytes exceeded four times the spike 
level, the MS recovery criterion does not apply. The MS recovery for sodium, tantalum, 
titanium, and potassium exceeded the ±25% criterion in the SAP and FSAP, and the results have 
been flagged with a “b.” The laboratory believes this is a result of matrix interference due to the 
high levels of other elements in these samples and sample inhomogeneity. This was discussed 
with the client (see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for 
tantalum was less than 1%. The laboratory believes this was due to an issue with the standard. 
Since tantalum is not a required analyte, reanalysis was not required. Zinc was detected in the 
preparation blank above the MDL but less than the quantitation limit. Since the result was less 
than 5% of the sample result, the data quality was not affected. 

Batch 16229: Calcium was present in the preparation blank but was less than 5% of the lowest 
sample result. The MS recoveries for aluminum, calcium, iron, silicon, titanium, and magnesium 
failed to meet the FSAP criterion. Since the sample concentrations of these analytes exceeded 
four times the spike level, the MS recovery criterion does not apply. The serial dilution for 
manganese and sodium failed the 10% requirement at 19% and 12%, respectively. The results 
have been flagged with an “e.” This could indicate that the parent sample result is biased low due 
to matrix interference. 
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Batch 16778: The ICV standard recovery for rubidium was outside the 90% to 110% criterion at 
112%. The sample results have been flagged with an “X.” Reanalysis was not required since 
rubidium is a secondary analyte. The results for palladium and rubidium in the CCBs and initial 
calibration standard (ICB) were above MDL but below the quantitation limits. A “B” flag was 
applied since the blank result was greater than 5% of the sample results. Reanalysis was not 
required because all results (blank and samples) were below the quantitation limit. The LLS for 
rubidium, potassium, and palladium exceeded the 130% recovery criterion at 237%, 134%, and 
137%, respectively. The palladium and rubidium results should be considered biased high. Since 
these are secondary analytes, reanalysis is not required. All potassium results are above the ICV 
and CCV level. Therefore, the slightly high recovery of the LLS does not impact the data quality. 
The LCS for silicon failed low at 52%. Silicon results should be considered biased low and are 
flagged with an “a.” The preparation blank results for calcium and zinc were above the MDL but 
below the quantitation limit and less than 5% of the sample result. Therefore, the sample results 
were not affected. The duplicate RPD for praseodymium exceeded the 30% requirement in the 
SAP and FSAP. Since the sample result was below the quantitation limit, this criterion does not 
apply. The MS recoveries for aluminum, calcium, iron, and magnesium were outside the ±25% 
requirement in the SAPs. However, since the sample results for these elements were more than 
four times the spike level, the criterion does not apply. The MS recoveries for sodium, 
potassium, rubidium, silicon, and titanium were outside the 75% to 125% requirement, so all 
associated sample results have been flagged with a “b.” The laboratory believes this is a result of 
matrix interference due to the high levels of other elements in these samples. The %D for the 
serial dilutions exceeded 10% for magnesium, phosphorous, silicon, and titanium. The laboratory 
believes this is a result of matrix interference due to the high levels of other elements in these 
samples. An “e” flag has been applied to these results. Since the post digestion spike passed, the 
serial dilution was not required, nor was reanalysis. However, these results do indicate matrix 
interference. 

Batch 16822: The mid batch CCB result for praseodymium was above the MDL but below the 
quantitation limit. All associated sample results were less than 20 times the CCB result and were 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. The initial calibration blank result for iron was above the MDL but 
less than the quantitation limit and much less than 5% of the sample results; therefore, the data 
quality was not affected. The LCS failed low for silicon and tungsten; since these were 
secondary analytes, reanalysis was not required. The affected sample results have been flagged 
with an “a.” The duplicate RPD for cerium, cobalt, europium, sulfur, and praseodymium 
exceeded the required 30%. Since the results were below the quantitation limit, this criterion 
does apply. The duplicate RPD for aluminum, calcium, copper, iron, magnesium, manganese, 
sodium, neodymium, phosphorous, strontium, titanium, yttrium, and zinc exceeded the 30% 
criterion, and the associated samples have been flagged with “c.” The laboratory believes that 
this particular failure is due to sample inhomogeneity. The serial dilution for silicon, magnesium, 
calcium, iron, and manganese exceeded the required 10% criterion. Since the post digestion 
spike passed, the serial dilution was not required, nor was reanalysis. However, these results do 
indicate matrix interference. The MS recovery for aluminum, calcium, iron, and magnesium 
exceeded the 30% requirement in the SAP and FSAP. Since the sample results were more than 
four times the spike concentration, this criterion does not apply. The MS recovery for 
phosphorous, potassium, sodium, and tungsten exceeded the 30% requirement in the SAP and 
FSAP. The laboratory believes this is a result of matrix interference due to the high levels of 
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other elements in these samples and sample inhomogeneity. This was discussed with the client 
(see Attachment 5), and reanalysis was deemed unnecessary. The MS recovery for cerium was 
less than 1%. The laboratory believes this was due to an issue with the standard. Since cerium is 
not a required analyte, reanalysis was not required. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy

The ICP/MS actinide analysis was performed on the SW846-3050 acid digestion of all liner 
composite samples. The ICP/MS 126Sn and 99Tc analysis was performed on the same digest, 
without the addition of the hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis 
because of the potential formation of a ZnCl ion pair with mass 99. 

Direct calibration, where a standard containing the isotope and element of interest is used to 
calibrate the response of the isotope, is the most accurate type of calibration. Standard material is 
not available for all the isotopes of interest. Those isotopes without available standards are 
calibrated using the instrument’s mass-response curve that is generated by using the 
intensity/concentration relationship for the available isotope standards. While the isotope results 
calibrated in this manner are designated “semi-quantitative” in the procedure, the differences in 
instrument response along the curve are generally small enough across the actinide mass range 
such that the results generated might be expected to be within similar uncertainties associated 
with quantitative results (i.e., those obtained directly against an isotope-specific standard). 

A similar approach is used to evaluate the recoveries of calibration checks, standards, and spikes. 
Just as all of the elemental isotopes of interest are not available for calibration, they are also not 
available for the various QC samples. Because the chemical properties of an element are the 
same for all of its isotopes, one elemental isotope can be used as a measure for other isotopes of 
interest. For example, by measuring the recovery of 238U in the various QC samples, the accuracy 
of the other uranium isotopes also can be evaluated. Table 1 lists the isotopes used for standards 
and spike samples for ICP-MS analyses. A response curve is derived using the slopes of the 
calibration lines of the available isotope standards. Slopes for the isotopes without available 
standards are then derived from the response curve, and results are calculated using the derived 
slopes. 

Table 1. Inductively Coupled Plasma-Mass Spectroscopy Standards and Spikes.

Standard Type Analytes Analyzed 
Initial calibration verification (nondigested) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Acid digest standard (laboratory control standard) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Predigest spike (MS) 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
Post-digest spike 232Th, 235U, 238U, 237Np, 99Tc, 117Sn
No standard or spike of either type 126Sn, 230Th, 233U, 234U, 236U,

3.2.8.1 Technetium-99 and Tin-126 
The required detection limit listed in the SAP for 99Tc was met. The target detection limit for 
99Tc was not met. There were no required or target detection limits for 126Sn listed in the SAP. 
The FSAP lists a holding time of isotopic analytes as 6 months. All samples were initially 
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analyzed within the holding time. However, due to a required reanalysis, nine samples exceeded 
the holding time. The reanalysis was delayed by instrument repair, failure of the chemist review 
to recognize the need for reanalysis, and delayed third level review by the project manager. 
Additionally, Washington River Projection System’s management set the analytical priority of 
C Farm analysis behind other projects. Since the analytical results did not significantly change 
from the initial to the final analysis, the laboratory does not believe these exceedances affected 
the final results.

Batches 16639, 16734, and 16982: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16341: The preparation blank contained 117Sn below the quantitation limit. However, all 
samples in the batch were nondetect for 117Sn, so the data was not affected. The LCS for 117Sn
exceeded the required 120% at 141% and the associated results have been flagged with an “a.” 
This could indicate a high bias for these results. However, since the results for all samples were 
below the MDL, the data was not affected. The MS for 117Sn met the recovery requirements, 
demonstrating preparation batch accuracy to some degree. 

Batch 16865: The mid-run CCB contained 99Tc below the quantitation limit. All field samples in 
this batch demonstrated results below the MDL; therefore, the data was not affected. 

Batch 16970: All blanks contained a low level of 126Sn, and the preparation blank contained a 
low level of 126Sn and 99Tc. Since neither 126Sn or 99Tc were detected in the samples, the data 
quality was not affected and reanalysis was not required. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes and in all samples. The FSAP 
lists the holding time for isotopic analytes as 6 months. All samples were initially analyzed 
within the holding time. However, due to a required reanalysis, 11 samples exceeded the holding 
time. The reanalysis was delayed by instrument repair, failure of the chemist review to recognize 
the need for reanalysis, and a delayed third level review by the project manager. Additionally, 
Washington River Projection System’s management set the analytical priority of C Farm analysis 
behind other projects. Since the analytical results did not significantly change from the initial to 
the final analysis, the laboratory does not believe these exceedances affected the final results. 

Batch 15672: Neptunium-237 was detected in the mid-run CCB below the quantitation level. All 
affected samples have a similar result and have been flagged with a “B.” Since all 237Np results 
were below the quantitation level, reanalysis is not required. All blanks (CCB and preparation 
blanks) contained 232Th below the quantitation level and were less than 5% of the sample results. 
Therefore, the results were not affected and reanalysis was not required. The LLS for 235U was 
recovered above the 130% requirement at 131%. Since the lowest sample result was more than 
10 times the LLS level, the results were not affected. The RPD for 237Np exceeded the 30% 
requirement at 47%. Since the results were below the quantitation limit, this criterion does not 
apply. The closing CCB result for 238U was above the MDL but below the quantitation limit and 
less than 5% of the sample results; therefore, reanalysis was not required. 

Batch 16171: The preparation blank result for 235U was below the quantitation limit but less than 
5% of the lowest sample result. Therefore, no reanalysis was required and the data quality was 
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not affected. The preparation blank result for 232Th was above the quantitation limit but less than 
5% for the sample result; therefore, reanalysis was not required and the data quality was not 
affected. The preparation blank contained 238U above the quantitation level and was greater than 
5% of three of the sample results. However, since the sample results were below the TDL and 
above the quantitation limit, the client gave permission to report the data with a “B” qualifier 
(see Attachment 5). The ending LLS for 235U exceeded the 130% requirement at 133%. This 
could indicate a high bias for 235U results near the LLS level. However, the lowest sample result 
for 235U was approximately 80 times the LLS level and the data quality was not affected. 

Batch 16595: The preparation blank contained 238U and 235U above the quantitation level and 
was greater than 5% of all of the sample results in this batch. Since the sample results were 
above the quantitation level but below the TDL, the client gave permission to report the data 
with a “B” qualifier and narration of the issue (see Attachment 5). The preparation blank result 
for 233U was below the quantitation limit and greater than 5% of the sample results. Since both 
the sample results and the blank result were below the quantitation level, reanalysis was not 
required. The associated results have been flagged with a “B.” The preparation blank result for 
232Th was above the quantitation limit but less than 5% of the sample results; therefore, 
reanalysis was not required and the data quality was not affected. The ICB and CCBs contained 
232Th below the quantitation limit, which had no effect on the data quality. The RPD for 234U
exceeded the 30% requirement at 38%; since the sample result was below the quantitation limit, 
this criterion does not apply. 

Batch 17023: The closing LLS exceeded the 130% criterion for 232Th at 164%. However, all 
results were near the CCV level, which is 200 times the LLS. Therefore, the data quality was not 
affected. The RPD for 234U and 238U exceeded the 30% requirement; since the sample result was 
below the quantitation limit, this criterion does not apply. 

Batch 17024: The first CCB contained 235U at a level equal to the MDL; since it was below the 
quantitation limit, the data quality was not affected. The initial LLS exceeded the 130% for 232Th
criterion at 164%. However, all results were near the CCV, which is 200 times the LLS, and 
therefore, there was no effect on the data quality. The RPD for 234U exceeded the 30% 
requirement; since the sample result was below the quantitation limit, this criterion does not 
apply.

3.2.8.3 Trace Metals 
Antimony, arsenic, cadmium, lead, nickel, selenium, silver, thallium, and vanadium were 
analyzed by ICP/MS to obtain the required detection limits in the SAP. Additionally, some 
chromium and cobalt results were used from the ICP/MS analyses. Except for the required 
detection limit for selenium, all target and required detection limits were met or the sample 
results were above the quantitation limit and the sample detection limit criteria do not apply. The 
target detection limit for selenium was approximately an order of magnitude below the detection 
limit obtained by using ICP/MS. The laboratory does not anticipate reaching this detection limit 
for future projects. The FSAP lists the holding time of isotopic analytes as 6 months. All samples 
were initially analyzed within the holding time using ICP/AES. However, due to a required 
reanalysis, 23 samples exceeded this holding time. The reanalysis was delayed by instrument 
repair, failure of the chemist review to recognize the need for reanalysis, and a delayed third 
level review by the project manager. Additionally, Washington River Projection System’s 
management set the analytical priority of C Farm analysis behind other projects. Since the 
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analytes with results that could be compared (chromium, cobalt, nickel, and vanadium) did not 
significantly change from the initial ICP/AES to the final ICP/MS analysis, the laboratory does 
not believe these exceedances affected the final results. 

SW846-6020A requires that an interference check standard be used to determine possible 
isobaric or polyatomic ion interferences. The current laboratory procedure does not require the 
use of this standard, and it was not included in these analyses. However, interferences were 
mitigated by the use of the collision cell, or gas mode, of the instrument. This was used for 
arsenic and vanadium to mitigate chloride interference. Since the blank result for these elements 
were below the MDL, the mitigation appears to have been successful. The laboratory plans to 
use the required interference check standard for future projects. 

Batch 16927: The initial LLS recovered Cr at 152%. Since all chromium results were above the 
ICV/CCV level, the high recovery of the LLS does not affect data quality for chromium. The 
selenium recoveries for the LLS were outside the 70% to 130% requirement in SW846 at 167% 
for the initial LLS and 36% for the final LLS. The selenium concentration selected for the LLS 
was only slightly above the MDL and was determined to be too low. Some of the subsequent 
analyses used a more appropriate LLS level of selenium. The preparation blank contained silver, 
cadmium, thallium, and nickel above their MDLs but below the quantitation limits. All sample 
results, except for nickel, have been flagged with a “B” because the blank result was greater than 
5% of the sample results. Reanalysis was not required because the blank results were below the 
quantitation limits.

Batch 16990: The preparation blank and mid-run CCB results for thallium were above the MDL 
but less than the quantitation limit. Since the blank result was greater than 5% of all sample 
results, a “B” flag has been applied. Reanalysis was not required since the blank result was 
below the quantitation limit.

Batch 17021: The closing LLS for selenium was recovered at 202%. Since all sample results for 
selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for the LLS was at the MDL and was determined to be too low. Some of the subsequent 
batches used a more appropriate LLS concentration of selenium. The preparation blank result for 
selenium was above the MDL. However, since all sample results were below the MDL, the data 
quality was not affected. The closing CCV for silver was below the required 90% at 89.3%. This 
CCV bracketed only QC samples, all of which met requirements. Therefore, reanalysis was 
deemed unnecessary. The duplicate RPD for nickel exceeded the 30% requirement at 45%, and 
the associated results have been flagged with a “c.” The laboratory believes this is due to sample 
inhomogeneity, and with client agreement, reanalysis was not performed (see Attachment 5). 

Batch 17062: The LLS recoveries for selenium were 213% and 220%. Since all sample results 
for selenium were below the MDL, the data quality was not affected. The selenium concentration 
selected for this LLS, though higher than previously used, was determined to be too low. 
Subsequent analyses used a more appropriate LLS concentration of selenium. The preparation 
blank and closing CCB results for selenium were above the MDL. However, since all sample 
results were below the MDL, the data quality was not affected. The duplicate RPD for cadmium 
exceeded the 30% requirement at 33%. Since the sample result was below the quantitation level, 
this criterion does not apply. The duplicate RPD for lead, thallium, and vanadium exceeded the 
30% requirement at 47%, 59%, and 44%, respectively, and the associated results have been 
flagged with a “c.” Based on ICP/AES and other analyses, the laboratory believes this is due to 
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sample inhomogeneity and, with client agreement, no reanalysis was performed (see 
Attachment 5). 

Batch 17063: The preparation blank result for thallium was above the MDL but less than the 
quantitation limit. Since the blank result was greater than 5% of all sample results, a “B” flag has 
been applied. Reanalysis was not required since the blank result was below the quantitation limit.
The duplicate RPD for thallium exceeded the 30% requirement at 32%. Since the sample result 
was below the quantitation level, this criterion does not apply. 

Batch 17222: The preparation blank result for selenium was above the MDL. However, since all 
sample results were below the MDL, the data quality was not affected. 

Batch 17230: The post digestion spike failed low at 42% for selenium. However, since the MS 
met the required recovery criteria at 102%, a post digestion spike is not required (per SW846). It 
should be noted that the raw sample result was negative, indicating a matrix interference. This 
may be the cause of the low post digestion spike recovery. The spike level for the MS is higher 
than the post digestion spike and possibly negated the interference. 

Batch 17234: There were no notable issues with this batch; all QC requirements in the FSAP, 
SAP, and the QAPP were met. 

3.3 RADIOCHEMICAL ANALYSIS 
The holding time listed in the FSAP for radioactive isotopes is 6 months. SW846 does not 
address holding times for these analytes. All radiochemical analyses met the 6-month holding 
time. Holding time tables for these analytes have not been included in Attachment 2. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples. Sample B1YT98 was inadvertently analyzed twice. The sample with the 
highest 137Cs result (S09V000473) has been reported in Attachment 1. The other analysis results 
and raw data are contained in Appendix 2. The GEA analysis met all the required detection 
limits in the SAP. The laboratory was unable to meet any of the target detection limits. 

Batches 13909, 15005, 15098, 15100, and 15511: There were no notable issues with these 
batches, and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batches 15099: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the client indicated (see Attachment 5) the FSAP and SAP only requires one field 
duplicate per core hole. Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-90/89

Strontium-90/89 analysis was performed on a strong acid digest of all liner composite samples. 
Fifteen of the sample analyses met the required detection limit of 2.3 pCi/g listed in the FSAP or 
had results above the quantitation limit. Of the remaining ten samples, all but one achieved a 
detection limit between 2.3 pCi/g and 4.2 pCi/g. No detection limit exceeded the lowest action 
limit of 23 pCi/g in Table 5.2 of the SAP.

Page 607 of 732



Batches 16420, 16466, and 16485: There were no notable QC issues with these batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16482: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting error of 117%. All samples, except one, had results below the MDA. The 
sample result above the MDA was below the quantitation limit and has been flagged with a “B.” 
Because the result of the blank and the sample were below the quantitation limit, reanalysis was 
not performed. 

Batch 16610: The RPD between the sample and duplicate was 116%. The original digestates 
were reanalyzed with similar results. There was insufficient sample to perform a second 
preparation of the sample. A “c” flag has been applied to all samples in the batch. 

Batch 16776: The blank result displayed in Attachment 1 for sample S09V000509 
(<2.7E-6 �Ci/g), is different from that in the batch report (<1.95E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16776) while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which has now been analyzed twice. Currently, the Data Summary Report (Attachment 1) 
reports only one blank result; it is from the original batch. Additional programming is required to 
change this. The two blank results are essentially the same. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples. This method 
only measured the tritium in the samples which can be dissolved in water. This analysis achieved 
the required detection limit in the FSAP but could not meet the target detection limit. There were 
no notable issues with any of the tritium batches, and all QC requirements in the FSAP, SAP, 
and the QAPP were met. 

3.3.4 Selenium-79

The 79Se analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the target detection limit in the FSAP. No required detection limit was listed. 
No standard is currently available for 79Se. A cold carrier is used to monitor recovery and is 
measured gravimetrically. 

Batches 16105 and 16145: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batches 16188, 16194, and 16259: The preparation blanks for these batches demonstrated 
positive results below the quantitation limit, as did many of the samples. All results had very 
large counting errors and were below the target detection limit. Because of these factors, 
reanalysis was not required. The associated results have been flagged with a “B.” 

Batch 16409: The blank results displayed in Attachment 1 for sample S09V000509 
(<1.51E-6 �Ci/g) and S09V000666 (5.23E-6 �Ci/g) are different from that in the batch report 
(<2.2E-6 �Ci/g). This resulted from these samples being rejected and reanalyzed in a new batch 
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(16409), while the remaining samples in the original batch were reported from the original batch. 
Both batches share the same preparation blank, which has now been analyzed twice. The current 
Data Summary Report (Attachment 1) reports only one blank result; it is from the original batch. 
Additional programming is required to change this. The two blank results are essentially the 
same. Even though the original blank result for sample S09V000666 was positive, it had a 
counting uncertainty of 185%. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples. The 10-ft. to 
12-ft. interval from core hole C6404 did not retrieve sufficient liner material to produce a sample 
for this analysis. The analysis achieved the required detection limit in the FSAP but exceeded the 
target detection limit. This analysis will only detect water soluble forms of 14C. There were no 
notable issues with the batches, and all QC requirements in the FSAP, SAP, and the QAPP were 
met. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples. The 
analysis achieved the required detection limit in the FSAP but exceeded the target detection limit 
of 30 pCi/g. Most samples had detection limits of between 50 pCi/g and 100 pCi/g.  

Batches 15697, 16267, 16282, and 16392: There were no notable issues with these 63Ni batches, 
and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16240: The preparation blank had a positive result slightly above the MDA with a 
counting error of 412%. All samples, except one, had results below the MDA. The sample result 
above the MDA was below the quantitation limit and has been flagged with a “B.” Because the 
results for the blank and the sample were below the quantitation limit, reanalysis was not 
performed. 

Batch 16551: The blank result displayed in Attachment 1 for sample S09V000509 
(<5.65E-5 �Ci/g) is different from that in the batch report (<4.98E-6 �Ci/g). This resulted from 
the sample being rejected and reanalyzed in a new batch (16551), while the remaining samples in 
the original batch were reported from the original batch. Both batches share the same preparation 
blank, which was analyzed twice. The current Data Summary Report (Attachment 1) reports only 
one blank result; it is from the original batch. Additional programming is required to change this. 
The two blank results are essentially the same. 

3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite 
samples. The required and target detection limits in the SAP were met.  

Batches 16203, 16246, and 16307: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16468: The preparation blank result was above the quantitation limit but below the target 
detection limit. The customer contact agreed (see Attachment 5) that since the result was below 
the target detection limit, reanalysis was unnecessary. One of the samples in this batch had a 
result above the quantitation limit but below the target detection limit. This result has been 
flagged with a “B.” The remaining sample results were nondetect. 

Batch 16496: The preparation blank result was above the quantitation limit but below the target 
detection. Since the sample results were all nondetect, reanalysis was not required. 

3.3.8 Americium-241, Curium-243/244, and Curium-242

Analysis for 241Am, 243/244Cm, and 242Cm was performed on a strong acid digest of all liner 
composite samples. For this analysis, there were no notable issues with any batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. The required detection limit in the 
SAP was met, and all but three samples met the target detection limit. 

3.3.9 Plutonium-238 and Plutonium-239/240 

Plutonium isotopic (238Pu and 239/240Pu) analysis was performed on a strong acid digest of all 
liner composite samples. For this analysis, there were no notable issues with any batches and all 
QC requirements in the FSAP, SAP, and the QAPP were met. The required and target detection 
limits in the SAP were met  

3.4 ORGANIC ANALYSES 

3.4.1 Volatile Organic Analysis 

The VOA was performed on all field samples by purge and trap. Field sampling, sample 
containers, and preservation followed SW846-5035. The soil samples were delivered in a 
freezer, in pre-weighed VOA vials with magnetic stir bars and approximately 5 g of sample. 
After receipt, the VOA samples were stored in a freezer. For each sample interval, an additional 
high level sample preserved in methanol was also received. These were not used because none of 
the results for the frozen samples were above the calibration range. The exact weight of the 
sample and the tare weight of the VOA vials were recorded by sampling personnel and delivered 
with the samples. Four liquid trip blank samples were also received and analyzed. The samples 
were preserved with either HCl or H2SO4 to a pH < 2. 

The holding time for all samples is 14 days. All samples but two meet the required holding time. 
Sample B1YTB2 (S09V000410), a soil sample, exceeded the holding time requirement by 
2 days. This was caused by a lack of facility resources (radiological control technicians), which 
was beyond the control of the analytical staff contractor at 222-S. The facility operator is 
addressing the issue by hiring additional facility support staff. Sample B1YY24 (S09V000493), a 
trip blank, was analyzed 1 day beyond the required holding time. This was due to an oversight by 
222-S analytical personnel. The laboratory believes that the affect of the holding time 
exceedance on sample results is minimal. A study by the Department of Energy and others have 
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shown that exceedances of less than 2 weeks produce no statistical difference and only a few 
compounds are affected for up to 6 weeks (see Reference Section). 

The VOA analysis met the target and required detection limits in the SAP with the following 
exceptions: for 2-nitropropane, one sample was slightly above the target detection limit; for 
cis-1,2-dichloroethene, trans-1,2-dichloroethene, m,p-xylene, o-xylene, and TCE, two samples 
were slightly above the target detection limits. These detection limit exceedances were caused by 
a less than 5 g aliquot in the VOA vial. The laboratory cannot adjust the amount of sample when 
following SW846-5035 and must analyze them as received. 

Loss of Internal Standards, Spike Compounds, and Surrogates: During the VOA analysis of 
the C Farm soil samples, low recoveries of the internal standard and surrogates were frequently 
experienced. At times, the instrument produced no response at all for these monitoring 
compounds. The issue was extensively investigated and was isolated to only the C Farm soil 
samples. Liquid samples and laboratory prepared soil standards (using laboratory VOA vials and 
stir bars) were not affected. The C Farm soil samples were analyzed on different instruments, 
which eliminated instrumentation as the problem. The laboratory believes that this problem is 
related to the sample matrix and/or the oversized stir bars used by the client. Additionally, it was 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging. The problem was determined to be some type of blockage that impeded purge flow. The 
laboratory eventually developed a technique that provided improved results. This technique 
consisted of lightly shaking the VOA vial while monitoring purge flow with an in-line flow 
meter. The laboratory has requested that the client discontinue the use of the large stir bar and 
use different VOA vials.

The purpose of the internal standard is to compensate for fluctuation and drift in instrument 
response. The instrument responses for spikes, surrogates, or compounds found in the sample are 
adjusted base on their closest internal standard. A complete loss of internal standard undoubtedly 
invalidates the sample results. However, low internal standard recoveries do not necessarily 
mean that the data is unusable. SW846 only specifies minimum internal standard recovery 
requirements for the CCV, not the samples. While there are no regulatory limits for internal 
standard recoveries in a sample, there are practical limitations to the amount of fluctuation that 
can be tolerated before quantitation is affected. Typically that value is around the limits specified 
for the CCV (-50 to +100% drift). The further that the sample internal standards are from the 
established CCV limit, the more likely the quantitation is adversely affected. When internal 
standard recoveries fall outside these limits, surrogate recoveries may be used to evaluate any 
adverse effects on quantitation. On all samples exhibiting low internal standard responses, 
associated surrogate recoveries were evaluated to determine if the loss had significant effect on 
the reported results. Based on this evaluation, the laboratory believes that the VOA results 
contained in this report are useable. 

Samples and their associated MS and matrix spike duplicate (MSD) were initially analyzed 
together in a single analytical run. However, because of the frequent internal standard failures, 
many reanalyses were required. Due to the limited number of extra sample vials (five per 
sample), the reanalysis did not typically contain the original sample, MS, and MSD. 
Consequently, the analytical batches contained in this report have sample and associated QC 
results for different analytical runs, which were often on different days. The construction of 
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batches in this manner was necessary for the laboratory information management system to 
associate a sample and its MS/MSD pair. All information and data concerning the analysis and 
reanalysis are contained in the VOA section of Appendix B. 

The discussion below of the individual batches will not contain additional information 
concerning the low recoveries of internal standards. Detailed information for each sample is 
contained Appendix B.

Batch 14157: The method blank contained 1,2-dichloroethane and acetone below the estimated 
quantitation limit. Since the sample results were below the MDL for these compounds, reanalysis 
is not required. The LCS demonstrated a high recovery for acetone, 1-butanol, 2-butanone, and 
methyl isobutyl ketone (MIBK). Since these compounds were non-detect in the sample, 
reanalysis is not required. Sample results have been flagged with an “a.” 

Batch 14180: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15471: The RPD between the MS and MSD failed to meet the 30% requirement for 
acetone, 1-butanol, 2-butanone, and MIBK. Since the sample did not contain quantifiable 
amounts of these compounds, reanalysis was not necessary. However, the sample results were 
flagged with a “c” indicating a batch precision failure. The MS failed slightly high at 131% for 
2-butanone. Since this compound was not detected above the quantitation level, reanalysis was 
not required. The sample was flagged with a “b.” 

Batch 15472: The second method blank contained acetone below the estimated quantitation 
limit. Since the associated sample did not contain acetone above the estimated quantitation limit, 
reanalysis is not required. A “B” flag has been applied to the sample result. Toluene was present 
in the second method blank below the estimated quantitation limit. Since the associated sample 
results were below the MDL, the data was not affected. The first LCS demonstrated a high 
recovery for 1,1-dichloroethene, MIBK, acetone, and 2-butanone. Since these compounds were 
not detected in the samples above the estimated quantitation limit, reanalysis is not required. 
Sample results have been flagged with an “a.” The MS recovery for 1-butanol was above the 
30% requirement and a “b” flag has been added to the associated results. Since this compound 
was not detected in the associated samples, reanalysis was not required. The CCV %D exceeded 
the ±20% requirement for trichlorofluoromethane, 1,1-dichloroethene, carbon disulfide, acetone, 
and 2-butanone. All were above the expected value. Since all compounds were either not 
detected or below the estimated quantitation limit, the results were not affected and reanalysis 
not required. The CCV met the 15% average %D requirement. 

Batch 15474: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. The CCV for acetone 
exceeded the 20% %D requirement. Since the CCV was above the calibration amount and the 
sample was nondetect, reanalysis was not required. 

Batch 15476: The method blank contained acetone below the estimated quantitation limit. Since 
the associated sample did not contain acetone, reanalysis is not required. 
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Batch 15477: The method blank contained acetone below the estimated quantitation limit. Since 
the associated samples did not contain acetone above the estimated quantitation limit, reanalysis 
is not required. All acetone results were slightly above the MDL and have been flagged with a 
“B.” The RPD between the MS and MSD exceeded the 30% requirement at 31% for 1-butanol. 
Since the samples were nondetect for this compound, reanalysis was not required. A “c” flag was 
added to the associated sample results. The CCV for acetone exceeded the 20% %D requirement. 
Since the CCV was above the calibration amount and the samples were below the estimated 
quantitation limit, reanalysis was not required.  

Batch 15479: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15491: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477.

Batch 15492: Other than the previously discussed internal standard issue, there were no notable 
issues with this batch and all QC requirements in the FSAP, SAP, and the QAPP were met. Since 
the client only required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD 
in this batch. The MS/MSD for core hole C6406 is in batch 15477, and the MS/MSD for core 
hole C6402 is in batch 15471.

Batch 15493: There were no notable issues with this liquid sample batch, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15503: The method blank contained acetone below the estimated quantitation limit. Since 
associated samples did not contain acetone above the estimated quantitation limit, reanalysis is 
not required. Two samples contained acetone at slightly above the MDL and have been flagged 
with a “B.” The method blank contained toluene below the estimated quantitation limit. Since 
associated samples did not contain toluene above the MDL, reanalysis was not required. 

Batch 15525: The CCV %D for 1-butanol was slightly high at 20.6%. Since the sample did not 
contain 1-butanol above the MDL, the result was not adversely affected. Since the client only 
required an MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. 
The MS/MSD for core hole C6404 is in batch 15674. 

Batch 15671: The CCV associated with the field samples and the MSD for sample B1TY75 
(S09V000125) had a %D of -23% for 1-butanol. This could indicate that positive results for 
1-butanol could be biased low. A laboratory-defined “Y” flag has been applied to these results. 
1-butanol was not detected in these samples. Additionally, the MSD was recovered at 90%, 
indicating that the low CCV had minimal affect on the results. The CCV associated with the 
MS/MSD for sample B1YT72 (S09V000124) and MS for sample B1YT75 (S09V000125) had a 
%D of -30% for 1-butanol. The recoveries for the field quality control samples were within the 
required 70% to 130%, indicating that the low CCV had minimal effect on the analysis results. 
The average %D was less than 15%, which meets the SW-846 requirement.
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Batch 15673: The CCV %D exceeded the 20% limit for acetone. Acetone was recovered above 
the expected calibration value. This could indicate a high bias for acetone sample results. Since 
the sample result for acetone was below the estimated quantitation limit, reanalysis was not 
required and the data was not affected. The method blank contained acetone and toluene below 
the estimated quantitation limit. The sample contained acetone below the estimated quantitation 
limit and was nondetect for toluene. Since all results (blank and sample) were below the 
estimated quantitation limit, reanalysis was not required. Since the client only required an 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6400 is in batch 15503. 

Batch 15674: The CCV had a %D at -21% for 1-butanol. This could indicate that positive results 
for 1-butanol could be biased low. A laboratory defined “Y” flag has been applied to these 
results. 1-butanol was not detected in these samples. The LCS and MS/MSD recoveries were 
within the required limits, indicating that the low CCV had minimal effect on the analysis 
results. The average %D was less than 15%, which meets the SW-846 requirement.

Batch15785: The LCS recoveries for 1-butanol, 2-butanone, MIBK, and acetone were above the 
required 130%. The sample did not contain these compounds above the MDL, so the results were 
not affected. The method blank contained toluene below the estimated quantitation limit. Since 
the associated sample did not contain toluene above the MDL, reanalysis was not required. The 
CCV %D for 1-butanol was slightly high at 20.1%. Since the sample did not contain 1-butanol 
above the MDL, the result was not adversely affected. Since the client only required and 
MS/MSD pair per core hole (see Attachment 5), there is no MS/MSD in this batch. The 
MS/MSD for core hole C6404 is in batch 15674. The average %D was less than 15%, which 
meets the SW-846 requirement. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples except B20XV5 and B20XW3. These samples were not analyzed 
based on the client’s instructions. Each extract was analyzed twice using two separate calibration 
curves to provide calibrated results for all compounds listed in the FSAP and SAP. All holding 
times were met except for the extraction of sample B20XV9 (S09V000742). This was caused by 
failure to assign the test during log-in. 

Ten of the twenty-two samples contained a low level of bis (2-ethylhexyl) phthalate, which was 
not detected above the MDL in the method blanks. Additionally, low levels of 
di-n-butylphthalate were detected in four samples and was present in the method blank 
associated with two of the samples. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination could also be the 
source. If laboratory contamination is present, it will usually appear in the method blank. Due to 
the prevalence of low level phthalate contamination in the environment, it can be hard to 
determine the source of low level results. Equipment blanks can help isolate the source of 
phthalates, but no equipment blanks were analyzed with these samples. One possible source of 
phthalate could be the red plastic end caps used with the liners. It is the laboratory’s opinion that 
the use of these end caps should be discontinued. 
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The SVOA analysis met the required and target detection limits with two exceptions: 

� The adjusted MDLs for cyclohexanone were above the 0.5mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.5 mg/kg an 0.7 
mg/kg. The adjusted MDLs for di-n-butyl-phthalate were above the target detection limit 
of 0.33 mg/kg. The analysis achieved a detection limit of between 0.5 mg/kg and 0.7 
mg/kg for this compound. 

� LCS, MS, and MSD recoveries were compared against the laboratory’s statistical process 
control (SPC) limits, as required by SW-846. The use of SPC limits is allowed in the 
FSAP, SAP, and QAPP. 

Batches 14181, 14528, 14529, and 15811: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met.  

Batch 14169: The surrogate terphenyl-d14 was recovered below the laboratories SPC limits of 
75% to 175% at 62%. It is the laboratory’s opinion that this is not a particularly low recovery 
and the usability of the associated results was not affected. The SPC limits appear to be biased 
high. SPC limits are currently under review and will be updated. This bias is expected to be 
corrected. All other QC requirements were met. 

Batch 14527: Di-n-butylphthalate was detected in the method blank below the quantitation limit. 
However, the blank result exceeded 5% of the associated sample results. These results have been 
flagged with a “B.” Since the blank and sample results were below the quantitation limit, 
reanalysis was not required. No MS or MSD was analyzed with this batch. Since the client only 
required that an MS and MSD be analyzed once per core hole (see Attachment 5), this 
requirement was met in batch 14529. All other QC requirements were met. 

Batch 14580: For two samples, the surrogate terphenyl-d14 was recovered below the 
laboratory’s SPC limits of 75% to 175% at 64% and 58%. It is the laboratory’s opinion that this 
is not a particularly low recovery and the usability of the associated results was not affected. The 
SPC limits appear to be biased high. SPC limits are currently under review and will be updated. 
This bias is expected to be corrected. All other QC requirements were met. 

Batch 15509: All QC requirements were met. However, a large cyclohexene peak was detected 
during the second analysis of the samples. Since the TICs were reported from the 1st analysis 
only, this peak has not been reported. The laboratory believes that the cyclohexene was present 
in the methylene chloride used for the extraction. 

3.4.3 Tentatively Identified Compounds 

Unassigned peaks or TICs were treated as follows. Standards were obtained and analyzed for 
each secondary analyte identified in the SAP. This data was accumulated in the Hanford library. 
Following analysis, the largest TICs with instrument responses greater than 10% of the response 
of the nearest internal standard were evaluated and compared to the Hanford library. The 
estimated concentration of these TICs was calculated using measured response factors from the 
Hanford library compound list. 
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After comparison to the Hanford library, remaining unknowns were compared to the National 
Institute of Standards and Technology (NIST) 02, HP Mass Spectral (compound) Libraries. The 
estimated concentration of compounds identified from the NIST library was calculated based on 
an arbitrary response factor of 1.0. If the compounds were not identified as a result of this 
comparison, they were reported as “unknown.” Summaries of the SVOA and VOA TICs from 
the field samples and method blanks are provided in Attachment 4. TICs found in the field 
samples and which were present in the associated batch method blank have been flagged with 
“B.”

4.0 PROCEDURES

Table 2 lists the analytical procedures used for analysis of the C-Farm samples.  

Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

Cyanide LA-695-103, Rev. I-0, J-0 (SW-846 
9010C) 

LA-695-103, Rev. I-0, J-0 
(SW-846 9014) 

Sulfide LA-361-101, Rev. D-0 (SW-846 
9030B) 

LA-361-101, Rev. D-0 
(SW-846 9215) 

pH Direct LA-212-105, Rev. G-0 
(SW-846 9045D) 

Mercury – Cold Vapor 
Atomic Absorption 

LA-325-106, Rev. G-0 (SW-846 
7470A, 7471A) 

LA-325-106, Rev. G-0 
(SW-846, 7470A, 7471A) 

Ammonia – IC LA-544-112, Rev. D-0 LA-533-101, Rev. O-0 
Anions & Organic Acids – IC LA-504-101, Rev. L-0 LA-533-115, Rev. J-0 
Metals – ICP /AES LA-505-163, Rev. F-0 (SW-846 

3050B) 
LA-505-161, Rev. I-0, J-0a 
(SW-846 6010C) 

99Tc, 126Sn – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Metals – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-103, Rev. A-0 
(SW-846 6020A) 

Actinides – ICP/MS LA-505-163, Rev. F-0 (SW-846 
3050B) 

LA-506-102, Rev. E-0 

Radiochemical Analyses 
GEA Direct LA-548-121, Rev. I-0 
90Sr – Separation/Beta 
counting

LA-544-101, Rev. F-0 LA-220-101, Rev. I-0 

Tritium – LSC LA-504-101, Rev. L-0 LA-218-114, Rev. F-0 
14C – LSC LA-504-101, Rev. L-0 LA-348-104, Rev. H-0 
79Se – Separation/LSC LA-544-101, Rev. F-0 LA-365-102, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA LA-544-101, Rev. F-0 LA-378-105, Rev. C-0 
241Am, 243/244, 242Cm – 
Separation/AEA

LA-544-101, Rev. F-0 LA-953-104, Rev. H-1 

239/240, 238Pu – Separation/AEA LA-544-101 Rev. F-0 LA-953-104, Rev. H-1 
Organic Analyses 

VOC – GC-MS Direct LA-523-118, Rev. G-0 
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Table 2. Analytical Procedures. 

Analysis Preparation Method Analysis Procedure 
SVOC – GC/MS LA-523-138, Rev. F-0 (SW846-

3540C)
LA-523-135, Rev. C-0 
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None

No LCS performed for Se-79 analysis.
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Sample B1YT71 Ni recovery (for Ni-63) = 113%

None

None
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None

None

None
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