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Date:  15 July 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Volatile Organics - Sample Data Groups (SDGs) 20090573,  20090574, 20090607 & 
20090609 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090573, 20090574, 
20090607 & 20090609 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 
B20XW8 07/30/09 Soil C 8260 
B20XX1 07/30/09 Soil C 8260 
B20XX4 07/30/09 Soil C 8260 
B20XX7 08/03/09 Soil C 8260 
B211W5 08/04/09 Soil C 8260 
B211W8 08/04/09 Soil C 8260 
B211X1 08/05/09 Soil C 8260 
B211X4 08/05/09 Soil C 8260 
B211X9 07/30/09 Soil C 8260 
B211Y0 07/30/09 Soil C 8260 
B211Y5 08/11/09 Soil C 8260 
B211Y8 08/11/09 Soil C 8260 
B21201 08/11/09 Soil C 8260 
B21204 08/12/09 Soil C 8260 
B21205 08/13/09 Soil C 8260 
B21207 08/13/09 Soil C 8260 
B21210 08/13/09 Soil C 8260 
B21213 08/17/09 Soil C 8260 
B21216 08/17/09 Soil C 8260 
B21221 08/10/09 Soil C 8260 
B21222 08/10/09 Soil C 8260 
B1YY17 08/03/09 Water C 8260 
B21733 07/30/09 Water C 8260 
B21734 08/03/09 Water C 8260 
B21735 08/04/09 Water C 8260 
B21736 08/05/09 Water C 8260 
B21737 08/10/09 Water C 8260 
B21738 08/11/09 Water C 8260 
B21739 08/12/09 Water C 8260 
B21740 08/13/09 Water C 8260 
B21741 08/17/09 Water C 8260 
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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 with the 
following exceptions.  The holding times for samples B21207 and B21210 were exceeded by one 
day.  Both sample results for hexane were detects and should be qualified as estimates and 
flagged “J.”  For both samples, the methylene chloride results were detects and would be flagged 
as “J,” but were further qualified as non-detect estimates at the target detection limit (TDL) 
concentration due to blank contamination.  The results were changed to 2.0 and flagged “UJ”.  
The remaining sample results 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 SDG 20090573 batch 00016172, the methylene chloride and toluene laboratory blank results 
were > the method detection limits (MDLs).  The methylene chloride results for samples 
B1YY17, B21733 and B21734 were detects >10X the blank result and should not be qualified 
for the blank infractions.  The toluene results for these samples were detects at <10X the blank 
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result (SAP required detection limits not provided for aqueous samples) and should be qualified 
as non-detects at the reported concentrations (0.49, 0.49 and 0.55, respectively) and flagged “U.”   
 
For SDG 20090607 batch 00016177, the methylene chloride laboratory blank result was > the 
MDL.  The methylene chloride results for samples B211Y5, B211Y8, B21204, B21221 and 
B21222 were detects < the SAP TDL (RDL not supplied in SAP) and <10X the blank result and 
should be qualified as non-detects at the TDL (2.0 ug/kg) and flagged "U".  The methylene 
chloride result for sample B21201 was a non-detect and should not be qualified for the blank 
infraction. 
 
For SDG 20090574 batch 00016178, the methylene chloride laboratory blank result was > the 
MDL.  The methylene chloride results for all associated samples were non-detects and should 
not be qualified for the blank infraction. 
 
For SDGs 20090573 and 20090609 batch 00016179, the acetone and methylene chloride 
laboratory blank results were > the MDL.  The methylene chloride results for samples B21736 
and B21737 were detects >10X the blank result and should not be qualified for the blank 
infraction.  The methylene chloride result for sample B21738 was a detect at <10X the blank 
result (SAP required detection limits not provided for aqueous samples) and should be qualified 
as non-detect at the reported concentration (2.2) and flagged “U.”  The acetone results for all 
associated samples were non-detects and should not be qualified for the blank infraction. 
 
For SDG 20090609 batch 00016180, the methylene chloride and toluene laboratory blank results 
were > the MDLs.  The associated results for samples B21740 and B21741 were detects <10X 
the blank result (SAP required detection limits not provided for aqueous samples) and should be 
qualified as non-detects at the reported concentrations and flagged “U.”  See the table in 
Appendix 2 for a listing of all affected sample results. 
 
For SDG 20090607 batch 00016182, the methylene chloride laboratory blank result was > the 
MDL.  The methylene chloride results for samples B21207 and B21210 were detects < the SAP 
TDL (RDL not supplied in SAP) and <10X the blank result and should be qualified as non-
detects at the TDL (2.0 ug/kg) and flagged "U".  The methylene chloride result for sample 
B21216 was a detect > the SAP TDL (RDL not supplied in SAP) and <10X the blank result and 
should be qualified as non-detects at the reported concentration and flagged "U".   
  
For SDG 20090609 batch 00016183, the acetone laboratory blank result was > the MDL.  The 
acetone result for sample B21739 was non-detect and should not be qualified for the blank 
infraction. 
 
Trip Blanks
 
All trip blank results were acceptable with the following exceptions.  Methylene chloride was 
detected in all trip blanks.  The methylene chloride results for trip blanks B21738, B21740 and 
B21741 were qualified as non-detects due to laboratory blank contamination.  Toluene was 
detected in trip blanks B21733, B21734, B21736, B21737, B21738, B21740 and B21741.  The 
toluene results for trip blanks B21733, B21734, B21740 and B21741 were qualified as non-
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detects due to laboratory blank contamination.  Hexane was detected in trip blanks B21736, 
B21737 and B21738.   
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
All equipment blank results were acceptable with the following exceptions.  Methylene chloride 
and toluene were detected in equipment blank B1YY17.  The toluene result for the equipment 
blank was qualified as a non-detect due to laboratory blank contamination.   
 
� 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 SDG 20090607, 
batch 00016181, the MS and MSD percent recoveries were above the upper acceptance limit for 
hexone, acetone and 2-butanone.  All associated sample results were non-detects and should not 
be qualified for the MS infractions.  
 
For SDG 20090609, batch 00016180, the MS percent recover was below the lower acceptance 
limit for acetone.  The associated sample results were non-detects and should be qualified as 
extimates and flaged "UJ" for the MS infraction.  See the table in Appendix 2 for a listing of all 
affected sample results. 
 
For the SDGs and batches associated with all samples except B1YY17, B21733, B21734, the 
only 8260 MS/MSD analytes reported were 1,1-dichloroethene, benzene, chlorobenzene, 
toluene, trichloroethene, 1-butanol, hexone (4-methyl-2-pentanone), acetone and 2-butanone.  
Reported analytes not represented in the MS/MSDs were hexane, trans-1,3-dichloropropene and 
carbon disulfide.  Trans-1,3-dichloropropene and carbon disulfide were non-detects in the 
samples and should be qualified as estimates and flagged “UJ.”  The hexane results for all 
associated samples were detects and should be qualified as estimates and flagged “J.”  See the 
table in Appendix 2 for a listing of all affected sample results. 
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For SDG 20090573 batch 00016172, the only 8260 MS/MSD analytes reported were hexane, 
1,1-dichloroethene, benzene, chlorobenzene, toluene, trichloroethene, 1-butanol, hexone (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 associated samples, B21733, B21744 and B1YY17, 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 the SDGs and batches associated with all samples except B1YY17, B21733, B21734, the 
only 8260 LCS analytes reported were 1,1-dichloroethene, benzene, chlorobenzene, toluene, 
trichloroethene, 1-butanol, hexone (4-methyl-2-pentanone), acetone and 2-butanone.  Reported 
analytes not represented in the LCS were hexane, trans-1,3-dichloropropene and carbon 
disulfide.  Trans-1,3-dichloropropene and carbon disulfide were non-detects in the samples and 
should be qualified as estimates and flagged “UJ.”  The hexane results for all samples were 
detects and should be qualified as estimates and flagged “J.”  See the table in Appendix 2 for a 
listing of all affected sample results. 
   
For SDG 20090573 batch 00016172, the only 8260 LCS analytes reported were hexane, 1,1-
dichloroethene, benzene, chlorobenzene, toluene, trichloroethene, 1-butanol, hexone (4-methyl-
2-pentanone), acetone and 2-butanone.  Reported analytes not represented in the LCS were trans-
1,3-dichloropropene and carbon disulfide.  These two analytes were non-detects in the associated 
samples, B21733, B21744 and B1YY17, 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 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. 
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Field Duplicate Samples
 
All field duplicate relative percent difference values were acceptable with the following 
exceptions.  For SDG 20090574, sample B211X9 and its duplicate B211Y0 had a hexane RPD 
above the upper acceptance limit.  For SDG 20090607, sample B21221 and its duplicate B21222 
had a hexane RPD above the upper acceptance limit. 
 
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 20090573, 20090574, 20090607 and 20090609 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. 
 
MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of all sample results for samples B21207 and B21210 
as estimates were due analysis beyond 1X, but within 2X the holding time.  
 
Minor deficiencies leading to qualification of methylene chloride and toluene results as estimates 
due to laboratory blank infractions.   
 
Minor deficiencies leading to qualification of an acetone result as estimate due to MS recovery.   
 
Minor deficiencies leading to qualification of hexane, trans-1,3-dichloropropene and carbon 
disulfide sample results as estimates were due non-represented QC data. 
 
The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  
The lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all 
results are simply switched. 
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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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Volatile Organics Data Qualification Summary 
SDGs: 20090573, 

20090574, 20090607 & 
20090609 

Reviewer: AQA Project: WMA C Page 1 of 2 

Analyte(s) Qualifier Samples Affected Reason 

trans-1,3-
Dichloropropene 
Carbon disulfide 

UJ B21205*, B21207* 
and B21210 

Analyzed beyond the 
holding time but within 
2X the holding time and 

Non-represented 
MS/MSD and LCS data 

trans-1,3-
Dichloropropene 
Carbon disulfide 

UJ 

B1YY17, B21733, 
B21734,  B21735, 
B21736, B20XW8, 
B20XX1, B20XX4, 
B20XX7, B211W5, 
B211W8, B211X1, 
B211X4, B211X9, 
B211Y0, B21737, 
B21738, B21739, 
B21740, B21741, 
B211Y5, B211Y8, 
B21201, B21204, 
B21213, B21216, 
B21221, B21222 

Non-represented 
MS/MSD and LCS data 

Hexane J 

B21736, B20XW8, 
B20XX1, B20XX4, 
B20XX7, B211W5, 
B211W8, B211X1, 
B211X4, B211X9, 
B211Y0, B21737, 
B21738, B211Y5, 
B211Y8, B21201, 
B21204, B21213, 
B21216, B21221, 
B21222 

Non-represented 
MS/MSD and LCS data 

Hexane J B21207 and B21210 
Analyzed beyond the 

holding time but within 
2X the holding time 

Acetone UJ B21740 & B21741 Low MS recovery 
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SDGs: 20090573, 
20090574, 20090607 & 

20090609 
Reviewer: AQA Project: WMA C Page 2 of 2 

Analyte(s) Qualifier Samples Affected Reason 

Methylene Chloride 2.0UJ B21207 and B21210 

Analyzed beyond the 
holding time but within 
2X the holding time and 

blank contamination 

Methylene Chloride 2.0U 
B211Y5, B211Y8, 

B21204, B21221 and 
B21222 

Blank contamination 

Methylene Chloride 2.2U B21738 Blank contamination 
Methylene Chloride 2.8U B21216 Blank contamination 
Methylene Chloride 3.1U B21740 Blank contamination 
Methylene Chloride 3.3U B21741 Blank contamination 

Toluene 0.49U B1YY17 Blank contamination 
Toluene 0.49U B21733 Blank contamination 
Toluene 0.55U B21734 Blank contamination 
Toluene 0.18U B21740 Blank contamination 
Toluene 0.18U B21741 Blank contamination 

 
Comments:  
*The COCs specify the full analysis suite for sample B21207, and VOA only for sample 
B21205.  The lab reported the full analysis suite for B21205, and VOA for B21207.  It is 
assumed that all results are simply switched. 
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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: C7466 AND C7468 

IN SUPPORT OF RCRA SOIL CHARACTERIZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between July 30th and August 17th, 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 other 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 Reports 
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 SAMPLE RECEIPT 
A total of 20 core intervals from two core holes along with one equipment blank and nine trip 
blanks were received by 222-S beginning July 30th  and ending August 17th, 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 the following samples: 
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� C7466 – I-004 all samples 
� Trip Blank-2 
� Equipment Blank 

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.  

2.2 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. Two core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The surface samples were received as a 
set of VOA samples and two 500 mL jars. The liner samples from each core interval were 
extruded, described, and composited by the Washington River Protection Solutions, Inc. (WRPS) 
geologist. The surface samples were also described. 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. 

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 
results from gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic 
compounds (SVOC) and volatile organic compounds are 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 (MDA) for radionuclides. 

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

“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. 
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“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 Attachments 1 and 4 contain 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. 

“E” indicates that the result was above the calibration range. 

“J” indicates that the reported result should be considered an estimate This flag was used 
in this report to denote: 

� Results below the quantitation limit, but above the MDL.  
� Results above MDA, but with a counting uncertainty greater than 30%. 
� Results are estimated values.  

 “N” indicates a TIC which has been named. 

 “T” indicates a TIC. 

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

“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 percent difference (%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. 

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 
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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 and the 
equipment blank. All analyses met the SW846 holding time of 14 days. 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. 

Batches 15506 and 15820: There were no notable issues with these batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15890: The MS failed low at 70% and the sample results have been flagged with a “b”. 
This MS was originally analyzed in batch 15891 with a low recovery of 74%. Since the MS was 
distilled and analyzed twice with similar results the laboratory did not believe additional 
reanalysis was necessary.  

Batch 15891: The MS originally contained in this batch was recovered low at 74% and was 
prepared and reanalyzed with all samples except S09V000957 in batch 15890. The MS was 
recovered low at 70% in the reanalysis. In order to include sample S09V000957, all samples 
were reported from the original analysis and flagged with a “b”. The MS was reported in batch 
15890. Since the client only required one MS per core hole (see Attachment 5), this project QC 
requirement was met.
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3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples and the 
equipment blank. All analyses met the SW846 holding time of 7 days except for the equipment 
blank by one day. There was no required reporting limit in the SAP for sulfide. The target 
detection limit was 5 �g/g. The sample results had adjusted MDLs of 6.3 to 7.4 �g/g.

Batches 15367, 15480, 15484, 15668, and 15753: There were no notable issues with these 
batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15752: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 33%. 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 and the equipment blank. 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 for the soils were taken 
immediately after the water leach was performed, but the sampling to analysis date varied from 1 
to 16 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 had no apparent effect on the results. However, the client’s expectation was that 
analysis would be performed within 14 days. Only 3 samples were analyzed outside of 14 days.  
Due to an oversight error by the laboratory’s analytical staff, the pH for the equipment blank was 
analyzed 31 days after sampling. Since this analysis has little or no significance and was only 
performed in order to meet a requirement in DOE/RL-96-68, the overall data quality for the 
project was not affected. 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 and 
the equipment blank. All results met the QC requirements in the FSAP, SAP, and QAPP. All 
analyses met the holding time of 28 days. 

This analysis met the target detection limits. The required detection limit of 0.01�g/g was not 
met for these samples. The detection limits vary from 0.018 �g/g to 0.048 �g/g. This was caused 
by using too small of an aliquot, and apparently was an oversight error by the laboratories 
analytical staff. The final batch report was not reviewed in time by the project manager for the 
samples to be reanalyzed within the holding time. The lowest risk-driven reporting limit 
requirement in Table 5-3 of the SAP was 0.1 �g/g, which was met. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for ammonium was performed using a distillation preparation of the liner composite 
samples and the equipment blank. The SAP lists an administrative holding time of 7 days. The 
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laboratory believes that after distillation and preservation, the appropriateholding time 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. Three samples were analyzed 
outside of the administrative 7-day holding time: B20XX5 (S09V001022), B211W3 
(S09V001023), and B211W6 (S09V001024). One sample B1YY17 (S09V000932), was 
analyzed outside of the EPA 28 day holding time. These missed holding times were 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 15684, 15714, and 16081: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15429: The duplicate RPD exceeded the required 30%. Since the results for these analytes 
were below the quantitation limit, the criterion does not apply. 

Batch 15819: The spike and duplicate for this batch was reported in batch 15429. This met the 
client requirement of one spike and one duplicate per core hole (See Attachment 5). 

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 and a direct aliquot the equipment blank. 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 practices 
were developed for the analysis of concentrated waste, which typically does not include the use 
of predigestion spikes for this analysis. The laboratory will change to predigestion spike for 
future Vadose Projects. 

In general, these samples experienced high RPDs in most batches, but only fluoride exceeded 
30% with a result above the quantitation limit. Most samples were reanalyzed with little or no 
improvement. Other analyses also experienced high RPDs. The exact cause of the RPD failures 
is unknown at this time, but it is the laboratory’s opinion that it is matrix related. The “c” flag 
has been applied to the fluoride results for all samples in the batch, not just the sample used for 
the duplicate analysis. 

Only bromide and fluoride had required detection limits and these were met. All target detection 
limits were met. 

Batch15462: Results met all quality control requirements. 

Batch 16804: The RPD for acetate, formate, nitrite, and phosphate exceeded the required 30%. 
Since the results for these analytes were below the quantitation limit, the criterion does not 
apply. The RPD for fluoride also exceeded the 30% requirement in the SAP and the result was 
above the quantitation limit. All sample results for fluoride have been flagged with a “c.” The 
preparation blank results for formate, nitrite, sulfate, and nitrate were above the MDL but less 
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than the quantitation limit. Therefore, the data quality was not affected and reanalysis was not 
required. Sample results were “B” flagged if the blank result exceed 5% of the sample result. 

Batch16818: The RPD for acetate, formate, nitrite, sulfate, and nitrate exceeded the required 
30%. Since the result for these analytes were below the quantitation limit, the criterion does not 
apply.

Batch 17017: This analytical batch contained two preparation batches. Formate was present in 
the second preparation blank at levels below the quantitation limit; therefore, reanalysis was not 
required. Sample results have been flagged with a “B” when appropriate.  The RPD for sulfate 
and oxalate in the first preparation batch exceeded the required 30% in the SAP. Since the results 
for sulfate and oxalate were below the quantitation limit, the criterion does not apply.  The RPD 
for fluoride also exceeded the 30% requirement and the results were all above the quantitation 
limit. Therefore, all sample results for fluoride in this preparation batch have been flagged with a 
“c”. 

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectrometry 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples and a direct aliquot the equipment blank. 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 silicon experienced LCS failures and that reanalysis was not 
required for this secondary element. In particular, the digestion method used, which was an acid 
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. 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.  

Batch 16815: The initial low level standard (LLS) recovery for lanthanum failed low at 50%. 
This indicates that results near the LLS could be biased low and have been flagged with “J” to 
indicate these results are estimated. Lanthanum is a secondary analyte. The LCS for silicon was 
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recovered low at 51% and the results have been flagged with an “a”. This could indicate that 
results are biased low. Please see previous discussion concerning silicon. Since silicon is a 
secondary analyte, reanalysis was not required. Calcium and zinc were detected in the 
preparation blank below the quantitation limit and at less than 5% of the lowest sample result. 
Therefore, reanalysis was not required. The RPD for sulfur exceed the 30% requirement in the 
FSAP at 78% and a “c” flag has been applied to all results in the batch. Since sulfur is a 
secondary analyte, reanalysis is not required.  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 
recoveries for potassium, magnesium, and sodium exceeded the ±25% criterion in the SAP and 
FSAP. The associated sample results have been flagged with a “b.”  Since these are secondary 
analytes reanalysis was not required. The serial dilution results for manganese, silicon and 
titanium exceeded the QAPP requirement of 10% at  15%, 14%, and 11%, respectively. The 
laboratory believes this is due to matrix interference and/or sample inhomogeneity.  

Batch 16819: The LCS for silicon was recovered low at 77% and the results have been flagged 
with an “a”. This could indicate that results are biased low. Please see previous discussion 
concerning silicon. The preparation blank contained silicon and calcium below the quantitation 
limit and less than 5% of the lowest sample result.  Therefore, reanalysis was not required.  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 and silicon 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 22%. The laboratory 
believes this was due to an issue with the standard. Since tantalum is not a required analyte, 
reanalysis was not required. The sample result has been flagged with a “b”. The serial dilution 
results for silicon and sodium exceeded the QAPP requirement of 10% at 11% and 21%, 
respectively. The laboratory believes this is due to matrix interference and/or sample 
inhomogeneity. The closing LLS recovery for lanthanum was slightly above the 130% 
requirement in the analytical method at 136%.  Since the lanthanum results were well above the 
LLS, the laboratory does not believe the data quality is affected.  The RPD for tungsten exceeded 
the ±30% required by the FSAP and SAP. However, since the result was below the quantitation 
limit the criteria does not apply. The RPD for silicon exceeded the ± 30% requirement in the 
SAP and FSAP. Please see previous discussion concerning silicon. Since silicon is a secondary 
analyte, reanalysis was not required. 

Batch 16820: The ending LLS for lanthanum exceeded the ±30% requirement in the QAPP at 
136%. The lowest sample result has been flagged with a “J” indicating it could be biased high. 
The remainder of the sample results were well above the LLS level and were not flagged as 
estimated. The LSC was recovered low at 72% for silicon. The sample results have been flagged 
with an “a”. The MS for titanium, potassium, and silicon failed high. The results have been 
flagged with a “b” (please see previous discussion concerning silicon). Since these are  
secondary analytes, reanalysis was not required. The RPDs for cerium, copper, potassium, 
lithium, and sodium,  exceed the 30%, but the results were below the quantification limit; 
therefore, the criterion does not apply. The RPDs for chromium, lanthanum, neodymium, 
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titanium, yttrium, barium, zirconium, and magnesium exceeded the 30% requirement in the 
FSAP.  All associated results have been flagged with  a “c”.  As discussed above the laboratory 
believes these high RPDs were caused by matrix interference and/or sample inhomogeneity. 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 serial dilution for calcium exceed the ±10% requirement 
for calcium at 11% and silicon at 13%. Therefore, the calcium and silicon results have been 
flagged with an “e”. The laboratory believes this was caused by matrix interference. 

Batch 16892: There were no notable issues with this batch, and all QC requirements in the 
FSAP, SAP, and the QAPP were met. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy 

The ICP/MS actinide and trace metal analyses were performed on the SW846-3050 acid 
digestion of all liner composite samples and on a direct aliquot of the equipment blank. The 
ICP/MS 126Sn and 99Tc analysis was performed using the same digest, without the addition of the 
hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis because of the potential 
isobaric interference. 

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; however, standard 
material is not available for all the isotopes of interest.  Concentrations of those isotopes without 
available standards are estimated based on the instrument’s mass-response curve, which is 
generated by using the intensity/concentration relationship for the available isotope standards.
Results estimated in this manner are designated “semi-quantitative.”  

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 
analyzed within the holding time. However, due to an oversight, one sample, the equipment 
blank, was not analyzed within the holding time listed in the FSAP. This analysis exceeded the 
180 day holding time by 10 days. Since there is no evidence that 99Tc results would change over 
time when stored and acidified, the laboratory does not believe this exceedance affected the final 
results. In fact, the 99Tc standards used for this analysis are stored in the same way and have a 

Page 83 of 1623



one year shelf life based on laboratory procedure. The manufacturer does not list an expiration 
date for these standards.

Batches 16761 and 17846: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16735: The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. 

Batch 17060: The ICB and CCB blanks contained 126Sn below the quantification level. Since 
126Sn was not detected in the samples, the data quality was not affected and reanalysis was not 
required. The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. The RPD for 99Tc was greater than 30%, but the 
result was below the quantitation level; therefore, the criterion does not apply. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes. The FSAP lists the holding 
time for isotopic analytes as 6 months. All samples were analyzed within the holding time. 

Batch 16721: The preparation blank contained 238U and 232Th above the quantitation level but 
less than 5% of the lowest sample results, therefore no “B” flags were applied and reanalysis was 
not required. The preparation blank contained 235U below the quantitation level and less than 5% 
of the lowest sample result, therefore no “B” flags were applied and reanalysis was not required. 
The RPD for 234U exceeded the 30% requirement in the SAP. However, since the result was 
below the quantitation level, this criterion does not apply. 

Batch 16791: The ICB result for 232Th was below the quantitation limit and the sample result 
was below the MDL; therefore, reanalysis was not required. 

Batch 16797: 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 first CCB contained 236U below the quantitation limit, which had no effect 
on the data quality, since the sample results were below the MDL. The RPD for 234U exceeded 
the 30% requirement at 51%; since the sample result was below the quantitation limit, this 
criterion does not apply. The RPDs for 232Th, 235U and 238U exceeded the 30% requirement in the 
SAP at 43%, 38%, and 34%, respectively. These results were reported from a re-preparation and 
reanalysis due to similar recoveries in the initial analysis. The second analysis used a larger 
sample aliquot size but there was still no improvement. Based on this, the laboratory believes the 
high RPDs are a result of sample inhomogeneity and additional reanalysis is would not provide 
improved results. All associated results have been flagged with a “c”.  

Batch 16918: The preparation blank result for 232Th was below the quantitation limit and less 
than 5% of the sample results; therefore, reanalysis was not required and the data quality was not 
affected. The RPD for 233U exceeded the 30% requirement in the SAP. Since the result was 
below the quantitation level, this criterion does not apply. 
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Batch 17028: The CCB result for 237Np was below the quantitation limit and all sample results 
were below the MDL, therefore, reanalysis was not required. 

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 and 
target detection limits 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. Ten of the twenty sample results for selenium were above the 
target detection limit due to matrix interference. The SW846 holding time for metal analysis is 6 
months. All samples were analyzed within this holding time. 

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. The laboratory plans to use the required 
interference check standard for future projects. 

Batch 16972: 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. The duplicate RPD for thallium exceeded the 30% requirement at 
53%. Since the sample result was below the quantitation level, this criterion does not apply. 

Batch 16991: The preparation blank and two CCB results for nickel were above the MDL but 
less than the quantitation limit. Since the blank result was less than 5% of all sample results, 
reanalysis was not required. 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 
MS for selenium failed high at 135%. Since all selenium results were below the MDL, there was 
no effect on the data quality. The initial LLS for selenium was recovered at 270% and closing 
LLS for selenium was recovered at 68%. Since selenium was not detected in any of the samples, 
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. 

Batch 17076: The preparation blank results for silver and thallium were above the MDL but less 
than the quantitation limit. Since the blank results were 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 17146: The preparation blank result for selenium was above the MDL but less than the 
quantitation limit. However, since all sample results were below the MDL, the data quality was 
not affected. The duplicate RPD for lead exceeded the 30% requirement at 34%. Based on 
repeated RPD failures in other batches, the laboratory believes this high RPD was a result of 
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sample inhomogeneity and additional reanalysis was unnecessary. This was discussed with and 
accepted by the client (see Attachment 5). 

Batch 17235: The duplicate RPD for silver exceeded the 30% requirement at 44%. Since the 
sample result was below the quantitation level, this criterion does not apply. 

Batch 17286:The initial LLS for selenium was recovered at 33% and closing LLS for selenium 
was recovered at 16%. Since there was no instrument signal for selenium, even at a level below 
the MDL, the data quality was not affected.  Due to matrix interference the detection limit for 
this batch for selenium was 10 times that of the other batches. 

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. With the 
exception of 129I analysis, tracers and spikes are added after the digestion. Historically the 222-S 
Laboratory has predominantly analyzed  samples with high levels of radioactive isotopes. 
Adding enough tracer or spike to be detectable in these types of samples would increase the dose 
exposure for analytical personnel and be prohibitively expensive. Plans are in place to change 
this practice for environmental level samples and future Vadose Project samples will use 
predigestion spikes and tracers. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples and the equipment blank. 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 15411, 15679, 15680, and 16407: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15709: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the FSAP and SAP only requires one field duplicate per core hole (see Attachment 5). 
Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-89/90

Strontium-89/90 analysis was performed on a strong acid digest of all liner composite samples 
and a direct aliquot of the equipment blank. Twelve of the sample analyses met the required 
detection limit of 2.3 pCi/g listed in the FSAP. The remaining eight samples achieved a detection 
limit between 2.3 pCi/g and 4.1 pCi/g. No detection limit exceeded the lowest action limit of 23 
pCi/g in Table 5.2 of the SAP. No sample results met the target detection limit. 

Batches 16654, and 16666: There were no notable QC issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16490: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting uncertainty of 108%. All samples were below the MDA and the data 
quality was not affected. Therefore reanalysis was not required. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of the equipment blank. This method only measured the tritium that 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 and a 
direct aliquot of the equipment blank. The analysis achieved the target detection limit in the 
FSAP. No required detection limit was listed. No standard is currently available for 79Se. A 
calibration curve was developed using 14C, which has a similar beta energy profile. Additionally, 
a cold carrier is used to monitor recovery and is measured gravimetrically. These results should 
be considered semi-quantitative. There were no notable issues with any of the 79Se batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of equipment blank. 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. The analysis achieved the required detection limit in the FSAP but exceeded the target 
detection limit of 1 pCi/g. Most samples had detection limits of between 50 pCi/g and 80 pCi/g. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples and a 
direct aliquot of the field blank. The analysis achieved the required detection limit in the FSAP 
but exceeded the target detection limit of 30 pCi/g. The samples had detection limits of between 
50 pCi/g and 75 pCi/g.

Batches 16394, 16671, and 16767: There were no notable issues with these 63Ni batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16455: The preparation blank had a positive result slightly above the MDA with a 
counting uncertainty of 134%. The sample result was below the MDA, therefore reanalysis was 
not required. 
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3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite samples 
and the a direct aliquot of equipment blank. The required and target detection limits in the SAP 
were met. There were no notable issues with these batches, and all QC requirements were met. 

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 and a direct aliquot of the equipment blank. 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. 

3.3.9 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 and a direct aliquot of  the equipment blank. 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 and its associated methanol blank were 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. Nine liquid trip blank samples 
and one equipment blank 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 met the required holding time except for 
soil samples B21207 (S09V0001120), and B21210 (S09V0001121). These samples were 
analyzed one day outside the holding due to internal standard and surrogate failures on the initial 
analysis, which was within the holding time. The laboratory believes that the effect of the 
holding time exceedance on sample results is minimal. A study by the Department of Energy and 
others have 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: 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. These detection limit exceedances 
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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 standards 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. 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 laboratory also 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging.

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 based 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 
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. 

Hexane was present in all core samples and three trip blanks. None of the method blanks or the 
equipment blank contained hexane above the MDL. Sixteen of the core samples contain hexane 
above the quantitation limit and 3 samples were more than 10 times the quantitation limit. None 
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of the trip blanks contained hexane above the quantitation. This would indicate that soil 
contamination is a likely source of the hexane. However, since hexane was used in the sampler 
cleaning process, this cannot be ruled out as the source. 

Methylene chloride was present in all trip blanks, the equipment blank and eight core samples. 
Eleven samples contained methylene chloride above the quantitation limit. Only one core sample 
contained methylene chloride above the quantitation limit. The method blank associated with this 
sample contained methylene chloride above the quantitation limit and was actually higher than 
the sample. The trip blank levels for methylene chloride were quite high (up to 100 times the 
quantitation limit), but the associated method blanks were below the quantitation limit and one 
was below the MDL. This indicates that the methylene chloride found in the trip blanks and 
equipment blank is contamination from the water used to make these blanks. The lower results 
for methylene chloride in the core samples and method blanks appear to be laboratory 
contamination.  

Styrene was detected in eight core samples below the quantitation limit. Styrene was not detected 
in any blanks. At this low concentration, the styrene could represent soil contamination or 
possibly a natural plant product. 

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 in Appendix B.

Batches 15470 and 16176: Other than the issues addressed in the preceding paragraphs, all QC 
requirements in the SAP, FSAP, and ATL-MP-1011 were met for these batches.

Batch 16172: Methylene chloride was detected in the method blank at a concentration above its 
MDL but below the quantitation limit. Methylene chloride was detected in all samples in this 
batch above the quantitation limit. However, the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples. 
Therefore, the samples were “B”-flagged. Since the concentration of methylene chloride was less 
than the quantitation limit, reanalysis was not required. Toluene was also detected in the method 
blank and the samples at concentrations above the MDL but below the quantitation limit. The 
samples were “B”-flagged, because the concentration of toluene in the blank was greater than 
5% of concentration of toluene in the samples. Since the concentration of toluene in the samples 
and blank were below the quantitation limit, reanalysis was not required. All samples in this 
batch were blanks. 

Batch 16177: The method blank contained methylene chloride at a concentration above the 
MDL but below the quantitation limit . Methylene chloride was detected below the quantitation 
limit in all samples in this batch except one. Since the blank result was more that 5% of the 
sample results above the MDL, these results have been flagged with a “B”. Since all results were 
below the quantitation limit, reanalysis was not required. 

Batch 16178: Methylene chloride was detected in the method blank at concentrations above the 
MDL, but below the quantitation limit. Since the concentrations of methylene chloride in the 
samples were below the MDL, reanalysis was not required. An MS/MSD pair was not included 
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in this analytical batch. The MS/MSD for this core (C7466) was contained in batch 15470. This 
meets the requirements in the SAP and FSAP of one MS/MSD per core hole. (see Attachment 5). 

Batch 16179: All samples in this batch were trip blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL but below the quantitation limit. Methylene 
chloride was detected in all samples in this batch above the quantitation limit. However, the 
concentration of methylene chloride in the blank was greater than 5% of the concentration of 
methylene chloride detected in the one of the samples. Therefore, this sample was flagged with a 
“B”. Since the concentration of methylene chloride was less than the quantitation limit, 
reanalysis was not required. Acetone was also detected in the instrument blank above the MDL 
but below the quantitation limit. The samples did not contain acetone above the MDL, therefore 
reanalysis was not required. In one sample, the concentration of methylene chloride exceeded the 
highest calibration point by 300%. Due to instrument failure the laboratory was unable to 
reanalyze this sample within the holding time. Since the sample was a trip blank, and high 
concentration of methylene chloride only demonstrated another example of contamination of 
make-up water for the blanks, additional analyses outside the holding time were not performed. 
The sample result has been flagged with an “E”.   

Batch 16180: All samples in this batch were blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL and slightly below the quantitation limit. 
Methylene chloride was detected in all samples in this batch above the quantitation limit. 
However, the concentration of methylene chloride in the blank was greater than 5% of the 
concentration of methylene chloride detected in the samples. Therefore, the samples were “B” 
flagged. Since the concentration of methylene chloride in the blank was less than the quantitation 
limit, reanalysis was not required. Toluene was also detected in the method blank and the 
samples at concentrations above the MDL, but below the quantitation limit. The samples were 
“B” flagged, since the concentration of toluene in the blank is greater than 5% of concentration 
of toluene in the samples. Since the concentration of toluene in the samples and blank were 
below the quantitation limit, reanalysis was not required. In the MS, acetone was recovered 
below the ±30% required in the SAP at 63%. All sample results for acetone have been flagged 
with “b”. All sample results for acetone were below the MDL. 

Batch 16181: An MS/MSD pair was not included in this analytical batch. The MS/MSDs for this 
core (C7468) were contained in batches 16177 and 16182. This meets the requirements in the 
SAP and FSAP of one MS/MSD per core hole (see Attachment 5). The %D for 
trans-1,2-dichloroethene was 24%. The result for this compound was below the expected value. 
Results above the MDL could be biased low. However, the sample result was below the MDL. 
The average %D for the CCV was 5.8%, which meets QAPP requirements.  

Batch 16182: Methylene chloride was detected in the method blank at a concentration above its 
MDL and slightly below the quantitation limit. Methylene chloride was detected in all samples at 
approximately the same level as the blank. Since the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples, 
the samples were “B” flagged. Since the concentration of methylene chloride in the method 
blank was less than the quantitation limit, reanalysis was not required. The MS recoveries for 
acetone, MIBK, and 2-butanone were above ±30% required in the SAP at 142%, 142%, and 
135%, respectively. All sample results for these compounds were below the MDL; therefore, the 
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data quality was not affected and reanalysis was not required. All results for these compounds 
have been flagged with “b”.

Batch 16183: Acetone was detected in the blank at a concentration level above the MDL but 
below the quantitation limit. Since the sample result for acetone was below the MDL, reanalysis 
was not required. The MS/MSD RPD for acetone exceeded the 30% requirement in the SAP at 
50%. Since acetone was not detected in the sample, reanalysis was not performed. Acetone has 
been flagged with a “c”. Methylene Chloride was detected in the sample at a concentration that 
exceeded the upper calibration point and the result was “E”-flagged.  The laboratory performed 
an additional run of the sample at a 1:9 dilution to bring the result within the calibration range. 
However, the second analysis required a new vial, and the result was only a quarter of the 
original result. The result of the first analysis was recorded with a “J” flag, and the data from the 
rerun is included as supporting data. This result should be considered estimated. The cause for 
the large variation in the concentration of methylene chloride between the two vials is not clear. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples and the equipment blank. 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 B1YY17 (S09V000928), 
the equipment blank. This was caused by failure to assign the preparation test during sample 
log-in.

Ten of the twenty soil samples contained bis (2-ethylhexyl) phthalate. This compound was also 
detected in the equipment blank, but was not above the MDL in the method blanks. Additionally, 
low levels of butylbenzylphthalate were detected in two samples, but was not present in the 
method blanks or equipment blank. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination also could 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. In this case the equipment blank result for bis (2-ethylhexyl) phthalate was only 1.05 
times the MDL and two of the samples were approximately five times the MDL and one was 12 
times the MDL. This would indicate, that for at least these three sample, the source for the 
bis (2-ethylhexyl) phthalate was not the sampling device. 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. 

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

� The adjusted MDLs for cyclohexanone were above the 0.5 mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.51 mg/kg an 0.56 
mg/kg.
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� 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 0.51 mg/kg and 
0.56 mg/kg for this compound. 

The 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. 

Batch 15813 and 16154: There were no notable issues with this batch, and all QC requirements 
in the FSAP, SAP, and the QAPP were met.  

Batch 15818: All QC requirements were met. However, large cyclohexane, 
methyl cyclopentane, and hexane peaks were detected and tentatively indentified during the 
analysis of the samples. The laboratory believes that these compounds were present in the 
methylene chloride used for the extraction and are therefore not reported as TICs. 

Batch 16153: On the second analysis the surrogate 2-fluorobiphenyl was recovered below the 
laboratory’s administrative limits of 50% to 150% at 49% in the equipment blank sample. Since 
only 6 compounds were reported from this analysis, and none are generally associated with this 
surrogate, the laboratory believes that there was little or no affect on the overall data quality. 

Batch 16157: On the second analysis, the surrogate terphenyl-d14- was recovered below the 
SPC limits of 71%-175% at 70% in the method blank. This is only slightly low and should not 
affect the results, which were all below the MDL for the method blank. 

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 each TIC was calculated using measured response factors from the 
Hanford library compound list. 

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 both the field 
samples and 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. 
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Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

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

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

Cyanide (liquid) LA-695-102, Rev. L-0 
(SW-846 9010C) 

LA-695-102, Rev. L-0 
(SW-846 9014) 

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

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

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

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

pH (liquid) Direct LA-212-106, Rev. H-0 
(SW-846 9040C) 

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. P-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. 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-365-132, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA (solid) LA-378-105, Rev. C-0 LA-378-105, Rev. C-0 
129I – Separation/GEA (liquid) LA-378-103, Rev. K-0 LA-378-103, Rev. K-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, 
(SW-846 8260B) 

SVOC – GC/MS (solid) LA-523-138, Rev. F-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 

SVOC – GC/MS (liquid) LA-523-115, Rev. G-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 
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WMA C VSR10-021

Cheryl Schloesslin 222-S Laboratory 7-15-2010
20090573, 20090574, 20090607 & 20090345

X

SDG 20090573 (water samples): B1YY17 (equipment blank), B21733 (trip blank), B21734 (trip blank), B21735 (trip 
blank), B21736 (trip blank)  
SDG 20090574 (soil samples): B20XW8, B20XX1, B20XX4, B20XX7, B211W5, B211W8, B211X1, B211X4, 
B211X9, B211Y0 
SDG 20090609 (water samples): B21737 (trip blank), B21738 (trip blank), B21739 (trip blank), B21740 (trip blank), 
B211741 (trip blank)  
SDG 20090607 (soil samples): B211Y5, B211Y8, B21201, B21204, B21205*, B21207*, B21210, B21213, B21216, 
B21221, B21222 
*See Completeness section below

The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  The 
lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all results 
are simply switched.
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Batch 00016172 methylene chloride 0.21 ug/L, toluene 0.55 ug/L 
Batch 00016177 methylene chloride 0.85 ug/L 
Batch 00016178 methylene chloride 0.39 ug/L 
Batch 00016179 methylene chloride 0.40 ug/L, acetone 2.6 ug/L 
Batch 00016180 methylene chloride 1.66 ug/L, toluene 0.33 ug/L 
Batch 00016182 methylene chloride 3.2 ug/L 
Batch 00016183 acetone 13.1ug/L     SEE Comments section for equipment and trip blank results

For batch 00016182 MS and MSD % recoveries >130% for hexone (4-methyl-2-pentanone, acetone and 2-
butanone.  All associated sampel results ND. 
LCS & MS/MSD: For all batches except 00016172 five common analytes spiked plus four additional 
analytes.  Hexane, Trans-1,3-dichloropropene and carbon disulfide not represented in LCS and MS/MSD.  
For batch 00016172 hexane also added to LCS and MS/MSD, Trans-1,3-dichloropropene and carbon 
disulfide not represented in LCS and MS/MSD
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None

Samples B21207 and B21210 analyzed 15 days after collection.  
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None
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B1YY17 (equipment blank) methylene chloride 2.61 ug/L, toluene 0.49 ug/L 
B217333 (trip blank) methylene chloride 22.6 ug/L, toluene 0.45 ug/L 
B217334 (trip blank) methylene chloride 3.36 ug/L, toluene 0.55 ug/L 
B217335 (trip blank) methylene chloride 3.45 ug/L 
B217336 (trip blank) methylene chloride 12.3 ug/L, toluene 0.67 ug/L, hexane 0.82 ug/L 
B217337 (trip blank) methylene chloride 182 ug/L, toluene 0.61 ug/L, hexane 0.85 ug/L 
B217338 (trip blank) methylene chloride 2.2 ug/L, toluene 0.21 ug/L, hexane 0.53 ug/L 
B217339 (trip blank) methylene chloride 192 ug/L 
B217340 (trip blank) methylene chloride 3.1 ug/L, toluene 0.0.18 ug/L 
B217341 (trip blank) methylene chloride 3.3 ug/L, toluene 0.18 ug/L 
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Date:  15 July 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Semivolatile Organics - Sample Data Groups (SDGs) 20090573, 20090574 & 
20090607 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090573, 20090574 and 
20090607 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 
B1YY17 08/03/10 Water C 8270 
B20XW6 07/30/10 Soil C 8270 
B20XW9 07/30/10 Soil C 8270 
B20XX2 07/30/10 Soil C 8270 
B20XX5 08/03/10 Soil C 8270 
B211W3 08/04/10 Soil C 8270 
B211W6 08/04/10 Soil C 8270 
B211W9 08/05/10 Soil C 8270 
B211X2 08/05/10 Soil C 8270 
B215K8 07/30/10 Soil C 8270 
B215K9 07/30/10 Soil C 8270 
B211Y3 08/11/10 Soil C 8270 
B211Y6 08/11/10 Soil C 8270 
B211Y9 08/11/10 Soil C 8270 
B21202 08/12/10 Soil C 8270 
B21205 08/13/10 Soil C 8270 
B21207 08/13/10 Soil C 8270 
B21208 08/13/10 Soil C 8270 
B21211 08/17/10 Soil C 8270 
B21214 08/17/10 Soil C 8270 
B215L0 08/10/10 Soil C 8270 
B215L1 08/10/10 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 
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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. 
 
� 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.  It should be noted for batch 00015818 the di-n-
butyl phthalate result for the method blank was incorrectly flagged with a "J" instead of a "U".   
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
All equipment blank results were acceptable with the following exception.  The bis(2-ethylhexyl) 
phthalate result for equipment blank B1YY17 was a detect. 
 
� 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. 
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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 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.” 
 
For SDG 20090574, batch 00015813, the MS and MSD recoveries for 1,4-dichlorobenzene and  
n-ninitrosodipropylamine were  below the lower acceptance limits.  The associated classes of 
results for sample B215K8, B215K9, B20XW6, B20XW9, B20XX2 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 SDG 20090574, batch 00015818, the MS and/or MSD recoveries for 1,2,4-trichlorobenzene; 
1,4-dichlorobenzene; acenaphthene; 4-chloro-3-methylphenol; 2-chlorophenol; n-
ninitrosodipropylamine and phenol were  below the lower acceptance limits.  The associated 
butylbenzylphthalate result for sample B211W3, and the bis (2-ethylhexyl) phthalate result for 
sample B211X2 were detects and should be qualified as estimates and flagged “J.” All other 
associated classes of results for samples B20XX5, B211W3, B211W6, B211W9 and B211X2 
were 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 SDG 20090573, batch 00016153, the MS and/or MSD recoveries for 1,2,4-trichlorobenzene; 
1,4-dichlorobenzene; acenaphthene; 4-chloro-3-methylphenol; 2-chlorophenol; n-
ninitrosodipropylamine and phenol were  below the lower acceptance limits.  The associated bis 
(2-ethylhexyl) phthalate result for sample B1YY17 was a detect and should be qualified as an 
estimate and flagged “J.” All other associated classes of results for sample B1YY17 were 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 SDG 20090607, batch 00016154, the MS and/or MSD recoveries for 1,2,4-trichlorobenzene; 
1,4-dichlorobenzene; acenaphthene; 4-chloro-3-methylphenol; 2-chlorophenol; n-
ninitrosodipropylamine; 4-nitrophenol; 2,4-dinitrotoluene; phenol and pentachlorophenol were  
below the lower acceptance limits.  The bis (2-ethylhexyl) phthalate results for samples B21202, 
B21205, B21211 and B21214 were detects and should be qualified as estimates and flagged “J.” 
All other associated classes of results for samples B21202, B21205, B21208, B21211 and 
B21214 were 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. 
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For SDG 20090607, batch 00016157, the MS and/or MSD recoveries for 1,2,4-trichlorobenzene; 
1,4-dichlorobenzene; 2-chlorophenol and n-ninitrosodipropylamine were  below the lower 
acceptance limits.  All associated classes of results for samples B215L0, B215L1, B211Y3, 
B211Y6 and B211Y9 were 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 SDG 20090574, batch 00015818, the LCS recoveries for 1,2,4-trichlorobenzene; 1,4-
dichlorobenzene and n-ninitrosodipropylamine were  below the lower acceptance limits.  All 
associated classes of results for samples B20XX5, B211W3, B211W6, B211W9, B211X2, 
B21205, B21208, B21211 and B21214 were 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 SDG 20090573, batch 00016153, the LCS recoveries for 1,2,4-trichlorobenzene; 1,4-
dichlorobenzene; acenaphthene and n-ninitrosodipropylamine were  below the lower acceptance 
limits.  All associated classes of results for sample B1YY17 were 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 SDG 20090607, batch 00016154, the LCS recoveries for 1,2,4-trichlorobenzene; 1,4-
dichlorobenzene; acenaphthene; 4-chloro-3-methylphenol; 2-chlorophenol; n-
ninitrosodipropylamine and phenol were  below the lower acceptance limits.  The bis (2-
ethylhexyl) phthalate results for samples B21202, B21205, B21211 and B21214 were detects and 
should be qualified as estimates and flagged “J.” All other associated classes of results for 
samples B21202, B21205, B21208, B21211 and B21214 were 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 SDG 20090607, batch 00016157, the LCS recovery for n-ninitrosodipropylamine was below 
the lower acceptance limit.  All associated classes of results for samples B215L0, B215L1, 
B211Y3, B211Y6 and B211Y9 were 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 
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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 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
 
All field duplicates relative percent difference values were acceptable. 
 
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 laboratory 
control sample recovery and matrix spike recovery infractions 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. 
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The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  
The lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all 
results are simply switched. 
 
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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Semivolatile Organics Data Qualification Summary 

SDG: 20090573, 
20090574, 20090607 Reviewer: AQA Project: WMA C Page 1 of 3 

Analyte(s) Qualifier Samples Affected Reason 

Pyridine 
Tributyl phosphate 
 2-Ethoxyethanol 
Cyclohexanone 

n-Nitrosomorpholine 
Isobutanol 

UJ 

B20XW6, B20XW9, 
B20XX2, B20XX5, 
B211W3, B211W6, 
B211W9, B211X2, 
B215K8, B215K9, 
B211Y3, B211Y6, 
B211Y9, B21202, 

B21205*, B21207*, 
B21208, B21211, 
B21214, B215L0, 

B215L1  

Lack of MS/MSD & 
LCS data 

1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

N-Nitroso-di-n-
dipropylamine 

Hexachlorobutadiene 
Hexachloroethane 

UJ 
B215K8, B215K9, 

B20XW6, B20XW9, 
B20XX2 

Low MS/MSD 
recoveries 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

2-Methylphenol 
3 &4 Methylphenol 

total  
Acenaphthene 
4-Chloro-3-

methylphenol 
2-Chlorophenol 

Di-n-butylphthalate 
Di-n-octylphthalate 

N-Nitroso-di-n-
dipropylamine 
Flouranthene 

Hexachlorobutadiene 
Hexachloroethane 

Naphthalene 
Phenol 
BHT 

Total Methylphenols 

UJ 
B20XX5, B211W3, 
B211W6, B211W9, 

B211X2 

Low LCS and/or 
MS/MSD recoveries 
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SDG: 20090573, 
20090574, 20090607 Reviewer: AQA Project: WMA C Page 2 of 3 

Analyte(s) Qualifier Samples Affected Reason 
Bis(2-

ethylhexyl)phthalate UJ B20XX5, B211W3, 
B211W6, B211W9  

Low LCS and/or 
MS/MSD recoveries 

Butylbenzylphthalate 
 UJ B20XX5, B211W6, 

B211W9, B211X2 
Low LCS and/or 

MS/MSD recoveries 
Bis(2-

ethylhexyl)phthalate J B211X2 Low LCS and/or 
MS/MSD recoveries 

Butylbenzylphthalate 
 J B211W3 Low LCS and/or 

MS/MSD recoveries 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

2-Methylphenol 
3 &4 Methylphenol 

total  
Acenaphthene 

Butylbenzylphthalate 
4-Chloro-3-

methylphenol 
2-Chlorophenol 

Di-n-butylphthalate 
Di-n-octylphthalate 

N-Nitroso-di-n-
dipropylamine 
Flouranthene 

Hexachlorobutadiene 
Hexachloroethane 

Naphthalene 
Phenol 
BHT 

Total Methylphenols 

UJ B1YY17 Low LCS and/or 
MS/MSD recoveries 

Bis(2-
ethylhexyl)phthalate J B1YY17 Low LCS and/or 

MS/MSD recoveries 
Bis(2-

ethylhexyl)phthalate UJ B21208 Low LCS and/or 
MS/MSD recoveries 

Bis(2-
ethylhexyl)phthalate J B21202, B21205, 

B21211, B21214 
Low LCS and/or 

MS/MSD recoveries 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 

2-Chlorophenol 
N-Nitroso-di-n-
dipropylamine 

Hexachlorobutadiene 
Hexachloroethane 

UJ 
B215L0, B215L1, 
B211Y3, B211Y6, 

B211Y9 

Low LCS and/or 
MS/MSD recoveries 
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Analyte(s) Qualifier Samples Affected Reason 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

2-Methylphenol 
2-Nitrophenol 

3 &4 Methylphenol 
Acenaphthene 

Butylbenzylphthalate 
4-Chloro-3-

methylphenol 
2-Chlorophenol 

Dibenzo(a,h)anthracene 
Di-n-butylphthalate 
Di-n-octylphthalate 

N-Nitroso-di-n-
dipropylamine 
Flouranthene 

Hexachlorobutadiene 
Hexachloroethane 

Naphthalene 
Phenol 

Nitrobenzene 
4-Nitrophenol 

Pentachlorophenol 
BHT 

Total Methylphenols 

UJ 
B21202, B21205, 
B21208, B21211, 

B21214 

Low LCS and/or 
MS/MSD recoveries 

 
Comments:  
*The COCs specify the full analysis suite for sample B21207, and VOA only for sample 
B21205.  The lab reported the full analysis suite for B21205, and VOA for B21207.  It is 
assumed that all results are simply switched. 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C7466 AND C7468 

IN SUPPORT OF RCRA SOIL CHARACTERIZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between July 30th and August 17th, 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 other 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 Reports 
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 SAMPLE RECEIPT 
A total of 20 core intervals from two core holes along with one equipment blank and nine trip 
blanks were received by 222-S beginning July 30th  and ending August 17th, 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 the following samples: 
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� C7466 – I-004 all samples 
� Trip Blank-2 
� Equipment Blank 

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.  

2.2 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. Two core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The surface samples were received as a 
set of VOA samples and two 500 mL jars. The liner samples from each core interval were 
extruded, described, and composited by the Washington River Protection Solutions, Inc. (WRPS) 
geologist. The surface samples were also described. 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. 

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 
results from gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic 
compounds (SVOC) and volatile organic compounds are 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 (MDA) for radionuclides. 

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

“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. 
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“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 Attachments 1 and 4 contain 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. 

“E” indicates that the result was above the calibration range. 

“J” indicates that the reported result should be considered an estimate This flag was used 
in this report to denote: 

� Results below the quantitation limit, but above the MDL.  
� Results above MDA, but with a counting uncertainty greater than 30%. 
� Results are estimated values.  

 “N” indicates a TIC which has been named. 

 “T” indicates a TIC. 

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

“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 percent difference (%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. 

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 
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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 and the 
equipment blank. All analyses met the SW846 holding time of 14 days. 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. 

Batches 15506 and 15820: There were no notable issues with these batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15890: The MS failed low at 70% and the sample results have been flagged with a “b”. 
This MS was originally analyzed in batch 15891 with a low recovery of 74%. Since the MS was 
distilled and analyzed twice with similar results the laboratory did not believe additional 
reanalysis was necessary.  

Batch 15891: The MS originally contained in this batch was recovered low at 74% and was 
prepared and reanalyzed with all samples except S09V000957 in batch 15890. The MS was 
recovered low at 70% in the reanalysis. In order to include sample S09V000957, all samples 
were reported from the original analysis and flagged with a “b”. The MS was reported in batch 
15890. Since the client only required one MS per core hole (see Attachment 5), this project QC 
requirement was met.
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3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples and the 
equipment blank. All analyses met the SW846 holding time of 7 days except for the equipment 
blank by one day. There was no required reporting limit in the SAP for sulfide. The target 
detection limit was 5 �g/g. The sample results had adjusted MDLs of 6.3 to 7.4 �g/g.

Batches 15367, 15480, 15484, 15668, and 15753: There were no notable issues with these 
batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15752: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 33%. 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 and the equipment blank. 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 for the soils were taken 
immediately after the water leach was performed, but the sampling to analysis date varied from 1 
to 16 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 had no apparent effect on the results. However, the client’s expectation was that 
analysis would be performed within 14 days. Only 3 samples were analyzed outside of 14 days.  
Due to an oversight error by the laboratory’s analytical staff, the pH for the equipment blank was 
analyzed 31 days after sampling. Since this analysis has little or no significance and was only 
performed in order to meet a requirement in DOE/RL-96-68, the overall data quality for the 
project was not affected. 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 and 
the equipment blank. All results met the QC requirements in the FSAP, SAP, and QAPP. All 
analyses met the holding time of 28 days. 

This analysis met the target detection limits. The required detection limit of 0.01�g/g was not 
met for these samples. The detection limits vary from 0.018 �g/g to 0.048 �g/g. This was caused 
by using too small of an aliquot, and apparently was an oversight error by the laboratories 
analytical staff. The final batch report was not reviewed in time by the project manager for the 
samples to be reanalyzed within the holding time. The lowest risk-driven reporting limit 
requirement in Table 5-3 of the SAP was 0.1 �g/g, which was met. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for ammonium was performed using a distillation preparation of the liner composite 
samples and the equipment blank. The SAP lists an administrative holding time of 7 days. The 
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laboratory believes that after distillation and preservation, the appropriateholding time 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. Three samples were analyzed 
outside of the administrative 7-day holding time: B20XX5 (S09V001022), B211W3 
(S09V001023), and B211W6 (S09V001024). One sample B1YY17 (S09V000932), was 
analyzed outside of the EPA 28 day holding time. These missed holding times were 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 15684, 15714, and 16081: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15429: The duplicate RPD exceeded the required 30%. Since the results for these analytes 
were below the quantitation limit, the criterion does not apply. 

Batch 15819: The spike and duplicate for this batch was reported in batch 15429. This met the 
client requirement of one spike and one duplicate per core hole (See Attachment 5). 

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 and a direct aliquot the equipment blank. 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 practices 
were developed for the analysis of concentrated waste, which typically does not include the use 
of predigestion spikes for this analysis. The laboratory will change to predigestion spike for 
future Vadose Projects. 

In general, these samples experienced high RPDs in most batches, but only fluoride exceeded 
30% with a result above the quantitation limit. Most samples were reanalyzed with little or no 
improvement. Other analyses also experienced high RPDs. The exact cause of the RPD failures 
is unknown at this time, but it is the laboratory’s opinion that it is matrix related. The “c” flag 
has been applied to the fluoride results for all samples in the batch, not just the sample used for 
the duplicate analysis. 

Only bromide and fluoride had required detection limits and these were met. All target detection 
limits were met. 

Batch15462: Results met all quality control requirements. 

Batch 16804: The RPD for acetate, formate, nitrite, and phosphate exceeded the required 30%. 
Since the results for these analytes were below the quantitation limit, the criterion does not 
apply. The RPD for fluoride also exceeded the 30% requirement in the SAP and the result was 
above the quantitation limit. All sample results for fluoride have been flagged with a “c.” The 
preparation blank results for formate, nitrite, sulfate, and nitrate were above the MDL but less 
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than the quantitation limit. Therefore, the data quality was not affected and reanalysis was not 
required. Sample results were “B” flagged if the blank result exceed 5% of the sample result. 

Batch16818: The RPD for acetate, formate, nitrite, sulfate, and nitrate exceeded the required 
30%. Since the result for these analytes were below the quantitation limit, the criterion does not 
apply.

Batch 17017: This analytical batch contained two preparation batches. Formate was present in 
the second preparation blank at levels below the quantitation limit; therefore, reanalysis was not 
required. Sample results have been flagged with a “B” when appropriate.  The RPD for sulfate 
and oxalate in the first preparation batch exceeded the required 30% in the SAP. Since the results 
for sulfate and oxalate were below the quantitation limit, the criterion does not apply.  The RPD 
for fluoride also exceeded the 30% requirement and the results were all above the quantitation 
limit. Therefore, all sample results for fluoride in this preparation batch have been flagged with a 
“c”. 

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectrometry 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples and a direct aliquot the equipment blank. 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 silicon experienced LCS failures and that reanalysis was not 
required for this secondary element. In particular, the digestion method used, which was an acid 
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. 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.  

Batch 16815: The initial low level standard (LLS) recovery for lanthanum failed low at 50%. 
This indicates that results near the LLS could be biased low and have been flagged with “J” to 
indicate these results are estimated. Lanthanum is a secondary analyte. The LCS for silicon was 
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recovered low at 51% and the results have been flagged with an “a”. This could indicate that 
results are biased low. Please see previous discussion concerning silicon. Since silicon is a 
secondary analyte, reanalysis was not required. Calcium and zinc were detected in the 
preparation blank below the quantitation limit and at less than 5% of the lowest sample result. 
Therefore, reanalysis was not required. The RPD for sulfur exceed the 30% requirement in the 
FSAP at 78% and a “c” flag has been applied to all results in the batch. Since sulfur is a 
secondary analyte, reanalysis is not required.  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 
recoveries for potassium, magnesium, and sodium exceeded the ±25% criterion in the SAP and 
FSAP. The associated sample results have been flagged with a “b.”  Since these are secondary 
analytes reanalysis was not required. The serial dilution results for manganese, silicon and 
titanium exceeded the QAPP requirement of 10% at  15%, 14%, and 11%, respectively. The 
laboratory believes this is due to matrix interference and/or sample inhomogeneity.  

Batch 16819: The LCS for silicon was recovered low at 77% and the results have been flagged 
with an “a”. This could indicate that results are biased low. Please see previous discussion 
concerning silicon. The preparation blank contained silicon and calcium below the quantitation 
limit and less than 5% of the lowest sample result.  Therefore, reanalysis was not required.  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 and silicon 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 22%. The laboratory 
believes this was due to an issue with the standard. Since tantalum is not a required analyte, 
reanalysis was not required. The sample result has been flagged with a “b”. The serial dilution 
results for silicon and sodium exceeded the QAPP requirement of 10% at 11% and 21%, 
respectively. The laboratory believes this is due to matrix interference and/or sample 
inhomogeneity. The closing LLS recovery for lanthanum was slightly above the 130% 
requirement in the analytical method at 136%.  Since the lanthanum results were well above the 
LLS, the laboratory does not believe the data quality is affected.  The RPD for tungsten exceeded 
the ±30% required by the FSAP and SAP. However, since the result was below the quantitation 
limit the criteria does not apply. The RPD for silicon exceeded the ± 30% requirement in the 
SAP and FSAP. Please see previous discussion concerning silicon. Since silicon is a secondary 
analyte, reanalysis was not required. 

Batch 16820: The ending LLS for lanthanum exceeded the ±30% requirement in the QAPP at 
136%. The lowest sample result has been flagged with a “J” indicating it could be biased high. 
The remainder of the sample results were well above the LLS level and were not flagged as 
estimated. The LSC was recovered low at 72% for silicon. The sample results have been flagged 
with an “a”. The MS for titanium, potassium, and silicon failed high. The results have been 
flagged with a “b” (please see previous discussion concerning silicon). Since these are  
secondary analytes, reanalysis was not required. The RPDs for cerium, copper, potassium, 
lithium, and sodium,  exceed the 30%, but the results were below the quantification limit; 
therefore, the criterion does not apply. The RPDs for chromium, lanthanum, neodymium, 
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titanium, yttrium, barium, zirconium, and magnesium exceeded the 30% requirement in the 
FSAP.  All associated results have been flagged with  a “c”.  As discussed above the laboratory 
believes these high RPDs were caused by matrix interference and/or sample inhomogeneity. 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 serial dilution for calcium exceed the ±10% requirement 
for calcium at 11% and silicon at 13%. Therefore, the calcium and silicon results have been 
flagged with an “e”. The laboratory believes this was caused by matrix interference. 

Batch 16892: There were no notable issues with this batch, and all QC requirements in the 
FSAP, SAP, and the QAPP were met. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy 

The ICP/MS actinide and trace metal analyses were performed on the SW846-3050 acid 
digestion of all liner composite samples and on a direct aliquot of the equipment blank. The 
ICP/MS 126Sn and 99Tc analysis was performed using the same digest, without the addition of the 
hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis because of the potential 
isobaric interference. 

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; however, standard 
material is not available for all the isotopes of interest.  Concentrations of those isotopes without 
available standards are estimated based on the instrument’s mass-response curve, which is 
generated by using the intensity/concentration relationship for the available isotope standards.
Results estimated in this manner are designated “semi-quantitative.”  

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 
analyzed within the holding time. However, due to an oversight, one sample, the equipment 
blank, was not analyzed within the holding time listed in the FSAP. This analysis exceeded the 
180 day holding time by 10 days. Since there is no evidence that 99Tc results would change over 
time when stored and acidified, the laboratory does not believe this exceedance affected the final 
results. In fact, the 99Tc standards used for this analysis are stored in the same way and have a 
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one year shelf life based on laboratory procedure. The manufacturer does not list an expiration 
date for these standards.

Batches 16761 and 17846: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16735: The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. 

Batch 17060: The ICB and CCB blanks contained 126Sn below the quantification level. Since 
126Sn was not detected in the samples, the data quality was not affected and reanalysis was not 
required. The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. The RPD for 99Tc was greater than 30%, but the 
result was below the quantitation level; therefore, the criterion does not apply. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes. The FSAP lists the holding 
time for isotopic analytes as 6 months. All samples were analyzed within the holding time. 

Batch 16721: The preparation blank contained 238U and 232Th above the quantitation level but 
less than 5% of the lowest sample results, therefore no “B” flags were applied and reanalysis was 
not required. The preparation blank contained 235U below the quantitation level and less than 5% 
of the lowest sample result, therefore no “B” flags were applied and reanalysis was not required. 
The RPD for 234U exceeded the 30% requirement in the SAP. However, since the result was 
below the quantitation level, this criterion does not apply. 

Batch 16791: The ICB result for 232Th was below the quantitation limit and the sample result 
was below the MDL; therefore, reanalysis was not required. 

Batch 16797: 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 first CCB contained 236U below the quantitation limit, which had no effect 
on the data quality, since the sample results were below the MDL. The RPD for 234U exceeded 
the 30% requirement at 51%; since the sample result was below the quantitation limit, this 
criterion does not apply. The RPDs for 232Th, 235U and 238U exceeded the 30% requirement in the 
SAP at 43%, 38%, and 34%, respectively. These results were reported from a re-preparation and 
reanalysis due to similar recoveries in the initial analysis. The second analysis used a larger 
sample aliquot size but there was still no improvement. Based on this, the laboratory believes the 
high RPDs are a result of sample inhomogeneity and additional reanalysis is would not provide 
improved results. All associated results have been flagged with a “c”.  

Batch 16918: The preparation blank result for 232Th was below the quantitation limit and less 
than 5% of the sample results; therefore, reanalysis was not required and the data quality was not 
affected. The RPD for 233U exceeded the 30% requirement in the SAP. Since the result was 
below the quantitation level, this criterion does not apply. 
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Batch 17028: The CCB result for 237Np was below the quantitation limit and all sample results 
were below the MDL, therefore, reanalysis was not required. 

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 and 
target detection limits 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. Ten of the twenty sample results for selenium were above the 
target detection limit due to matrix interference. The SW846 holding time for metal analysis is 6 
months. All samples were analyzed within this holding time. 

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. The laboratory plans to use the required 
interference check standard for future projects. 

Batch 16972: 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. The duplicate RPD for thallium exceeded the 30% requirement at 
53%. Since the sample result was below the quantitation level, this criterion does not apply. 

Batch 16991: The preparation blank and two CCB results for nickel were above the MDL but 
less than the quantitation limit. Since the blank result was less than 5% of all sample results, 
reanalysis was not required. 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 
MS for selenium failed high at 135%. Since all selenium results were below the MDL, there was 
no effect on the data quality. The initial LLS for selenium was recovered at 270% and closing 
LLS for selenium was recovered at 68%. Since selenium was not detected in any of the samples, 
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. 

Batch 17076: The preparation blank results for silver and thallium were above the MDL but less 
than the quantitation limit. Since the blank results were 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 17146: The preparation blank result for selenium was above the MDL but less than the 
quantitation limit. However, since all sample results were below the MDL, the data quality was 
not affected. The duplicate RPD for lead exceeded the 30% requirement at 34%. Based on 
repeated RPD failures in other batches, the laboratory believes this high RPD was a result of 
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sample inhomogeneity and additional reanalysis was unnecessary. This was discussed with and 
accepted by the client (see Attachment 5). 

Batch 17235: The duplicate RPD for silver exceeded the 30% requirement at 44%. Since the 
sample result was below the quantitation level, this criterion does not apply. 

Batch 17286:The initial LLS for selenium was recovered at 33% and closing LLS for selenium 
was recovered at 16%. Since there was no instrument signal for selenium, even at a level below 
the MDL, the data quality was not affected.  Due to matrix interference the detection limit for 
this batch for selenium was 10 times that of the other batches. 

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. With the 
exception of 129I analysis, tracers and spikes are added after the digestion. Historically the 222-S 
Laboratory has predominantly analyzed  samples with high levels of radioactive isotopes. 
Adding enough tracer or spike to be detectable in these types of samples would increase the dose 
exposure for analytical personnel and be prohibitively expensive. Plans are in place to change 
this practice for environmental level samples and future Vadose Project samples will use 
predigestion spikes and tracers. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples and the equipment blank. 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 15411, 15679, 15680, and 16407: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15709: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the FSAP and SAP only requires one field duplicate per core hole (see Attachment 5). 
Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-89/90

Strontium-89/90 analysis was performed on a strong acid digest of all liner composite samples 
and a direct aliquot of the equipment blank. Twelve of the sample analyses met the required 
detection limit of 2.3 pCi/g listed in the FSAP. The remaining eight samples achieved a detection 
limit between 2.3 pCi/g and 4.1 pCi/g. No detection limit exceeded the lowest action limit of 23 
pCi/g in Table 5.2 of the SAP. No sample results met the target detection limit. 

Batches 16654, and 16666: There were no notable QC issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16490: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting uncertainty of 108%. All samples were below the MDA and the data 
quality was not affected. Therefore reanalysis was not required. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of the equipment blank. This method only measured the tritium that 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 and a 
direct aliquot of the equipment blank. The analysis achieved the target detection limit in the 
FSAP. No required detection limit was listed. No standard is currently available for 79Se. A 
calibration curve was developed using 14C, which has a similar beta energy profile. Additionally, 
a cold carrier is used to monitor recovery and is measured gravimetrically. These results should 
be considered semi-quantitative. There were no notable issues with any of the 79Se batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of equipment blank. 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. The analysis achieved the required detection limit in the FSAP but exceeded the target 
detection limit of 1 pCi/g. Most samples had detection limits of between 50 pCi/g and 80 pCi/g. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples and a 
direct aliquot of the field blank. The analysis achieved the required detection limit in the FSAP 
but exceeded the target detection limit of 30 pCi/g. The samples had detection limits of between 
50 pCi/g and 75 pCi/g.

Batches 16394, 16671, and 16767: There were no notable issues with these 63Ni batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16455: The preparation blank had a positive result slightly above the MDA with a 
counting uncertainty of 134%. The sample result was below the MDA, therefore reanalysis was 
not required. 
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3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite samples 
and the a direct aliquot of equipment blank. The required and target detection limits in the SAP 
were met. There were no notable issues with these batches, and all QC requirements were met. 

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 and a direct aliquot of the equipment blank. 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. 

3.3.9 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 and a direct aliquot of  the equipment blank. 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 and its associated methanol blank were 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. Nine liquid trip blank samples 
and one equipment blank 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 met the required holding time except for 
soil samples B21207 (S09V0001120), and B21210 (S09V0001121). These samples were 
analyzed one day outside the holding due to internal standard and surrogate failures on the initial 
analysis, which was within the holding time. The laboratory believes that the effect of the 
holding time exceedance on sample results is minimal. A study by the Department of Energy and 
others have 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: 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. These detection limit exceedances 
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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 standards 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. 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 laboratory also 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging.

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 based 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 
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. 

Hexane was present in all core samples and three trip blanks. None of the method blanks or the 
equipment blank contained hexane above the MDL. Sixteen of the core samples contain hexane 
above the quantitation limit and 3 samples were more than 10 times the quantitation limit. None 
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of the trip blanks contained hexane above the quantitation. This would indicate that soil 
contamination is a likely source of the hexane. However, since hexane was used in the sampler 
cleaning process, this cannot be ruled out as the source. 

Methylene chloride was present in all trip blanks, the equipment blank and eight core samples. 
Eleven samples contained methylene chloride above the quantitation limit. Only one core sample 
contained methylene chloride above the quantitation limit. The method blank associated with this 
sample contained methylene chloride above the quantitation limit and was actually higher than 
the sample. The trip blank levels for methylene chloride were quite high (up to 100 times the 
quantitation limit), but the associated method blanks were below the quantitation limit and one 
was below the MDL. This indicates that the methylene chloride found in the trip blanks and 
equipment blank is contamination from the water used to make these blanks. The lower results 
for methylene chloride in the core samples and method blanks appear to be laboratory 
contamination.  

Styrene was detected in eight core samples below the quantitation limit. Styrene was not detected 
in any blanks. At this low concentration, the styrene could represent soil contamination or 
possibly a natural plant product. 

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 in Appendix B.

Batches 15470 and 16176: Other than the issues addressed in the preceding paragraphs, all QC 
requirements in the SAP, FSAP, and ATL-MP-1011 were met for these batches.

Batch 16172: Methylene chloride was detected in the method blank at a concentration above its 
MDL but below the quantitation limit. Methylene chloride was detected in all samples in this 
batch above the quantitation limit. However, the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples. 
Therefore, the samples were “B”-flagged. Since the concentration of methylene chloride was less 
than the quantitation limit, reanalysis was not required. Toluene was also detected in the method 
blank and the samples at concentrations above the MDL but below the quantitation limit. The 
samples were “B”-flagged, because the concentration of toluene in the blank was greater than 
5% of concentration of toluene in the samples. Since the concentration of toluene in the samples 
and blank were below the quantitation limit, reanalysis was not required. All samples in this 
batch were blanks. 

Batch 16177: The method blank contained methylene chloride at a concentration above the 
MDL but below the quantitation limit . Methylene chloride was detected below the quantitation 
limit in all samples in this batch except one. Since the blank result was more that 5% of the 
sample results above the MDL, these results have been flagged with a “B”. Since all results were 
below the quantitation limit, reanalysis was not required. 

Batch 16178: Methylene chloride was detected in the method blank at concentrations above the 
MDL, but below the quantitation limit. Since the concentrations of methylene chloride in the 
samples were below the MDL, reanalysis was not required. An MS/MSD pair was not included 
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in this analytical batch. The MS/MSD for this core (C7466) was contained in batch 15470. This 
meets the requirements in the SAP and FSAP of one MS/MSD per core hole. (see Attachment 5). 

Batch 16179: All samples in this batch were trip blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL but below the quantitation limit. Methylene 
chloride was detected in all samples in this batch above the quantitation limit. However, the 
concentration of methylene chloride in the blank was greater than 5% of the concentration of 
methylene chloride detected in the one of the samples. Therefore, this sample was flagged with a 
“B”. Since the concentration of methylene chloride was less than the quantitation limit, 
reanalysis was not required. Acetone was also detected in the instrument blank above the MDL 
but below the quantitation limit. The samples did not contain acetone above the MDL, therefore 
reanalysis was not required. In one sample, the concentration of methylene chloride exceeded the 
highest calibration point by 300%. Due to instrument failure the laboratory was unable to 
reanalyze this sample within the holding time. Since the sample was a trip blank, and high 
concentration of methylene chloride only demonstrated another example of contamination of 
make-up water for the blanks, additional analyses outside the holding time were not performed. 
The sample result has been flagged with an “E”.   

Batch 16180: All samples in this batch were blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL and slightly below the quantitation limit. 
Methylene chloride was detected in all samples in this batch above the quantitation limit. 
However, the concentration of methylene chloride in the blank was greater than 5% of the 
concentration of methylene chloride detected in the samples. Therefore, the samples were “B” 
flagged. Since the concentration of methylene chloride in the blank was less than the quantitation 
limit, reanalysis was not required. Toluene was also detected in the method blank and the 
samples at concentrations above the MDL, but below the quantitation limit. The samples were 
“B” flagged, since the concentration of toluene in the blank is greater than 5% of concentration 
of toluene in the samples. Since the concentration of toluene in the samples and blank were 
below the quantitation limit, reanalysis was not required. In the MS, acetone was recovered 
below the ±30% required in the SAP at 63%. All sample results for acetone have been flagged 
with “b”. All sample results for acetone were below the MDL. 

Batch 16181: An MS/MSD pair was not included in this analytical batch. The MS/MSDs for this 
core (C7468) were contained in batches 16177 and 16182. This meets the requirements in the 
SAP and FSAP of one MS/MSD per core hole (see Attachment 5). The %D for 
trans-1,2-dichloroethene was 24%. The result for this compound was below the expected value. 
Results above the MDL could be biased low. However, the sample result was below the MDL. 
The average %D for the CCV was 5.8%, which meets QAPP requirements.  

Batch 16182: Methylene chloride was detected in the method blank at a concentration above its 
MDL and slightly below the quantitation limit. Methylene chloride was detected in all samples at 
approximately the same level as the blank. Since the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples, 
the samples were “B” flagged. Since the concentration of methylene chloride in the method 
blank was less than the quantitation limit, reanalysis was not required. The MS recoveries for 
acetone, MIBK, and 2-butanone were above ±30% required in the SAP at 142%, 142%, and 
135%, respectively. All sample results for these compounds were below the MDL; therefore, the 
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data quality was not affected and reanalysis was not required. All results for these compounds 
have been flagged with “b”.

Batch 16183: Acetone was detected in the blank at a concentration level above the MDL but 
below the quantitation limit. Since the sample result for acetone was below the MDL, reanalysis 
was not required. The MS/MSD RPD for acetone exceeded the 30% requirement in the SAP at 
50%. Since acetone was not detected in the sample, reanalysis was not performed. Acetone has 
been flagged with a “c”. Methylene Chloride was detected in the sample at a concentration that 
exceeded the upper calibration point and the result was “E”-flagged.  The laboratory performed 
an additional run of the sample at a 1:9 dilution to bring the result within the calibration range. 
However, the second analysis required a new vial, and the result was only a quarter of the 
original result. The result of the first analysis was recorded with a “J” flag, and the data from the 
rerun is included as supporting data. This result should be considered estimated. The cause for 
the large variation in the concentration of methylene chloride between the two vials is not clear. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples and the equipment blank. 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 B1YY17 (S09V000928), 
the equipment blank. This was caused by failure to assign the preparation test during sample 
log-in.

Ten of the twenty soil samples contained bis (2-ethylhexyl) phthalate. This compound was also 
detected in the equipment blank, but was not above the MDL in the method blanks. Additionally, 
low levels of butylbenzylphthalate were detected in two samples, but was not present in the 
method blanks or equipment blank. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination also could 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. In this case the equipment blank result for bis (2-ethylhexyl) phthalate was only 1.05 
times the MDL and two of the samples were approximately five times the MDL and one was 12 
times the MDL. This would indicate, that for at least these three sample, the source for the 
bis (2-ethylhexyl) phthalate was not the sampling device. 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. 

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

� The adjusted MDLs for cyclohexanone were above the 0.5 mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.51 mg/kg an 0.56 
mg/kg.
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� 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 0.51 mg/kg and 
0.56 mg/kg for this compound. 

The 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. 

Batch 15813 and 16154: There were no notable issues with this batch, and all QC requirements 
in the FSAP, SAP, and the QAPP were met.  

Batch 15818: All QC requirements were met. However, large cyclohexane, 
methyl cyclopentane, and hexane peaks were detected and tentatively indentified during the 
analysis of the samples. The laboratory believes that these compounds were present in the 
methylene chloride used for the extraction and are therefore not reported as TICs. 

Batch 16153: On the second analysis the surrogate 2-fluorobiphenyl was recovered below the 
laboratory’s administrative limits of 50% to 150% at 49% in the equipment blank sample. Since 
only 6 compounds were reported from this analysis, and none are generally associated with this 
surrogate, the laboratory believes that there was little or no affect on the overall data quality. 

Batch 16157: On the second analysis, the surrogate terphenyl-d14- was recovered below the 
SPC limits of 71%-175% at 70% in the method blank. This is only slightly low and should not 
affect the results, which were all below the MDL for the method blank. 

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 each TIC was calculated using measured response factors from the 
Hanford library compound list. 

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 both the field 
samples and 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. 
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Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

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

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

Cyanide (liquid) LA-695-102, Rev. L-0 
(SW-846 9010C) 

LA-695-102, Rev. L-0 
(SW-846 9014) 

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

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

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

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

pH (liquid) Direct LA-212-106, Rev. H-0 
(SW-846 9040C) 

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. P-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. 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-365-132, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA (solid) LA-378-105, Rev. C-0 LA-378-105, Rev. C-0 
129I – Separation/GEA (liquid) LA-378-103, Rev. K-0 LA-378-103, Rev. K-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, 
(SW-846 8260B) 

SVOC – GC/MS (solid) LA-523-138, Rev. F-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 

SVOC – GC/MS (liquid) LA-523-115, Rev. G-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 
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WMA C VSR10-021

Cheryl Schloesslin 222-S Laboratory 7-15-2010

20090153, 20090154, 20090607

X

SDG 20090574 Soil samples: B20WX6, B20XW9, B20XX2, B20XX5, B211W3, B211W6, B211W9, B211X2, 
B215K8, B215K9 
SDG 20090607 Soil samples: B211Y3, B211Y6, B211Y9, B21202, B211205*, B21207*, B21208, B21211, B21214, 
B215L0, B215L1 
SDG 20090573 Water samples: B1YY17 
  
* See completeness section below 

The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  The 
lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all results 
are simply switched.
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Equipment blank B1YY17 bis (2-ethylhexyl) phthalate 57.3 ug/L

Batch 15818 LCS recoveries: 1,2,4-trichlorobenzene 69%; 1,4-dichlorobenzene 67%; n-ninitrosodipropylamine 67% 
Batch 16153 LCS recoveries: 1,2,4-trichlorobenzene 46%; 1,4-dichlorobenzene 40%; acenaphthene 68%;  n-
ninitrosodipropylamine 68% 
Batch 16154 LCS recoveries: 1,2,4-trichlorobenzene 61%; 1,4-dichlorobenzene 60%; 4-chloro-3-methylphenol 63%; 
2-chlorophenol 61%; n-ninitrosodipropylamine 61%; phenol 63%; acenaphthene 68%. 
Batch 16157 LCS recoveries: n-ninitrosodipropylamine 69% 
  
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, all sample DLs 500-600 ug/kg. 
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Additional Accuracy Infractions 
  
Batch 15813 MS/MSD recoveries:  1,4-dichlorobenzene 68%/68%; n-ninitrosodipropylamine 67%/64%. 
Batch 15818 MS/MSD recoveries: 1,2,4-trichlorobenzene 68%/68%; 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%. 
Batch 15813 MS/MSD recoveries: 1,2,4-trichlorobenzene 61%/63%; 1,4-dichlorobenzene 58%/65%; 4-
chloro-3-methylphenol 66%/67%; 2-chlorophenol 66%/67%; n-ninitrosodipropylamine 67%/63%; 
phenol 67%/68%; acenaphthene 64%/60%. 
Batch 16153 MS/MSD recoveries: 1,2,4-trichlorobenzene 44%/38%; 1,4-dichlorobenzene 40%/36%; 4-
chloro-3-methylphenol 67%/66%; 2-chlorophenol 57%/56%; n-ninitrosodipropylamine 55%/55%; 
phenol 60%/59%; acenaphthene 64%/63%. 
  
Batch 16154 MS/MSD recoveries: 1,2,4-trichlorobenzene 63%/57%; 1,4-dichlorobenzene 60%/53%; 4-
chloro-3-methylphenol 64%/57%; 2-chlorophenol 63%/53%; n-ninitrosodipropylamine 62%/53%; 
phenol 63%/54%; acenaphthene OK/62%; 4-nitrophenol OK/58%; 2,4-dinitrotoluene OK/66%; 
pentachlorophenol OK/68%. 
Batch 16157 MS/MSD recoveries: 1,2,4-trichlorobenzene OK/66%; 1,4-dichlorobenzene 68%/62%; 2-
chlorophenol OK%/69%; n-ninitrosodipropylamine 69%/65%. 
  
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:  15 July 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Inorganics - Sample Data Groups (SDGs) 20090573, 20090574 and 20090607 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090573, 20090574 and 
20090607 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 
B1YY17 8/03/2009 Water C See note 1 
B20XW6 7/30/2009 Soil C See note 1 
B20XW9 7/30/2009 Soil C See note 1 
B20XX2 7/30/2009 Soil C See note 1 
B20XX5 8/03/2009 Soil C See note 1 
B211W3 8/04/2009 Soil C See note 1 
B211W6 8/04/2009 Soil C See note 1 
B211W9 8/05/2009 Soil C See note 1 
B211X2 8/05/2009 Soil C See note 1 
B215K8 7/30/2009 Soil C See note 1 
B215K9 7/30/2009 Soil C See note 1 
B211Y3 8/11/2009 Soil C See note 1 
B211Y6 8/11/2009 Soil C See note 1 
B211Y9 8/11/2009 Soil C See note 1 
B21202 8/12/2009 Soil C See note 1 
B21205 8/13/2009 Soil C See note 1 
B21207 8/13/2009 Soil C See note 1 
B21208 8/13/2009 Soil C See note 1 
B21211 8/17/2009 Soil C See note 1 
B21214 8/17/2009 Soil C See note 1 
B215L0 8/10/2009 Soil C See note 1 
B215L1 8/10/2009 Soil C See note 1 

1 – 6010C (ICP-AES); 6020A (ICP-MS, including metals, fission products and actinides); 
7470A/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 
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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 soil samples requires chilling to 4 degrees Celsius.  Sample 
preservation for water samples requires chilling to 4 degrees Celsius and acid preservation with 
nitric acid to pH <2. 
 
The samples were analyzed within the prescribed holding times and properly preserved with the 
following exception.  Sample B1YY17 was analyzed for ICP-MS fission products beyond the 
holding time but within 2X the holding time.  The Tc-99, Sn-117 and Sn-126 results for this 
sample 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 SDG 20090574, batch 16815, the Ca and Zn laboratory blank results were > the method 
detection limits (MDLs).  All associated sample results were detects >5X the blank results and 
should not be qualified as a result. 
 
For SDG 20090607, batch 16819, the Ca and Si laboratory blank results were > the MDLs.  All 
associated sample results were detects >5X the blank results and should not be qualified as a 
result. 
 
For SDG 20090574, batch 16735, the Tc-99 laboratory blank result was > the MDL.  The Tc-99 
results for samples B215K8, B215K9, B20XW6, B20XW9 and B20XX2 were detects <5X the 
blank result and should be qualified as non-detect estimates and flagged “UJ.” 
 
For SDG 20090574, batch 17060, the Tc-99 laboratory blank result was > the MDL.  The Tc-99 
results for samples B20XX5, B211W3, B211W6, B211W9 and B211X2 were detects <5X the 
blank result and should be qualified as non-detect estimates and flagged “UJ.” 
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For SDG 20090607, batch 16721, the Th-232, U-235 and U-238 laboratory blank results were > 
the MDLs.  All associated sample results were detects >5X the blank results and should not be 
qualified as a result. 
 
For SDG 20090573, batch 16791, the Th-232 laboratory blank result was > the MDL.  The 
associated sample result was a non-detect and should not be qualified as a result. 
 
For SDG 20090574, batches 16797 and 16918, the Th-232 laboratory blank results were > the 
MDL.  All associated sample results were detects >5X the blank results and should not be 
qualified as a result. 
 
For SDG 20090574, batch 16972, the Tl laboratory blank result was > the MDL.  The Tl results 
for samples B215K8, B20XW9 and B20XX2 were detects <5X the blank result and should be 
qualified as non-detect estimates and flagged “UJ.”  The Tl results for the remaining two samples 
were detects >5X the blank result and should not be qualified as a result. 
 
For SDG 20090574, batch 16991, the Ni and Se laboratory blank results were > the MDLs.  All 
associated Ni sample results were detects >5X the blank result and should not be qualified as a 
result.  All associated Se sample results were non-detects and should not be qualified as a result. 
 
For SDG 20090607, batch 17076, the Ag and Tl laboratory blank results were > the MDLs.  All 
associated Ag sample results were detects <5X the blank result and should be qualified as non-
detect estimates and flagged “UJ.”  See the table in Appendix 2 for a listing of all affected 
sample results.  The Tl result for sample B211Y6 was a detect <5X the blank result and should 
be qualified as a non-detect estimate and flagged “UJ.”  The Tl results for the remaining samples 
were detects >5X the blank result and should not be qualified as a result. 
 
For SDG 20090574, batch 17146, the Se laboratory blank result was > the MDL.  All associated 
sample results were non-detects and should not be qualified as a result. 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
All equipment blank results were acceptable with the following exceptions.  Ca, Fe, Na and Si 
were detected in equipment blank B1YY17. 
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� 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 SDG 20090574, batch 16815, the K, Mg and Na MS recoveries were > the upper acceptance 
limits.  All associated sample results were detects and should be qualified as estimates and 
flagged “J.”  See the table in Appendix 2 for a listing of all affected sample results. 
 
For SDG 20090607, batch 16819, the Na and Si MS recoveries were > the upper acceptance 
limits, and the Ta MS recovery was <30%.  All associated Na and Si sample results were detects 
and should be qualified as estimates and flagged “J.”  See the table in Appendix 2 for a listing of 
all affected sample results.  Ta was reported in sample B211Y9 only, and the result was a detect 
and should be qualified as an estimate and flagged “J.” 
 
For SDG 20090574, batch 16820, the K, Na, Si and Ti MS recoveries were > the upper 
acceptance limits, and the W MS recovery was < the lower acceptance limit but �30%.  All 
associated sample results were detects and should be qualified as estimates and flagged “J.”  See 
the table in Appendix 2 for a listing of all affected sample results. 
 
For SDG 20090574, batch 16991, the Se MS recovery was > the upper acceptance limit.  All 
associated sample results were non-detects and should not be qualified as a result. 

Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable with the following exceptions. 
 
For SDG 20090574, batches 16815 and 16820, the Si LCS recoveries were < the lower 
acceptance limit but �50%.  All associated sample results were detects and should be qualified as 
estimates and flagged “J.”  See the table in Appendix 2 for a listing of all affected sample results. 
 
For SDG 20090607, batch 16819, the Si LCS recovery was < the lower acceptance limit but 
�50%.  All associated sample results were detects and should be qualified as estimates and 
flagged “J.”  See the table in Appendix 2 for a listing of all affected sample results. 

� 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 
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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 (for soil samples, <1X for water samples) 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 with the following exceptions. 
 
For SDG 20090574, batch 16815, the duplicate relative percent difference (RPD) for S was 
>30%.  All associated sample results were detects and should be qualified as estimates and 
flagged “J.”  See the table in Appendix 2 for a listing of all affected sample results. 
 
For SDG 20090574, batch 16820, the duplicate RPDs for Ba, Cr, K, Mg, Na, La, Nd, Ti, Y and 
Zr were >30%.  All associated sample results were detects and should be qualified as estimates 
and flagged “J.”  See the table in Appendix 2 for a listing of all affected sample results. 
 
Field Duplicate Samples
 
All field duplicate results were acceptable with the following exceptions.  Samples B215K8 and 
B215K9 had Ba and Mn RPDs >30%, and a Ni difference >2X the CRDL.  Samples B215L0 and 
B215L1 had a Mn RPD >30%. 
 
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 with associated non-detected sample results were below the CRDLs 
[or Target Detection Limits (TDLs) when CRDLs were not provided in the SAP] with the 
following exceptions. 
 
For all soil samples, the Hg, Se and U MDLs were > the CRDLs. 
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� Completeness 
 
SDGs 20090573, 20090574 and 20090607 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. 
 
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. 
 
The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  
The lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all 
results are simply switched. 
 
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 

SDGs 20090573, 
20090574 & 20090607 

Reviewer: 
AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

Si J B20XX5, B211W3, B211W6, 
B211W9, B211X2 Low LCS recovery 

K, Mg & Na J B20XX5, B211W3, B211W6, 
B211W9, B211X2 High MS recoveries 

S J B20XX5, B211W3, B211W6, 
B211W9, B211X2 

Poor laboratory 
duplicate precision 

Si J 

B215L0, B215L1, B211Y3, 
B211Y6, B211Y9, B21202, 
B21205, B21208, B21211, 

B21214 

Low LCS recovery & 
high MS recovery 

Na J 

B215L0, B215L1, B211Y3, 
B211Y6, B211Y9, B21202, 
B21205, B21208, B21211, 

B21214 

High MS recovery 

Ta J B211Y9 Very low MS recovery

Si J B215K8, B215K9, B20XW6, 
B20XW9, B20XX2 

Low LCS recovery & 
high MS recovery 

K, Na, Ti J B215K8, B215K9, B20XW6, 
B20XW9, B20XX2 

High MS recovery and 
poor laboratory 

duplicate precision 
W J B215K8, B215K9 Low MS recovery 

Ba, Cr, Mg, La, Nd, 
Y & Zr J B215K8, B215K9, B20XW6, 

B20XW9, B20XX2 
Poor laboratory 

duplicate precision 

Tc-99 UJ 

B215K8, B215K9, B20XW6, 
B20XW9, B20XX2, 

B20XX5, B211W3, B211W6, 
B211W9, B211X2 

Laboratory blank 
contamination 

Tc-99, Sn-117 &  
Sn-126 UJ B1YY17 

Analysis beyond the 
holding time but 

within 2X the holding 
time 

Tl UJ B215K8, B20XW9, B20XX2 Laboratory blank 
contamination 

Ag UJ 

B215L0, B215L1, B211Y3, 
B211Y6, B211Y9, B21202, 
B21205, B21208, B21211, 

B21214 

Laboratory blank 
contamination 

Tl UJ B211Y6 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: C7466 AND C7468 

IN SUPPORT OF RCRA SOIL CHARACTERIZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between July 30th and August 17th, 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 other 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 Reports 
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 SAMPLE RECEIPT 
A total of 20 core intervals from two core holes along with one equipment blank and nine trip 
blanks were received by 222-S beginning July 30th  and ending August 17th, 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 the following samples: 
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� C7466 – I-004 all samples 
� Trip Blank-2 
� Equipment Blank 

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.  

2.2 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. Two core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The surface samples were received as a 
set of VOA samples and two 500 mL jars. The liner samples from each core interval were 
extruded, described, and composited by the Washington River Protection Solutions, Inc. (WRPS) 
geologist. The surface samples were also described. 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. 

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 
results from gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic 
compounds (SVOC) and volatile organic compounds are 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 (MDA) for radionuclides. 

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

“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. 
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“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 Attachments 1 and 4 contain 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. 

“E” indicates that the result was above the calibration range. 

“J” indicates that the reported result should be considered an estimate This flag was used 
in this report to denote: 

� Results below the quantitation limit, but above the MDL.  
� Results above MDA, but with a counting uncertainty greater than 30%. 
� Results are estimated values.  

 “N” indicates a TIC which has been named. 

 “T” indicates a TIC. 

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

“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 percent difference (%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. 

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 
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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 and the 
equipment blank. All analyses met the SW846 holding time of 14 days. 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. 

Batches 15506 and 15820: There were no notable issues with these batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15890: The MS failed low at 70% and the sample results have been flagged with a “b”. 
This MS was originally analyzed in batch 15891 with a low recovery of 74%. Since the MS was 
distilled and analyzed twice with similar results the laboratory did not believe additional 
reanalysis was necessary.  

Batch 15891: The MS originally contained in this batch was recovered low at 74% and was 
prepared and reanalyzed with all samples except S09V000957 in batch 15890. The MS was 
recovered low at 70% in the reanalysis. In order to include sample S09V000957, all samples 
were reported from the original analysis and flagged with a “b”. The MS was reported in batch 
15890. Since the client only required one MS per core hole (see Attachment 5), this project QC 
requirement was met.
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3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples and the 
equipment blank. All analyses met the SW846 holding time of 7 days except for the equipment 
blank by one day. There was no required reporting limit in the SAP for sulfide. The target 
detection limit was 5 �g/g. The sample results had adjusted MDLs of 6.3 to 7.4 �g/g.

Batches 15367, 15480, 15484, 15668, and 15753: There were no notable issues with these 
batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15752: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 33%. 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 and the equipment blank. 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 for the soils were taken 
immediately after the water leach was performed, but the sampling to analysis date varied from 1 
to 16 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 had no apparent effect on the results. However, the client’s expectation was that 
analysis would be performed within 14 days. Only 3 samples were analyzed outside of 14 days.  
Due to an oversight error by the laboratory’s analytical staff, the pH for the equipment blank was 
analyzed 31 days after sampling. Since this analysis has little or no significance and was only 
performed in order to meet a requirement in DOE/RL-96-68, the overall data quality for the 
project was not affected. 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 and 
the equipment blank. All results met the QC requirements in the FSAP, SAP, and QAPP. All 
analyses met the holding time of 28 days. 

This analysis met the target detection limits. The required detection limit of 0.01�g/g was not 
met for these samples. The detection limits vary from 0.018 �g/g to 0.048 �g/g. This was caused 
by using too small of an aliquot, and apparently was an oversight error by the laboratories 
analytical staff. The final batch report was not reviewed in time by the project manager for the 
samples to be reanalyzed within the holding time. The lowest risk-driven reporting limit 
requirement in Table 5-3 of the SAP was 0.1 �g/g, which was met. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for ammonium was performed using a distillation preparation of the liner composite 
samples and the equipment blank. The SAP lists an administrative holding time of 7 days. The 
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laboratory believes that after distillation and preservation, the appropriateholding time 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. Three samples were analyzed 
outside of the administrative 7-day holding time: B20XX5 (S09V001022), B211W3 
(S09V001023), and B211W6 (S09V001024). One sample B1YY17 (S09V000932), was 
analyzed outside of the EPA 28 day holding time. These missed holding times were 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 15684, 15714, and 16081: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15429: The duplicate RPD exceeded the required 30%. Since the results for these analytes 
were below the quantitation limit, the criterion does not apply. 

Batch 15819: The spike and duplicate for this batch was reported in batch 15429. This met the 
client requirement of one spike and one duplicate per core hole (See Attachment 5). 

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 and a direct aliquot the equipment blank. 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 practices 
were developed for the analysis of concentrated waste, which typically does not include the use 
of predigestion spikes for this analysis. The laboratory will change to predigestion spike for 
future Vadose Projects. 

In general, these samples experienced high RPDs in most batches, but only fluoride exceeded 
30% with a result above the quantitation limit. Most samples were reanalyzed with little or no 
improvement. Other analyses also experienced high RPDs. The exact cause of the RPD failures 
is unknown at this time, but it is the laboratory’s opinion that it is matrix related. The “c” flag 
has been applied to the fluoride results for all samples in the batch, not just the sample used for 
the duplicate analysis. 

Only bromide and fluoride had required detection limits and these were met. All target detection 
limits were met. 

Batch15462: Results met all quality control requirements. 

Batch 16804: The RPD for acetate, formate, nitrite, and phosphate exceeded the required 30%. 
Since the results for these analytes were below the quantitation limit, the criterion does not 
apply. The RPD for fluoride also exceeded the 30% requirement in the SAP and the result was 
above the quantitation limit. All sample results for fluoride have been flagged with a “c.” The 
preparation blank results for formate, nitrite, sulfate, and nitrate were above the MDL but less 
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than the quantitation limit. Therefore, the data quality was not affected and reanalysis was not 
required. Sample results were “B” flagged if the blank result exceed 5% of the sample result. 

Batch16818: The RPD for acetate, formate, nitrite, sulfate, and nitrate exceeded the required 
30%. Since the result for these analytes were below the quantitation limit, the criterion does not 
apply.

Batch 17017: This analytical batch contained two preparation batches. Formate was present in 
the second preparation blank at levels below the quantitation limit; therefore, reanalysis was not 
required. Sample results have been flagged with a “B” when appropriate.  The RPD for sulfate 
and oxalate in the first preparation batch exceeded the required 30% in the SAP. Since the results 
for sulfate and oxalate were below the quantitation limit, the criterion does not apply.  The RPD 
for fluoride also exceeded the 30% requirement and the results were all above the quantitation 
limit. Therefore, all sample results for fluoride in this preparation batch have been flagged with a 
“c”. 

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectrometry 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples and a direct aliquot the equipment blank. 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 silicon experienced LCS failures and that reanalysis was not 
required for this secondary element. In particular, the digestion method used, which was an acid 
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. 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.  

Batch 16815: The initial low level standard (LLS) recovery for lanthanum failed low at 50%. 
This indicates that results near the LLS could be biased low and have been flagged with “J” to 
indicate these results are estimated. Lanthanum is a secondary analyte. The LCS for silicon was 
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recovered low at 51% and the results have been flagged with an “a”. This could indicate that 
results are biased low. Please see previous discussion concerning silicon. Since silicon is a 
secondary analyte, reanalysis was not required. Calcium and zinc were detected in the 
preparation blank below the quantitation limit and at less than 5% of the lowest sample result. 
Therefore, reanalysis was not required. The RPD for sulfur exceed the 30% requirement in the 
FSAP at 78% and a “c” flag has been applied to all results in the batch. Since sulfur is a 
secondary analyte, reanalysis is not required.  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 
recoveries for potassium, magnesium, and sodium exceeded the ±25% criterion in the SAP and 
FSAP. The associated sample results have been flagged with a “b.”  Since these are secondary 
analytes reanalysis was not required. The serial dilution results for manganese, silicon and 
titanium exceeded the QAPP requirement of 10% at  15%, 14%, and 11%, respectively. The 
laboratory believes this is due to matrix interference and/or sample inhomogeneity.  

Batch 16819: The LCS for silicon was recovered low at 77% and the results have been flagged 
with an “a”. This could indicate that results are biased low. Please see previous discussion 
concerning silicon. The preparation blank contained silicon and calcium below the quantitation 
limit and less than 5% of the lowest sample result.  Therefore, reanalysis was not required.  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 and silicon 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 22%. The laboratory 
believes this was due to an issue with the standard. Since tantalum is not a required analyte, 
reanalysis was not required. The sample result has been flagged with a “b”. The serial dilution 
results for silicon and sodium exceeded the QAPP requirement of 10% at 11% and 21%, 
respectively. The laboratory believes this is due to matrix interference and/or sample 
inhomogeneity. The closing LLS recovery for lanthanum was slightly above the 130% 
requirement in the analytical method at 136%.  Since the lanthanum results were well above the 
LLS, the laboratory does not believe the data quality is affected.  The RPD for tungsten exceeded 
the ±30% required by the FSAP and SAP. However, since the result was below the quantitation 
limit the criteria does not apply. The RPD for silicon exceeded the ± 30% requirement in the 
SAP and FSAP. Please see previous discussion concerning silicon. Since silicon is a secondary 
analyte, reanalysis was not required. 

Batch 16820: The ending LLS for lanthanum exceeded the ±30% requirement in the QAPP at 
136%. The lowest sample result has been flagged with a “J” indicating it could be biased high. 
The remainder of the sample results were well above the LLS level and were not flagged as 
estimated. The LSC was recovered low at 72% for silicon. The sample results have been flagged 
with an “a”. The MS for titanium, potassium, and silicon failed high. The results have been 
flagged with a “b” (please see previous discussion concerning silicon). Since these are  
secondary analytes, reanalysis was not required. The RPDs for cerium, copper, potassium, 
lithium, and sodium,  exceed the 30%, but the results were below the quantification limit; 
therefore, the criterion does not apply. The RPDs for chromium, lanthanum, neodymium, 
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titanium, yttrium, barium, zirconium, and magnesium exceeded the 30% requirement in the 
FSAP.  All associated results have been flagged with  a “c”.  As discussed above the laboratory 
believes these high RPDs were caused by matrix interference and/or sample inhomogeneity. 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 serial dilution for calcium exceed the ±10% requirement 
for calcium at 11% and silicon at 13%. Therefore, the calcium and silicon results have been 
flagged with an “e”. The laboratory believes this was caused by matrix interference. 

Batch 16892: There were no notable issues with this batch, and all QC requirements in the 
FSAP, SAP, and the QAPP were met. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy 

The ICP/MS actinide and trace metal analyses were performed on the SW846-3050 acid 
digestion of all liner composite samples and on a direct aliquot of the equipment blank. The 
ICP/MS 126Sn and 99Tc analysis was performed using the same digest, without the addition of the 
hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis because of the potential 
isobaric interference. 

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; however, standard 
material is not available for all the isotopes of interest.  Concentrations of those isotopes without 
available standards are estimated based on the instrument’s mass-response curve, which is 
generated by using the intensity/concentration relationship for the available isotope standards.
Results estimated in this manner are designated “semi-quantitative.”  

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 
analyzed within the holding time. However, due to an oversight, one sample, the equipment 
blank, was not analyzed within the holding time listed in the FSAP. This analysis exceeded the 
180 day holding time by 10 days. Since there is no evidence that 99Tc results would change over 
time when stored and acidified, the laboratory does not believe this exceedance affected the final 
results. In fact, the 99Tc standards used for this analysis are stored in the same way and have a 
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one year shelf life based on laboratory procedure. The manufacturer does not list an expiration 
date for these standards.

Batches 16761 and 17846: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16735: The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. 

Batch 17060: The ICB and CCB blanks contained 126Sn below the quantification level. Since 
126Sn was not detected in the samples, the data quality was not affected and reanalysis was not 
required. The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. The RPD for 99Tc was greater than 30%, but the 
result was below the quantitation level; therefore, the criterion does not apply. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes. The FSAP lists the holding 
time for isotopic analytes as 6 months. All samples were analyzed within the holding time. 

Batch 16721: The preparation blank contained 238U and 232Th above the quantitation level but 
less than 5% of the lowest sample results, therefore no “B” flags were applied and reanalysis was 
not required. The preparation blank contained 235U below the quantitation level and less than 5% 
of the lowest sample result, therefore no “B” flags were applied and reanalysis was not required. 
The RPD for 234U exceeded the 30% requirement in the SAP. However, since the result was 
below the quantitation level, this criterion does not apply. 

Batch 16791: The ICB result for 232Th was below the quantitation limit and the sample result 
was below the MDL; therefore, reanalysis was not required. 

Batch 16797: 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 first CCB contained 236U below the quantitation limit, which had no effect 
on the data quality, since the sample results were below the MDL. The RPD for 234U exceeded 
the 30% requirement at 51%; since the sample result was below the quantitation limit, this 
criterion does not apply. The RPDs for 232Th, 235U and 238U exceeded the 30% requirement in the 
SAP at 43%, 38%, and 34%, respectively. These results were reported from a re-preparation and 
reanalysis due to similar recoveries in the initial analysis. The second analysis used a larger 
sample aliquot size but there was still no improvement. Based on this, the laboratory believes the 
high RPDs are a result of sample inhomogeneity and additional reanalysis is would not provide 
improved results. All associated results have been flagged with a “c”.  

Batch 16918: The preparation blank result for 232Th was below the quantitation limit and less 
than 5% of the sample results; therefore, reanalysis was not required and the data quality was not 
affected. The RPD for 233U exceeded the 30% requirement in the SAP. Since the result was 
below the quantitation level, this criterion does not apply. 
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Batch 17028: The CCB result for 237Np was below the quantitation limit and all sample results 
were below the MDL, therefore, reanalysis was not required. 

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 and 
target detection limits 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. Ten of the twenty sample results for selenium were above the 
target detection limit due to matrix interference. The SW846 holding time for metal analysis is 6 
months. All samples were analyzed within this holding time. 

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. The laboratory plans to use the required 
interference check standard for future projects. 

Batch 16972: 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. The duplicate RPD for thallium exceeded the 30% requirement at 
53%. Since the sample result was below the quantitation level, this criterion does not apply. 

Batch 16991: The preparation blank and two CCB results for nickel were above the MDL but 
less than the quantitation limit. Since the blank result was less than 5% of all sample results, 
reanalysis was not required. 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 
MS for selenium failed high at 135%. Since all selenium results were below the MDL, there was 
no effect on the data quality. The initial LLS for selenium was recovered at 270% and closing 
LLS for selenium was recovered at 68%. Since selenium was not detected in any of the samples, 
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. 

Batch 17076: The preparation blank results for silver and thallium were above the MDL but less 
than the quantitation limit. Since the blank results were 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 17146: The preparation blank result for selenium was above the MDL but less than the 
quantitation limit. However, since all sample results were below the MDL, the data quality was 
not affected. The duplicate RPD for lead exceeded the 30% requirement at 34%. Based on 
repeated RPD failures in other batches, the laboratory believes this high RPD was a result of 
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sample inhomogeneity and additional reanalysis was unnecessary. This was discussed with and 
accepted by the client (see Attachment 5). 

Batch 17235: The duplicate RPD for silver exceeded the 30% requirement at 44%. Since the 
sample result was below the quantitation level, this criterion does not apply. 

Batch 17286:The initial LLS for selenium was recovered at 33% and closing LLS for selenium 
was recovered at 16%. Since there was no instrument signal for selenium, even at a level below 
the MDL, the data quality was not affected.  Due to matrix interference the detection limit for 
this batch for selenium was 10 times that of the other batches. 

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. With the 
exception of 129I analysis, tracers and spikes are added after the digestion. Historically the 222-S 
Laboratory has predominantly analyzed  samples with high levels of radioactive isotopes. 
Adding enough tracer or spike to be detectable in these types of samples would increase the dose 
exposure for analytical personnel and be prohibitively expensive. Plans are in place to change 
this practice for environmental level samples and future Vadose Project samples will use 
predigestion spikes and tracers. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples and the equipment blank. 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 15411, 15679, 15680, and 16407: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15709: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the FSAP and SAP only requires one field duplicate per core hole (see Attachment 5). 
Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-89/90

Strontium-89/90 analysis was performed on a strong acid digest of all liner composite samples 
and a direct aliquot of the equipment blank. Twelve of the sample analyses met the required 
detection limit of 2.3 pCi/g listed in the FSAP. The remaining eight samples achieved a detection 
limit between 2.3 pCi/g and 4.1 pCi/g. No detection limit exceeded the lowest action limit of 23 
pCi/g in Table 5.2 of the SAP. No sample results met the target detection limit. 

Batches 16654, and 16666: There were no notable QC issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16490: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting uncertainty of 108%. All samples were below the MDA and the data 
quality was not affected. Therefore reanalysis was not required. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of the equipment blank. This method only measured the tritium that 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 and a 
direct aliquot of the equipment blank. The analysis achieved the target detection limit in the 
FSAP. No required detection limit was listed. No standard is currently available for 79Se. A 
calibration curve was developed using 14C, which has a similar beta energy profile. Additionally, 
a cold carrier is used to monitor recovery and is measured gravimetrically. These results should 
be considered semi-quantitative. There were no notable issues with any of the 79Se batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of equipment blank. 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. The analysis achieved the required detection limit in the FSAP but exceeded the target 
detection limit of 1 pCi/g. Most samples had detection limits of between 50 pCi/g and 80 pCi/g. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples and a 
direct aliquot of the field blank. The analysis achieved the required detection limit in the FSAP 
but exceeded the target detection limit of 30 pCi/g. The samples had detection limits of between 
50 pCi/g and 75 pCi/g.

Batches 16394, 16671, and 16767: There were no notable issues with these 63Ni batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16455: The preparation blank had a positive result slightly above the MDA with a 
counting uncertainty of 134%. The sample result was below the MDA, therefore reanalysis was 
not required. 
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3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite samples 
and the a direct aliquot of equipment blank. The required and target detection limits in the SAP 
were met. There were no notable issues with these batches, and all QC requirements were met. 

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 and a direct aliquot of the equipment blank. 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. 

3.3.9 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 and a direct aliquot of  the equipment blank. 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 and its associated methanol blank were 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. Nine liquid trip blank samples 
and one equipment blank 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 met the required holding time except for 
soil samples B21207 (S09V0001120), and B21210 (S09V0001121). These samples were 
analyzed one day outside the holding due to internal standard and surrogate failures on the initial 
analysis, which was within the holding time. The laboratory believes that the effect of the 
holding time exceedance on sample results is minimal. A study by the Department of Energy and 
others have 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: 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. These detection limit exceedances 
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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 standards 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. 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 laboratory also 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging.

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 based 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 
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. 

Hexane was present in all core samples and three trip blanks. None of the method blanks or the 
equipment blank contained hexane above the MDL. Sixteen of the core samples contain hexane 
above the quantitation limit and 3 samples were more than 10 times the quantitation limit. None 
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of the trip blanks contained hexane above the quantitation. This would indicate that soil 
contamination is a likely source of the hexane. However, since hexane was used in the sampler 
cleaning process, this cannot be ruled out as the source. 

Methylene chloride was present in all trip blanks, the equipment blank and eight core samples. 
Eleven samples contained methylene chloride above the quantitation limit. Only one core sample 
contained methylene chloride above the quantitation limit. The method blank associated with this 
sample contained methylene chloride above the quantitation limit and was actually higher than 
the sample. The trip blank levels for methylene chloride were quite high (up to 100 times the 
quantitation limit), but the associated method blanks were below the quantitation limit and one 
was below the MDL. This indicates that the methylene chloride found in the trip blanks and 
equipment blank is contamination from the water used to make these blanks. The lower results 
for methylene chloride in the core samples and method blanks appear to be laboratory 
contamination.  

Styrene was detected in eight core samples below the quantitation limit. Styrene was not detected 
in any blanks. At this low concentration, the styrene could represent soil contamination or 
possibly a natural plant product. 

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 in Appendix B.

Batches 15470 and 16176: Other than the issues addressed in the preceding paragraphs, all QC 
requirements in the SAP, FSAP, and ATL-MP-1011 were met for these batches.

Batch 16172: Methylene chloride was detected in the method blank at a concentration above its 
MDL but below the quantitation limit. Methylene chloride was detected in all samples in this 
batch above the quantitation limit. However, the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples. 
Therefore, the samples were “B”-flagged. Since the concentration of methylene chloride was less 
than the quantitation limit, reanalysis was not required. Toluene was also detected in the method 
blank and the samples at concentrations above the MDL but below the quantitation limit. The 
samples were “B”-flagged, because the concentration of toluene in the blank was greater than 
5% of concentration of toluene in the samples. Since the concentration of toluene in the samples 
and blank were below the quantitation limit, reanalysis was not required. All samples in this 
batch were blanks. 

Batch 16177: The method blank contained methylene chloride at a concentration above the 
MDL but below the quantitation limit . Methylene chloride was detected below the quantitation 
limit in all samples in this batch except one. Since the blank result was more that 5% of the 
sample results above the MDL, these results have been flagged with a “B”. Since all results were 
below the quantitation limit, reanalysis was not required. 

Batch 16178: Methylene chloride was detected in the method blank at concentrations above the 
MDL, but below the quantitation limit. Since the concentrations of methylene chloride in the 
samples were below the MDL, reanalysis was not required. An MS/MSD pair was not included 
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in this analytical batch. The MS/MSD for this core (C7466) was contained in batch 15470. This 
meets the requirements in the SAP and FSAP of one MS/MSD per core hole. (see Attachment 5). 

Batch 16179: All samples in this batch were trip blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL but below the quantitation limit. Methylene 
chloride was detected in all samples in this batch above the quantitation limit. However, the 
concentration of methylene chloride in the blank was greater than 5% of the concentration of 
methylene chloride detected in the one of the samples. Therefore, this sample was flagged with a 
“B”. Since the concentration of methylene chloride was less than the quantitation limit, 
reanalysis was not required. Acetone was also detected in the instrument blank above the MDL 
but below the quantitation limit. The samples did not contain acetone above the MDL, therefore 
reanalysis was not required. In one sample, the concentration of methylene chloride exceeded the 
highest calibration point by 300%. Due to instrument failure the laboratory was unable to 
reanalyze this sample within the holding time. Since the sample was a trip blank, and high 
concentration of methylene chloride only demonstrated another example of contamination of 
make-up water for the blanks, additional analyses outside the holding time were not performed. 
The sample result has been flagged with an “E”.   

Batch 16180: All samples in this batch were blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL and slightly below the quantitation limit. 
Methylene chloride was detected in all samples in this batch above the quantitation limit. 
However, the concentration of methylene chloride in the blank was greater than 5% of the 
concentration of methylene chloride detected in the samples. Therefore, the samples were “B” 
flagged. Since the concentration of methylene chloride in the blank was less than the quantitation 
limit, reanalysis was not required. Toluene was also detected in the method blank and the 
samples at concentrations above the MDL, but below the quantitation limit. The samples were 
“B” flagged, since the concentration of toluene in the blank is greater than 5% of concentration 
of toluene in the samples. Since the concentration of toluene in the samples and blank were 
below the quantitation limit, reanalysis was not required. In the MS, acetone was recovered 
below the ±30% required in the SAP at 63%. All sample results for acetone have been flagged 
with “b”. All sample results for acetone were below the MDL. 

Batch 16181: An MS/MSD pair was not included in this analytical batch. The MS/MSDs for this 
core (C7468) were contained in batches 16177 and 16182. This meets the requirements in the 
SAP and FSAP of one MS/MSD per core hole (see Attachment 5). The %D for 
trans-1,2-dichloroethene was 24%. The result for this compound was below the expected value. 
Results above the MDL could be biased low. However, the sample result was below the MDL. 
The average %D for the CCV was 5.8%, which meets QAPP requirements.  

Batch 16182: Methylene chloride was detected in the method blank at a concentration above its 
MDL and slightly below the quantitation limit. Methylene chloride was detected in all samples at 
approximately the same level as the blank. Since the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples, 
the samples were “B” flagged. Since the concentration of methylene chloride in the method 
blank was less than the quantitation limit, reanalysis was not required. The MS recoveries for 
acetone, MIBK, and 2-butanone were above ±30% required in the SAP at 142%, 142%, and 
135%, respectively. All sample results for these compounds were below the MDL; therefore, the 
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data quality was not affected and reanalysis was not required. All results for these compounds 
have been flagged with “b”.

Batch 16183: Acetone was detected in the blank at a concentration level above the MDL but 
below the quantitation limit. Since the sample result for acetone was below the MDL, reanalysis 
was not required. The MS/MSD RPD for acetone exceeded the 30% requirement in the SAP at 
50%. Since acetone was not detected in the sample, reanalysis was not performed. Acetone has 
been flagged with a “c”. Methylene Chloride was detected in the sample at a concentration that 
exceeded the upper calibration point and the result was “E”-flagged.  The laboratory performed 
an additional run of the sample at a 1:9 dilution to bring the result within the calibration range. 
However, the second analysis required a new vial, and the result was only a quarter of the 
original result. The result of the first analysis was recorded with a “J” flag, and the data from the 
rerun is included as supporting data. This result should be considered estimated. The cause for 
the large variation in the concentration of methylene chloride between the two vials is not clear. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples and the equipment blank. 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 B1YY17 (S09V000928), 
the equipment blank. This was caused by failure to assign the preparation test during sample 
log-in.

Ten of the twenty soil samples contained bis (2-ethylhexyl) phthalate. This compound was also 
detected in the equipment blank, but was not above the MDL in the method blanks. Additionally, 
low levels of butylbenzylphthalate were detected in two samples, but was not present in the 
method blanks or equipment blank. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination also could 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. In this case the equipment blank result for bis (2-ethylhexyl) phthalate was only 1.05 
times the MDL and two of the samples were approximately five times the MDL and one was 12 
times the MDL. This would indicate, that for at least these three sample, the source for the 
bis (2-ethylhexyl) phthalate was not the sampling device. 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. 

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

� The adjusted MDLs for cyclohexanone were above the 0.5 mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.51 mg/kg an 0.56 
mg/kg.
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� 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 0.51 mg/kg and 
0.56 mg/kg for this compound. 

The 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. 

Batch 15813 and 16154: There were no notable issues with this batch, and all QC requirements 
in the FSAP, SAP, and the QAPP were met.  

Batch 15818: All QC requirements were met. However, large cyclohexane, 
methyl cyclopentane, and hexane peaks were detected and tentatively indentified during the 
analysis of the samples. The laboratory believes that these compounds were present in the 
methylene chloride used for the extraction and are therefore not reported as TICs. 

Batch 16153: On the second analysis the surrogate 2-fluorobiphenyl was recovered below the 
laboratory’s administrative limits of 50% to 150% at 49% in the equipment blank sample. Since 
only 6 compounds were reported from this analysis, and none are generally associated with this 
surrogate, the laboratory believes that there was little or no affect on the overall data quality. 

Batch 16157: On the second analysis, the surrogate terphenyl-d14- was recovered below the 
SPC limits of 71%-175% at 70% in the method blank. This is only slightly low and should not 
affect the results, which were all below the MDL for the method blank. 

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 each TIC was calculated using measured response factors from the 
Hanford library compound list. 

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 both the field 
samples and 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. 
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Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

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

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

Cyanide (liquid) LA-695-102, Rev. L-0 
(SW-846 9010C) 

LA-695-102, Rev. L-0 
(SW-846 9014) 

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

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

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

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

pH (liquid) Direct LA-212-106, Rev. H-0 
(SW-846 9040C) 

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. P-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. 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-365-132, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA (solid) LA-378-105, Rev. C-0 LA-378-105, Rev. C-0 
129I – Separation/GEA (liquid) LA-378-103, Rev. K-0 LA-378-103, Rev. K-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, 
(SW-846 8260B) 

SVOC – GC/MS (solid) LA-523-138, Rev. F-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 

SVOC – GC/MS (liquid) LA-523-115, Rev. G-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 
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WMA C VSR10-021
7-15-2010222-S LaboratoryCarl Schloesslin

20090573, 20090574 & 20090607

X
EPA 200.8 
ICP/MSX

20090573: Water sample B1YY17 
20090574: Soil samples B20XW6, B20XW9, B20XX2, B20XX5, B211W3, B211W5, B211W6, B211W9, B211X2, 
B215K8, B215K9 
20090607: Soil samples B211Y3, B211Y6, B211Y9, B21202, B21205*, B21207*, B21208, B21211, B21214, 
B215L0, B215L1 
  
*See Completeness section below

The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  The 
lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all results 
are simply switched.
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SDG 20090574, batch 16815 MB detections: Ca 36.2 ug/g, Zn 1.17 ug/g 
SDG 20090607, batch 16819 MB detections: Ca 8.4 ug/g, Si 5.0 ug/g 
SDG 20090574, batch 16735 MB detection: Tc-99 1.52E-03 ug/g 
SDG 20090574, batch 17060 MB detection: Tc-99 1.88E-03 ug/g 
SDG 20090607, batch 16721 MB detections: Th-232 0.011 ug/g, U-235 4.28E-05 ug/g, U-238 6.36E-03 ug/g 
SDG 20090573, batch 16791 MB detection: Th-232 1.72E-07 ug/mL   
See the additional comments sheet for more blank infractions.

SDG 20090574, batch 16815:  Si LCS %R = 51%, K MS %R = 203%, Mg MS %R = 315%, Na MS %R = 159% 
SDG 20090607, batch 16819:  Si LCS %R = 77%, Na MS %R = 141%, Si MS %R = 244%, Ta MS %R = 22% 
SDG 20090574, batch 16820:  Si LCS %R = 72%, K MS %R = 216%, Na MS %R = 197%, Si MS %R = 160%, 
                                                                       Ti MS %R = 167%, W MS %R = 64% 
SDG 20090574, batch 16991:  Se MS %R = 135% 
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SDG 20090574, batch 16815:  S RPD = 78% 
SDG 20090574, batch 16820:  Ba RPD = 91%, Cr RPD = 65%, K RPD = 70%, Mg RPD = 52%, Na RPD = 48% 
                                                La RPD = 40%, Nd RPD = 34%, Ti RPD = 33%, Y RPD = 33%, Zr RPD = 33% 
 
Field duplicates B215K8 & B215K9: Ni diffference >2X the CRDL, Ba RPD = 31%, Mn RPD = 32% 
Field duplicates B215L0 & B215L1: Mn RPD = 35% 
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Sample B1YY17 analyzed for Tc-99, Sn-117 & Sn-126 190 days after sample collection (HT = 180 days) 
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MDLs > CRDLs [or Target Detection Limits (TDLs) when CRDLs not provided in the SAP] for non-detected 
sample results.  All values are in ug/g. 
  
All soil samples - Hg MDLs ranged from 0.018 to 0.048 ug/g (CRDL = 0.01 ug/g) 
All soil samples - U MDLs approximately 19 ug/g (CRDL = 0.5 ug/g) 
All soil samples - Se MDLs ranged from approximately 0.22 ug/g to 2.3 ug/g (CRDL = 0.03 ug/g) 
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Additional Blank Infractions 
SDG 20090574, batch 16797 MB detection: Th-232 9.45E-04 ug/g 
SDG 20090574, batch 16918 MB detection: Th-232 6.66E-04 ug/g 
SDG 20090574, batch 16972 MB detection: Tl 0.019 ug/g 
SDG 20090574, batch 16991 MB detections: Se 0.50 ug/g, Ni 0.049 ug/g 
SDG 20090607, batch 17076 MB detections: Ag 0.035 ug/g, Tl 0.011 ug/g 
SDG 20090574, batch 17146 MB detection: Se 0.21 ug/g 
  
Equipment blank B1YY17 detections (in ug/mL): Ca 0.13, Fe 0.023, Na 0.85, Si 0.11
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Date:  15 July 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: General Chemistry - Sample Data Groups (SDGs) 20090573, 20090574 and 20090607 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090573, 20090574 and 
20090607 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 
B1YY17 8/03/2009 Water C See note 1 
B20XW6 7/30/2009 Soil C See note 1 
B20XW9 7/30/2009 Soil C See note 1 
B20XX2 7/30/2009 Soil C See note 1 
B20XX5 8/03/2009 Soil C See note 1 
B211W3 8/04/2009 Soil C See note 1 
B211W6 8/04/2009 Soil C See note 1 
B211W9 8/05/2009 Soil C See note 1 
B211X2 8/05/2009 Soil C See note 1 
B215K8 7/30/2009 Soil C See note 1 
B215K9 7/30/2009 Soil C See note 1 
B211Y3 8/11/2009 Soil C See note 1 
B211Y6 8/11/2009 Soil C See note 1 
B211Y9 8/11/2009 Soil C See note 1 
B21202 8/12/2009 Soil C See note 1 
B21205 8/13/2009 Soil C See note 1 
B21207 8/13/2009 Soil C See note 1 
B21208 8/13/2009 Soil C See note 1 
B21211 8/17/2009 Soil C See note 1 
B21214 8/17/2009 Soil C See note 1 
B215L0 8/10/2009 Soil C See note 1 
B215L1 8/10/2009 Soil C See note 1 

1 – 300.7 (ammonium), 9014 (cyanide), 9040C & 9045D (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 
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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 (soil) and within 28 days of 

sample collection (water) 
� Ammonium – analysis within 28 days of sample collection 
� pH – analysis as soon as possible after sample collection (24 hours is a reasonable limit) 
� Sulfide – analysis within 7 days of sample collection 
� Cyanide – analysis within 14 days of sample collection 
 
Sample preservation for soil requires chilling to 4 degrees Celsius. 
 
Sample preservation for water requires chilling to 4 degrees Celsius.  In addition, ammonium is 
brought to pH<2 with sulfuric acid, sulfide is brought to pH>9 with zinc acetate and sodium 
hydroxide, and cyanide is brought to pH>12 with sodium hydroxide 
 
The samples were extracted and analyzed within the prescribed holding times and properly 
preserved with the following exceptions. 
 
For ammonium and sulfide analyses, sample B1YY17 was analyzed beyond the holding times 
but within 2X the holding times.  The ammonium and sulfide results for this sample were non-
detects and should be qualified as estimates and flagged “UJ.” 
 
All samples were analyzed for pH between 1.4 days and 31 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 SDG 20090573, batch 16081, the ammonium laboratory blank result was > the MDL.  The 
ammonium result for sample B1YY17 was a non-detect and should not be qualified as a result.  
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For SDG 20090574, batch 16804, the nitrate, nitrite and sulfate laboratory blank results were > 
the MDLs.  The nitrite results for samples B20XX5 and B211W3 were detects <5X the blank 
result and should be qualified as non-detect estimates and flagged “UJ.”  The remaining 
associated sample results were all detects >5X the blank results and should not be qualified. 
 
For SDG 20090607, batch 17017, the formate result of the second laboratory blank was > the 
MDL.  The formate results for samples B21202, B21205, B21208, B21211 and B21214 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
 
All equipment blank results were acceptable with the following exceptions.  Chloride, formate 
and nitrate were detected in equipment blank B1YY17. 
 
� 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 with the following exceptions. 
 
For SDGs 20090574 and 20090607, batches 15891 and 15890, the MS recoveries for cyanide 
were < the lower acceptance limit but �30%.  The cyanide results for samples B20XX5, 
B211W3, B211W6, B211W9, B211X2, B215L0, B215L1, B211Y3, B211Y6 and B211Y9 were 
non-detects and should be qualified as estimates and flagged “UJ.” 
 
It should be noted that for SDG 20090574, ammonium batch 15819, an MS sample was not 
analyzed.  The laboratory case narrative addressed this and stated that the client requirement of 
one MS per core hole was met.  No sample data was qualified as a result. 
 
Laboratory Control Samples (LCSs)

All LCS recoveries were acceptable. 
 

Page 1003 of 1623



� 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 (for soil samples, <1X for water samples) the required/target detection limits no precision 
infraction occurred. 

Laboratory Duplicate Samples
 
All laboratory duplicate results were acceptable.  It should be noted that for SDG 20090574, 
ammonium batch 15819, a laboratory duplicate was not analyzed.  The laboratory case narrative 
addressed this and stated that the client requirement of one duplicate per core hole was met.  No 
sample data was qualified as a result. 
 
Field Duplicate Samples
 
All field duplicate results were acceptable. 
 
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 with associated non-detected sample results were below the CRDLs 
[or Target Detection Limits (TDLs) when CRDLs were not provided in the SAP] with the 
following exceptions. 
 
For all soil samples, the cyanide MDLs were > the TDL. 
For samples B211W6, B211W9 and B21205 the sulfide MDLs were > the TDL. 
 
� Completeness 
 
SDGs 20090573, 20090574 and 20090607 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%. 
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MAJOR DEFICIENCIES
 
None found. 
 
MINOR DEFICIENCIES
 
Minor deficiencies leading to qualification of results as estimates were due to holding time 
infractions, laboratory blank infractions, and matrix spike recovery infractions.  See the table in 
Appendix 2 for a listing of all affected sample results. 
 
The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  
The lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all 
results are simply switched. 
 
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 
SDGs 20090573, 

20090574 & 20090607 
Reviewer: 

AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

Cyanide UJ 

B20XX5, B211W3, 
B211W6, B211W9, 
B211X2, B215L0, 
B215L1, B211Y3, 
B211Y6, B211Y9 

Low MS recoveries 

Ammonium 
Sulfide UJ B1YY17 

Analysis beyond the holding 
times but within 2X the 

holding times 

pH J 

B1YY17, B20XW6, 
B20XW9, B20XX2, 
B20XX5, B211W3, 
B211W6, B211W9, 
B211X2, B215K8, 
B215K9, B211Y3, 
B211Y6, B211Y9, 
B21202, B21205*, 
B21207*, B21208, 
B21211, B21214, 
B215L0, B215L1 

Analysis beyond the holding 
time 

Nitrite UJ B20XX5, B211W3 Laboratory blank 
contamination 

Formate UJ 
B21202, B21205, 
B21208, B21211, 

B21214 

Laboratory blank 
contamination 

 
Comments: 
*The COCs specify the full analysis suite for sample B21207, and VOA only for sample 
B21205.  The lab reported the full analysis suite for B21205, and VOA for B21207.  It is 
assumed that all results are simply switched. 
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222-S LABORATORY 

FINAL ANALYTICAL REPORT FOR SAMPLES FROM WASTE MANAGEMENT 
AREA C FOR CORE HOLES: C7466 AND C7468 

IN SUPPORT OF RCRA SOIL CHARACTERIZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between July 30th and August 17th, 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 other 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 Reports 
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 SAMPLE RECEIPT 
A total of 20 core intervals from two core holes along with one equipment blank and nine trip 
blanks were received by 222-S beginning July 30th  and ending August 17th, 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 the following samples: 
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� C7466 – I-004 all samples 
� Trip Blank-2 
� Equipment Blank 

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.  

2.2 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. Two core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The surface samples were received as a 
set of VOA samples and two 500 mL jars. The liner samples from each core interval were 
extruded, described, and composited by the Washington River Protection Solutions, Inc. (WRPS) 
geologist. The surface samples were also described. 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. 

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 
results from gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic 
compounds (SVOC) and volatile organic compounds are 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 (MDA) for radionuclides. 

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

“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. 
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“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 Attachments 1 and 4 contain 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. 

“E” indicates that the result was above the calibration range. 

“J” indicates that the reported result should be considered an estimate This flag was used 
in this report to denote: 

� Results below the quantitation limit, but above the MDL.  
� Results above MDA, but with a counting uncertainty greater than 30%. 
� Results are estimated values.  

 “N” indicates a TIC which has been named. 

 “T” indicates a TIC. 

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

“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 percent difference (%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. 

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 
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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 and the 
equipment blank. All analyses met the SW846 holding time of 14 days. 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. 

Batches 15506 and 15820: There were no notable issues with these batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15890: The MS failed low at 70% and the sample results have been flagged with a “b”. 
This MS was originally analyzed in batch 15891 with a low recovery of 74%. Since the MS was 
distilled and analyzed twice with similar results the laboratory did not believe additional 
reanalysis was necessary.  

Batch 15891: The MS originally contained in this batch was recovered low at 74% and was 
prepared and reanalyzed with all samples except S09V000957 in batch 15890. The MS was 
recovered low at 70% in the reanalysis. In order to include sample S09V000957, all samples 
were reported from the original analysis and flagged with a “b”. The MS was reported in batch 
15890. Since the client only required one MS per core hole (see Attachment 5), this project QC 
requirement was met.
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3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples and the 
equipment blank. All analyses met the SW846 holding time of 7 days except for the equipment 
blank by one day. There was no required reporting limit in the SAP for sulfide. The target 
detection limit was 5 �g/g. The sample results had adjusted MDLs of 6.3 to 7.4 �g/g.

Batches 15367, 15480, 15484, 15668, and 15753: There were no notable issues with these 
batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15752: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 33%. 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 and the equipment blank. 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 for the soils were taken 
immediately after the water leach was performed, but the sampling to analysis date varied from 1 
to 16 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 had no apparent effect on the results. However, the client’s expectation was that 
analysis would be performed within 14 days. Only 3 samples were analyzed outside of 14 days.  
Due to an oversight error by the laboratory’s analytical staff, the pH for the equipment blank was 
analyzed 31 days after sampling. Since this analysis has little or no significance and was only 
performed in order to meet a requirement in DOE/RL-96-68, the overall data quality for the 
project was not affected. 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 and 
the equipment blank. All results met the QC requirements in the FSAP, SAP, and QAPP. All 
analyses met the holding time of 28 days. 

This analysis met the target detection limits. The required detection limit of 0.01�g/g was not 
met for these samples. The detection limits vary from 0.018 �g/g to 0.048 �g/g. This was caused 
by using too small of an aliquot, and apparently was an oversight error by the laboratories 
analytical staff. The final batch report was not reviewed in time by the project manager for the 
samples to be reanalyzed within the holding time. The lowest risk-driven reporting limit 
requirement in Table 5-3 of the SAP was 0.1 �g/g, which was met. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for ammonium was performed using a distillation preparation of the liner composite 
samples and the equipment blank. The SAP lists an administrative holding time of 7 days. The 
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laboratory believes that after distillation and preservation, the appropriateholding time 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. Three samples were analyzed 
outside of the administrative 7-day holding time: B20XX5 (S09V001022), B211W3 
(S09V001023), and B211W6 (S09V001024). One sample B1YY17 (S09V000932), was 
analyzed outside of the EPA 28 day holding time. These missed holding times were 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 15684, 15714, and 16081: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15429: The duplicate RPD exceeded the required 30%. Since the results for these analytes 
were below the quantitation limit, the criterion does not apply. 

Batch 15819: The spike and duplicate for this batch was reported in batch 15429. This met the 
client requirement of one spike and one duplicate per core hole (See Attachment 5). 

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 and a direct aliquot the equipment blank. 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 practices 
were developed for the analysis of concentrated waste, which typically does not include the use 
of predigestion spikes for this analysis. The laboratory will change to predigestion spike for 
future Vadose Projects. 

In general, these samples experienced high RPDs in most batches, but only fluoride exceeded 
30% with a result above the quantitation limit. Most samples were reanalyzed with little or no 
improvement. Other analyses also experienced high RPDs. The exact cause of the RPD failures 
is unknown at this time, but it is the laboratory’s opinion that it is matrix related. The “c” flag 
has been applied to the fluoride results for all samples in the batch, not just the sample used for 
the duplicate analysis. 

Only bromide and fluoride had required detection limits and these were met. All target detection 
limits were met. 

Batch15462: Results met all quality control requirements. 

Batch 16804: The RPD for acetate, formate, nitrite, and phosphate exceeded the required 30%. 
Since the results for these analytes were below the quantitation limit, the criterion does not 
apply. The RPD for fluoride also exceeded the 30% requirement in the SAP and the result was 
above the quantitation limit. All sample results for fluoride have been flagged with a “c.” The 
preparation blank results for formate, nitrite, sulfate, and nitrate were above the MDL but less 
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than the quantitation limit. Therefore, the data quality was not affected and reanalysis was not 
required. Sample results were “B” flagged if the blank result exceed 5% of the sample result. 

Batch16818: The RPD for acetate, formate, nitrite, sulfate, and nitrate exceeded the required 
30%. Since the result for these analytes were below the quantitation limit, the criterion does not 
apply.

Batch 17017: This analytical batch contained two preparation batches. Formate was present in 
the second preparation blank at levels below the quantitation limit; therefore, reanalysis was not 
required. Sample results have been flagged with a “B” when appropriate.  The RPD for sulfate 
and oxalate in the first preparation batch exceeded the required 30% in the SAP. Since the results 
for sulfate and oxalate were below the quantitation limit, the criterion does not apply.  The RPD 
for fluoride also exceeded the 30% requirement and the results were all above the quantitation 
limit. Therefore, all sample results for fluoride in this preparation batch have been flagged with a 
“c”. 

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectrometry 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples and a direct aliquot the equipment blank. 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 silicon experienced LCS failures and that reanalysis was not 
required for this secondary element. In particular, the digestion method used, which was an acid 
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. 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.  

Batch 16815: The initial low level standard (LLS) recovery for lanthanum failed low at 50%. 
This indicates that results near the LLS could be biased low and have been flagged with “J” to 
indicate these results are estimated. Lanthanum is a secondary analyte. The LCS for silicon was 
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recovered low at 51% and the results have been flagged with an “a”. This could indicate that 
results are biased low. Please see previous discussion concerning silicon. Since silicon is a 
secondary analyte, reanalysis was not required. Calcium and zinc were detected in the 
preparation blank below the quantitation limit and at less than 5% of the lowest sample result. 
Therefore, reanalysis was not required. The RPD for sulfur exceed the 30% requirement in the 
FSAP at 78% and a “c” flag has been applied to all results in the batch. Since sulfur is a 
secondary analyte, reanalysis is not required.  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 
recoveries for potassium, magnesium, and sodium exceeded the ±25% criterion in the SAP and 
FSAP. The associated sample results have been flagged with a “b.”  Since these are secondary 
analytes reanalysis was not required. The serial dilution results for manganese, silicon and 
titanium exceeded the QAPP requirement of 10% at  15%, 14%, and 11%, respectively. The 
laboratory believes this is due to matrix interference and/or sample inhomogeneity.  

Batch 16819: The LCS for silicon was recovered low at 77% and the results have been flagged 
with an “a”. This could indicate that results are biased low. Please see previous discussion 
concerning silicon. The preparation blank contained silicon and calcium below the quantitation 
limit and less than 5% of the lowest sample result.  Therefore, reanalysis was not required.  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 and silicon 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 22%. The laboratory 
believes this was due to an issue with the standard. Since tantalum is not a required analyte, 
reanalysis was not required. The sample result has been flagged with a “b”. The serial dilution 
results for silicon and sodium exceeded the QAPP requirement of 10% at 11% and 21%, 
respectively. The laboratory believes this is due to matrix interference and/or sample 
inhomogeneity. The closing LLS recovery for lanthanum was slightly above the 130% 
requirement in the analytical method at 136%.  Since the lanthanum results were well above the 
LLS, the laboratory does not believe the data quality is affected.  The RPD for tungsten exceeded 
the ±30% required by the FSAP and SAP. However, since the result was below the quantitation 
limit the criteria does not apply. The RPD for silicon exceeded the ± 30% requirement in the 
SAP and FSAP. Please see previous discussion concerning silicon. Since silicon is a secondary 
analyte, reanalysis was not required. 

Batch 16820: The ending LLS for lanthanum exceeded the ±30% requirement in the QAPP at 
136%. The lowest sample result has been flagged with a “J” indicating it could be biased high. 
The remainder of the sample results were well above the LLS level and were not flagged as 
estimated. The LSC was recovered low at 72% for silicon. The sample results have been flagged 
with an “a”. The MS for titanium, potassium, and silicon failed high. The results have been 
flagged with a “b” (please see previous discussion concerning silicon). Since these are  
secondary analytes, reanalysis was not required. The RPDs for cerium, copper, potassium, 
lithium, and sodium,  exceed the 30%, but the results were below the quantification limit; 
therefore, the criterion does not apply. The RPDs for chromium, lanthanum, neodymium, 
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titanium, yttrium, barium, zirconium, and magnesium exceeded the 30% requirement in the 
FSAP.  All associated results have been flagged with  a “c”.  As discussed above the laboratory 
believes these high RPDs were caused by matrix interference and/or sample inhomogeneity. 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 serial dilution for calcium exceed the ±10% requirement 
for calcium at 11% and silicon at 13%. Therefore, the calcium and silicon results have been 
flagged with an “e”. The laboratory believes this was caused by matrix interference. 

Batch 16892: There were no notable issues with this batch, and all QC requirements in the 
FSAP, SAP, and the QAPP were met. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy 

The ICP/MS actinide and trace metal analyses were performed on the SW846-3050 acid 
digestion of all liner composite samples and on a direct aliquot of the equipment blank. The 
ICP/MS 126Sn and 99Tc analysis was performed using the same digest, without the addition of the 
hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis because of the potential 
isobaric interference. 

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; however, standard 
material is not available for all the isotopes of interest.  Concentrations of those isotopes without 
available standards are estimated based on the instrument’s mass-response curve, which is 
generated by using the intensity/concentration relationship for the available isotope standards.
Results estimated in this manner are designated “semi-quantitative.”  

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 
analyzed within the holding time. However, due to an oversight, one sample, the equipment 
blank, was not analyzed within the holding time listed in the FSAP. This analysis exceeded the 
180 day holding time by 10 days. Since there is no evidence that 99Tc results would change over 
time when stored and acidified, the laboratory does not believe this exceedance affected the final 
results. In fact, the 99Tc standards used for this analysis are stored in the same way and have a 
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one year shelf life based on laboratory procedure. The manufacturer does not list an expiration 
date for these standards.

Batches 16761 and 17846: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16735: The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. 

Batch 17060: The ICB and CCB blanks contained 126Sn below the quantification level. Since 
126Sn was not detected in the samples, the data quality was not affected and reanalysis was not 
required. The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. The RPD for 99Tc was greater than 30%, but the 
result was below the quantitation level; therefore, the criterion does not apply. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes. The FSAP lists the holding 
time for isotopic analytes as 6 months. All samples were analyzed within the holding time. 

Batch 16721: The preparation blank contained 238U and 232Th above the quantitation level but 
less than 5% of the lowest sample results, therefore no “B” flags were applied and reanalysis was 
not required. The preparation blank contained 235U below the quantitation level and less than 5% 
of the lowest sample result, therefore no “B” flags were applied and reanalysis was not required. 
The RPD for 234U exceeded the 30% requirement in the SAP. However, since the result was 
below the quantitation level, this criterion does not apply. 

Batch 16791: The ICB result for 232Th was below the quantitation limit and the sample result 
was below the MDL; therefore, reanalysis was not required. 

Batch 16797: 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 first CCB contained 236U below the quantitation limit, which had no effect 
on the data quality, since the sample results were below the MDL. The RPD for 234U exceeded 
the 30% requirement at 51%; since the sample result was below the quantitation limit, this 
criterion does not apply. The RPDs for 232Th, 235U and 238U exceeded the 30% requirement in the 
SAP at 43%, 38%, and 34%, respectively. These results were reported from a re-preparation and 
reanalysis due to similar recoveries in the initial analysis. The second analysis used a larger 
sample aliquot size but there was still no improvement. Based on this, the laboratory believes the 
high RPDs are a result of sample inhomogeneity and additional reanalysis is would not provide 
improved results. All associated results have been flagged with a “c”.  

Batch 16918: The preparation blank result for 232Th was below the quantitation limit and less 
than 5% of the sample results; therefore, reanalysis was not required and the data quality was not 
affected. The RPD for 233U exceeded the 30% requirement in the SAP. Since the result was 
below the quantitation level, this criterion does not apply. 
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Batch 17028: The CCB result for 237Np was below the quantitation limit and all sample results 
were below the MDL, therefore, reanalysis was not required. 

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 and 
target detection limits 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. Ten of the twenty sample results for selenium were above the 
target detection limit due to matrix interference. The SW846 holding time for metal analysis is 6 
months. All samples were analyzed within this holding time. 

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. The laboratory plans to use the required 
interference check standard for future projects. 

Batch 16972: 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. The duplicate RPD for thallium exceeded the 30% requirement at 
53%. Since the sample result was below the quantitation level, this criterion does not apply. 

Batch 16991: The preparation blank and two CCB results for nickel were above the MDL but 
less than the quantitation limit. Since the blank result was less than 5% of all sample results, 
reanalysis was not required. 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 
MS for selenium failed high at 135%. Since all selenium results were below the MDL, there was 
no effect on the data quality. The initial LLS for selenium was recovered at 270% and closing 
LLS for selenium was recovered at 68%. Since selenium was not detected in any of the samples, 
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. 

Batch 17076: The preparation blank results for silver and thallium were above the MDL but less 
than the quantitation limit. Since the blank results were 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 17146: The preparation blank result for selenium was above the MDL but less than the 
quantitation limit. However, since all sample results were below the MDL, the data quality was 
not affected. The duplicate RPD for lead exceeded the 30% requirement at 34%. Based on 
repeated RPD failures in other batches, the laboratory believes this high RPD was a result of 

Page 1083 of 1623



sample inhomogeneity and additional reanalysis was unnecessary. This was discussed with and 
accepted by the client (see Attachment 5). 

Batch 17235: The duplicate RPD for silver exceeded the 30% requirement at 44%. Since the 
sample result was below the quantitation level, this criterion does not apply. 

Batch 17286:The initial LLS for selenium was recovered at 33% and closing LLS for selenium 
was recovered at 16%. Since there was no instrument signal for selenium, even at a level below 
the MDL, the data quality was not affected.  Due to matrix interference the detection limit for 
this batch for selenium was 10 times that of the other batches. 

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. With the 
exception of 129I analysis, tracers and spikes are added after the digestion. Historically the 222-S 
Laboratory has predominantly analyzed  samples with high levels of radioactive isotopes. 
Adding enough tracer or spike to be detectable in these types of samples would increase the dose 
exposure for analytical personnel and be prohibitively expensive. Plans are in place to change 
this practice for environmental level samples and future Vadose Project samples will use 
predigestion spikes and tracers. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples and the equipment blank. 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 15411, 15679, 15680, and 16407: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15709: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the FSAP and SAP only requires one field duplicate per core hole (see Attachment 5). 
Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-89/90

Strontium-89/90 analysis was performed on a strong acid digest of all liner composite samples 
and a direct aliquot of the equipment blank. Twelve of the sample analyses met the required 
detection limit of 2.3 pCi/g listed in the FSAP. The remaining eight samples achieved a detection 
limit between 2.3 pCi/g and 4.1 pCi/g. No detection limit exceeded the lowest action limit of 23 
pCi/g in Table 5.2 of the SAP. No sample results met the target detection limit. 

Batches 16654, and 16666: There were no notable QC issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16490: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting uncertainty of 108%. All samples were below the MDA and the data 
quality was not affected. Therefore reanalysis was not required. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of the equipment blank. This method only measured the tritium that 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 and a 
direct aliquot of the equipment blank. The analysis achieved the target detection limit in the 
FSAP. No required detection limit was listed. No standard is currently available for 79Se. A 
calibration curve was developed using 14C, which has a similar beta energy profile. Additionally, 
a cold carrier is used to monitor recovery and is measured gravimetrically. These results should 
be considered semi-quantitative. There were no notable issues with any of the 79Se batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of equipment blank. 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. The analysis achieved the required detection limit in the FSAP but exceeded the target 
detection limit of 1 pCi/g. Most samples had detection limits of between 50 pCi/g and 80 pCi/g. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples and a 
direct aliquot of the field blank. The analysis achieved the required detection limit in the FSAP 
but exceeded the target detection limit of 30 pCi/g. The samples had detection limits of between 
50 pCi/g and 75 pCi/g.

Batches 16394, 16671, and 16767: There were no notable issues with these 63Ni batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16455: The preparation blank had a positive result slightly above the MDA with a 
counting uncertainty of 134%. The sample result was below the MDA, therefore reanalysis was 
not required. 
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3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite samples 
and the a direct aliquot of equipment blank. The required and target detection limits in the SAP 
were met. There were no notable issues with these batches, and all QC requirements were met. 

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 and a direct aliquot of the equipment blank. 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. 

3.3.9 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 and a direct aliquot of  the equipment blank. 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 and its associated methanol blank were 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. Nine liquid trip blank samples 
and one equipment blank 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 met the required holding time except for 
soil samples B21207 (S09V0001120), and B21210 (S09V0001121). These samples were 
analyzed one day outside the holding due to internal standard and surrogate failures on the initial 
analysis, which was within the holding time. The laboratory believes that the effect of the 
holding time exceedance on sample results is minimal. A study by the Department of Energy and 
others have 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: 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. These detection limit exceedances 
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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 standards 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. 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 laboratory also 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging.

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 based 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 
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. 

Hexane was present in all core samples and three trip blanks. None of the method blanks or the 
equipment blank contained hexane above the MDL. Sixteen of the core samples contain hexane 
above the quantitation limit and 3 samples were more than 10 times the quantitation limit. None 
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of the trip blanks contained hexane above the quantitation. This would indicate that soil 
contamination is a likely source of the hexane. However, since hexane was used in the sampler 
cleaning process, this cannot be ruled out as the source. 

Methylene chloride was present in all trip blanks, the equipment blank and eight core samples. 
Eleven samples contained methylene chloride above the quantitation limit. Only one core sample 
contained methylene chloride above the quantitation limit. The method blank associated with this 
sample contained methylene chloride above the quantitation limit and was actually higher than 
the sample. The trip blank levels for methylene chloride were quite high (up to 100 times the 
quantitation limit), but the associated method blanks were below the quantitation limit and one 
was below the MDL. This indicates that the methylene chloride found in the trip blanks and 
equipment blank is contamination from the water used to make these blanks. The lower results 
for methylene chloride in the core samples and method blanks appear to be laboratory 
contamination.  

Styrene was detected in eight core samples below the quantitation limit. Styrene was not detected 
in any blanks. At this low concentration, the styrene could represent soil contamination or 
possibly a natural plant product. 

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 in Appendix B.

Batches 15470 and 16176: Other than the issues addressed in the preceding paragraphs, all QC 
requirements in the SAP, FSAP, and ATL-MP-1011 were met for these batches.

Batch 16172: Methylene chloride was detected in the method blank at a concentration above its 
MDL but below the quantitation limit. Methylene chloride was detected in all samples in this 
batch above the quantitation limit. However, the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples. 
Therefore, the samples were “B”-flagged. Since the concentration of methylene chloride was less 
than the quantitation limit, reanalysis was not required. Toluene was also detected in the method 
blank and the samples at concentrations above the MDL but below the quantitation limit. The 
samples were “B”-flagged, because the concentration of toluene in the blank was greater than 
5% of concentration of toluene in the samples. Since the concentration of toluene in the samples 
and blank were below the quantitation limit, reanalysis was not required. All samples in this 
batch were blanks. 

Batch 16177: The method blank contained methylene chloride at a concentration above the 
MDL but below the quantitation limit . Methylene chloride was detected below the quantitation 
limit in all samples in this batch except one. Since the blank result was more that 5% of the 
sample results above the MDL, these results have been flagged with a “B”. Since all results were 
below the quantitation limit, reanalysis was not required. 

Batch 16178: Methylene chloride was detected in the method blank at concentrations above the 
MDL, but below the quantitation limit. Since the concentrations of methylene chloride in the 
samples were below the MDL, reanalysis was not required. An MS/MSD pair was not included 
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in this analytical batch. The MS/MSD for this core (C7466) was contained in batch 15470. This 
meets the requirements in the SAP and FSAP of one MS/MSD per core hole. (see Attachment 5). 

Batch 16179: All samples in this batch were trip blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL but below the quantitation limit. Methylene 
chloride was detected in all samples in this batch above the quantitation limit. However, the 
concentration of methylene chloride in the blank was greater than 5% of the concentration of 
methylene chloride detected in the one of the samples. Therefore, this sample was flagged with a 
“B”. Since the concentration of methylene chloride was less than the quantitation limit, 
reanalysis was not required. Acetone was also detected in the instrument blank above the MDL 
but below the quantitation limit. The samples did not contain acetone above the MDL, therefore 
reanalysis was not required. In one sample, the concentration of methylene chloride exceeded the 
highest calibration point by 300%. Due to instrument failure the laboratory was unable to 
reanalyze this sample within the holding time. Since the sample was a trip blank, and high 
concentration of methylene chloride only demonstrated another example of contamination of 
make-up water for the blanks, additional analyses outside the holding time were not performed. 
The sample result has been flagged with an “E”.   

Batch 16180: All samples in this batch were blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL and slightly below the quantitation limit. 
Methylene chloride was detected in all samples in this batch above the quantitation limit. 
However, the concentration of methylene chloride in the blank was greater than 5% of the 
concentration of methylene chloride detected in the samples. Therefore, the samples were “B” 
flagged. Since the concentration of methylene chloride in the blank was less than the quantitation 
limit, reanalysis was not required. Toluene was also detected in the method blank and the 
samples at concentrations above the MDL, but below the quantitation limit. The samples were 
“B” flagged, since the concentration of toluene in the blank is greater than 5% of concentration 
of toluene in the samples. Since the concentration of toluene in the samples and blank were 
below the quantitation limit, reanalysis was not required. In the MS, acetone was recovered 
below the ±30% required in the SAP at 63%. All sample results for acetone have been flagged 
with “b”. All sample results for acetone were below the MDL. 

Batch 16181: An MS/MSD pair was not included in this analytical batch. The MS/MSDs for this 
core (C7468) were contained in batches 16177 and 16182. This meets the requirements in the 
SAP and FSAP of one MS/MSD per core hole (see Attachment 5). The %D for 
trans-1,2-dichloroethene was 24%. The result for this compound was below the expected value. 
Results above the MDL could be biased low. However, the sample result was below the MDL. 
The average %D for the CCV was 5.8%, which meets QAPP requirements.  

Batch 16182: Methylene chloride was detected in the method blank at a concentration above its 
MDL and slightly below the quantitation limit. Methylene chloride was detected in all samples at 
approximately the same level as the blank. Since the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples, 
the samples were “B” flagged. Since the concentration of methylene chloride in the method 
blank was less than the quantitation limit, reanalysis was not required. The MS recoveries for 
acetone, MIBK, and 2-butanone were above ±30% required in the SAP at 142%, 142%, and 
135%, respectively. All sample results for these compounds were below the MDL; therefore, the 
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data quality was not affected and reanalysis was not required. All results for these compounds 
have been flagged with “b”.

Batch 16183: Acetone was detected in the blank at a concentration level above the MDL but 
below the quantitation limit. Since the sample result for acetone was below the MDL, reanalysis 
was not required. The MS/MSD RPD for acetone exceeded the 30% requirement in the SAP at 
50%. Since acetone was not detected in the sample, reanalysis was not performed. Acetone has 
been flagged with a “c”. Methylene Chloride was detected in the sample at a concentration that 
exceeded the upper calibration point and the result was “E”-flagged.  The laboratory performed 
an additional run of the sample at a 1:9 dilution to bring the result within the calibration range. 
However, the second analysis required a new vial, and the result was only a quarter of the 
original result. The result of the first analysis was recorded with a “J” flag, and the data from the 
rerun is included as supporting data. This result should be considered estimated. The cause for 
the large variation in the concentration of methylene chloride between the two vials is not clear. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples and the equipment blank. 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 B1YY17 (S09V000928), 
the equipment blank. This was caused by failure to assign the preparation test during sample 
log-in.

Ten of the twenty soil samples contained bis (2-ethylhexyl) phthalate. This compound was also 
detected in the equipment blank, but was not above the MDL in the method blanks. Additionally, 
low levels of butylbenzylphthalate were detected in two samples, but was not present in the 
method blanks or equipment blank. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination also could 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. In this case the equipment blank result for bis (2-ethylhexyl) phthalate was only 1.05 
times the MDL and two of the samples were approximately five times the MDL and one was 12 
times the MDL. This would indicate, that for at least these three sample, the source for the 
bis (2-ethylhexyl) phthalate was not the sampling device. 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. 

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

� The adjusted MDLs for cyclohexanone were above the 0.5 mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.51 mg/kg an 0.56 
mg/kg.
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� 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 0.51 mg/kg and 
0.56 mg/kg for this compound. 

The 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. 

Batch 15813 and 16154: There were no notable issues with this batch, and all QC requirements 
in the FSAP, SAP, and the QAPP were met.  

Batch 15818: All QC requirements were met. However, large cyclohexane, 
methyl cyclopentane, and hexane peaks were detected and tentatively indentified during the 
analysis of the samples. The laboratory believes that these compounds were present in the 
methylene chloride used for the extraction and are therefore not reported as TICs. 

Batch 16153: On the second analysis the surrogate 2-fluorobiphenyl was recovered below the 
laboratory’s administrative limits of 50% to 150% at 49% in the equipment blank sample. Since 
only 6 compounds were reported from this analysis, and none are generally associated with this 
surrogate, the laboratory believes that there was little or no affect on the overall data quality. 

Batch 16157: On the second analysis, the surrogate terphenyl-d14- was recovered below the 
SPC limits of 71%-175% at 70% in the method blank. This is only slightly low and should not 
affect the results, which were all below the MDL for the method blank. 

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 each TIC was calculated using measured response factors from the 
Hanford library compound list. 

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 both the field 
samples and 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. 
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Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

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

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

Cyanide (liquid) LA-695-102, Rev. L-0 
(SW-846 9010C) 

LA-695-102, Rev. L-0 
(SW-846 9014) 

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

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

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

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

pH (liquid) Direct LA-212-106, Rev. H-0 
(SW-846 9040C) 

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. P-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. 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-365-132, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA (solid) LA-378-105, Rev. C-0 LA-378-105, Rev. C-0 
129I – Separation/GEA (liquid) LA-378-103, Rev. K-0 LA-378-103, Rev. K-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, 
(SW-846 8260B) 

SVOC – GC/MS (solid) LA-523-138, Rev. F-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 

SVOC – GC/MS (liquid) LA-523-115, Rev. G-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 
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WMA C VSR10-021
7-15-2010222-S Laboratory

20090573, 20090574 & 20090607

X

Carl Schloesslin

Total CN SulfideX X
XX

20090573: Water sample B1YY17 
20090574: Soil samples B20XW6, B20XW9, B20XX2, B20XX5, B211W3, B211W5, B211W6, B211W9, B211X2, 
B215K8, B215K9 
20090607: Soil samples B211Y3, B211Y6, B211Y9, B21202, B21205*, B21207*, B21208, B21211, B21214, 
B215L0, B215L1 
  
*See Completeness section below

The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  The 
lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all results 
are simply switched.



�������		
��
�


�������
��������$
����
����������
����������



 ���	


!'
 ������
�������
�?
�?
�?
���
� 


	�
-+4
�
)*()<8
7(01306(4
130
-..
-77.,)-=.(
-+-.@8(89
#�(/(.8

"
�$ ��������������������������������������������(8


�3


���


	�
-+4
�
0(85.28
-))(72-=.(9
#�(/(.8

"
�$ ��������������������������������������������������������������������������������������(8


�3


���


�-=30-230@
=.-+<8
-+-.@A(49 ��������������������������������������������������������������������������������������������������������������������(8


�3


���


�-=30-230@
=.-+<
0(85.28
-))(72-=.(9��������������������������������������������������������������������������������������������������������(8


�3


���


�,(.4
=.-+<8
-+-.@A(49
#�(/(.8
"

"
�$ ��������������������������������������������������������������������������������������������������(8


�3


���


�,(.4
=.-+<
0(85.28
-))(72-=.(9
#�(/(.8
"

"
�$ ��������������������������������������������������������������������������������������(8


�3


���


�0-+8)0,72,3+�)-.)5.-2,3+
(003089
#�(/(.8

"
�$����������������������������������������������������������������������������������������(8


�3


���


366(+28�
 



 



 



 



 





#'
 ���:���$
�������
�?
�?
���
� 


�7,<(
8-67.(8
-+-.@A(49 ��������������������������������������������������������������������������������������������������������������������������(8


�3


���


�7,<(
0()3/(0,(8
-))(72-=.(9 ��������������������������������������������������������������������������������������������������������������������(8


�3


���


�,<(
82-+4-048
�	��
20-)(-=.(9
#�(/(.8

"
�$������������������������������������������������������������������������������������������(8


�3


���


�7,<(
82-+4-048
(>7,0(49
#�(/(.8

"
�$ ����������������������������������������������������������������������������������������������������(8


�3


���


������
8-67.(8
-+-.@A(49 ��������������������������������������������������������������������������������������������������������������������(8


�3


���


������
0(85.28
-))(72-=.(9��������������������������������������������������������������������������������������������������������������������(8


�3


���


�2-+4-048
20-)(-=.(9
#�(/(.8

"
�$�����������������������������������������������������������������������������������������������������������(8


�3


���


�2-+4-048
(>7,0(49
#�(/(.8

"
�$ �������������������������������������������������������������������������������������������������������������(8


�3


���


�0-+8)0,72,3+�)-.)5.-2,3+
(003089
#�(/(.8

"
�$����������������������������������������������������������������������������������������(8


�3


���


�(01306-+)(
-54,2
8-67.(#8$
-+-.@A(49 ���������������������������������������������������������������������������������������������������(8


�3


���


�(01306-+)(
-54,2
8-67.(
0(85.28
-))(72-=.(9������������������������������������������������������������������������������������������(8


�3


���


366(+28�
 



 



 



 



 


Page 1208 of 1623

SDG 20090573, batch 16081 MB detection: ammonium 0.051 ug/mL 
SDG 20090574, batch 16804 MB detections: nitrite 0.73 ug/g,  nitrate 0.57 ug/g, sulfate 0.37 ug/g 
SDG 20090607, batch 17017 MB2 detection: formate 0.27 ug/g 
 
Equipment blank B1YY17 detections: chloride 0.32 ug/mL, formate 0.023 ug/mL, nitrate 0.044 ug/mL

SDG 20090607, batch 15890: cyanide MS %R = 70% 
SDG 20090574, batch 15891: cyanide MS %R = 74% (as discussed in lab narrative) 
   
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. 



�������		
��
�


�������
��������$
����
����������
����������



 ����


B'
 ���������
�������
�?
�?
���
� 



57.,)-2(
��

/-.5(8
-))(72-=.(9 �����������������������������������������������������������������������������������������������������������(8


�3


���



57.,)-2(
0(85.28
-))(72-=.(9��������������������������������������������������������������������������������������������������������������������(8


�3


���


�����

82-+4-048
�	��
20-)(-=.(9
#�(/(.8

"
�$ ���������������������������������������������������������������������������������(8


�3


���


�����

82-+4-048
(>7,0(49
#�(/(.8

"
�$ ���������������������������������������������������������������������������������������������(8


�3


���


�,(.4
457.,)-2(
��

/-.5(8
-))(72-=.(9 ���������������������������������������������������������������������������������������������������(8


�3


���


�,(.4
87.,2
��

/-.5(8
-))(72-=.(9�����������������������������������������������������������������������������������������������������������(8


�3


���


�0-+8)0,72,3+�)-.)5.-2,3+
(003089
#�(/(.8

"
�$����������������������������������������������������������������������������������������(8


�3


���


366(+28�
 



 



 



 



 





%'
 �������
�����
����
������ 


�-67.(8
7037(0.@
70(8(0/(49 ��������������������������������������������������������������������������������������������������������������������(8


�3


���


�-67.(
*3.4,+;
2,6(8
-))(72-=.(9 ������������������������������������������������������������������������������������������������������������(8


�3


���


366(+28�
 



 



 



 



 



 



 


Page 1209 of 1623

None

Sample B1YY17 analyzed for sulfide 8 days after collection (HT = 14 days) 
 
Sample B1YY17 analyzed for ammonium 36 days after collection (HT = 28 days) 
 
All samples analyzed for pH >24 hours after collection (HT = ASAP) 



�������		
��
�


�������
��������$
����
����������
����������



 ���*


''
 ���:��
C:����������
���
���������
������
����
������ 


�(85.28
0(7302(4
130
-..
0(D5(82(4
-+-.@8(89 ���������������������������������������������������������������������������������������������(8


�3


���


�(85.28
8577302(4
,+
2*(
0-E
4-2-9
#�(/(.8

"
�$ �������������������������������������������������������������������������������������(8


�3


���


�-67.(8
7037(0.@
70(7-0(49
#�(/(.8

"
�$ �����������������������������������������������������������������������������������������������(8


�3


���



(2()2,3+
.,6,28
6((2
�
�9 ���������������������������������������������������������������������������������������������������������������������(8


�3


���


�0-+8)0,72,3+�)-.)5.-2,3+
(003089
#�(/(.8

"
�$����������������������������������������������������������������������������������������(8


�3


���


366(+28�
 



 



 



 



 



 



 



 



 


Page 1210 of 1623

MDLs > CRDLs [or Target Detection Limits (TDLs) when CRDLs not provided in the SAP] for non-detected 
sample results.  All values are in ug/g. 
 
All soil samples - cyanide MDLs ranged from 4.3 to 5.6 (TDL = 0.5) 
 
B211W6 sulfide MDL = 7.2 (TDL = 5) 
B211W9 sulfide MDL = 7.1 (TDL = 5) 
B21205 sulfide MDL = 7.1 (TDL = 5) 
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Date:  15 July 2010 
To:  CH2M Hill (technical representative) 
From: Analytical Quality Associates, Inc. 
Project: WMA C 
Subject: Radiochemical - Sample Data Groups (SDGs) 20090573, 20090574 and 20090607 
 
INTRODUCTION
 
This memorandum presents the results of data validation for SDGs 20090573, 20090574 and 
20090607 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 
B1YY17 8/03/2009 Water C See note 1 
B20XW6 7/30/2009 Soil C See note 1 
B20XW9 7/30/2009 Soil C See note 1 
B20XX2 7/30/2009 Soil C See note 1 
B20XX5 8/03/2009 Soil C See note 1 
B211W3 8/04/2009 Soil C See note 1 
B211W5 8/04/2009 Soil C See note 1 
B211W6 8/04/2009 Soil C See note 1 
B211W9 8/05/2009 Soil C See note 1 
B211X2 8/05/2009 Soil C See note 1 
B215K8 7/30/2009 Soil C See note 1 
B215K9 7/30/2009 Soil C See note 1 
B211Y3 8/11/2009 Soil C See note 1 
B211Y6 8/11/2009 Soil C See note 1 
B211Y9 8/11/2009 Soil C See note 1 
B21202 8/12/2009 Soil C See note 1 
B21205 8/13/2009 Soil C See note 1 
B21207 8/13/2009 Soil C See note 1 
B21208 8/13/2009 Soil C See note 1 
B21211 8/17/2009 Soil C See note 1 
B21214 8/17/2009 Soil C See note 1 
B215L0 8/10/2009 Soil C See note 1 
B215L1 8/10/2009 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 
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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.  Sample preservation for water samples for all analyses except tritium, C-
14 and I-129 requires acid preservation with nitric acid to pH <2.  There are no specific 
preservation requirements for radiochemical soil analysis.   
 
The samples were analyzed within the prescribed holding times and properly preserved. 
 
� 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 SDG 20090573, batch 16455, the Ni-63 laboratory blank result was > the MDC.  The Ni-63 
result for sample B1YY17 was a non-detect and should not be qualified as a result. 
 
For SDG 20090573, batch 16490, the Sr-90 laboratory blank result was > the MDC.  The Sr-90 
result for sample B1YY17 was a non-detect and should not be qualified as a result. 
 
Trip Blanks
 
No trip blanks were submitted for analysis. 
 
Field Blanks
 
No field blanks were submitted for analysis. 
 
Equipment Blanks
 
All equipment blank results were acceptable 
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� 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 analyses were not performed for all Se-79 batches.  Se-79 results for all samples 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. 
 
Carrier/Tracer Recovery Factors

All carrier/tracer recovery factors were acceptable with the following exceptions. 
 
For all batches, Ni, Se and Sr carriers, and Am-243 and Pu-236 tracers were added to the 
samples after acid digestion.  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. 
 
The nickel carrier recoveries for samples B211Y9 and B21208 were >105%.  The Ni-63 results 
for these samples were non-detects and should not be qualified as a result. 
 
� 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 <1X the required 
detection limits for waters, or differences <2X the required detection limits for soils, 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. 
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Laboratory Duplicate Samples
 
All laboratory duplicate results were acceptable. 
 
It should be noted that for SDG 20090607, gamma batch 15709, a laboratory duplicate was not 
analyzed.  The laboratory case narrative addressed this and stated that the FSAP and SAP only 
requires one duplicate per core hole.  No sample data was qualified as a result. 
 
It should also be noted that for SDG 20090574, Ni-63 batch 16767, a laboratory duplicate was 
not analyzed.  The laboratory stated on their data review check list that a duplicate was not 
necessary since the sample was a reanalysis.  Since the Ni-63 result for sample B211X2 was 
already qualified as an estimate for carrier addition after sample digestion no further 
qualification has been assigned. 
 
Field Duplicate Samples
 
All field duplicate results were acceptable. 
 
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) with the following exceptions. 
 
The Sr-90 MDCs for samples B20XW6, B211W3, B211W6, B211X2, B215L1, B211Y3, 
B211Y6 and B211Y9 were > the CRDL. 
 
� Completeness 
 
SDGs 20090573, 20090574 and 20090607 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 sample results as estimates were due to addition of 
carriers and tracers after sample digestion and lack of LCS analyses for Se-79.  See the table in 
Appendix 2 for a listing of all affected sample results. 
 
The COCs specify the full analysis suite for sample B211W3, and VOA only for sample 
B211W5.  The lab did not report gamma results for sample B211W3, and reported gamma 
results for sample B211W5.  It is assumed that the reported gamma results are actually for 
sample B211W3. 
  
The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  
The lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all 
results are simply switched. 
 
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 
SDGs 20090573, 

20090574 & 20090607 
Reviewer: 

AQA Project: WMA C Page 1 of 1 

Analyte(s) Qualifier Samples Affected Reason 

Sr-90 UJ 

B1YY17, B20XW6, B20XW9, 
B20XX2, B20XX5, B211W3, 
B211W6, B211W9, B211X2, 
B215K8, B211Y3, B211Y6, 
B211Y9, B21202, B21205*, 
B21207*, B21211, B21214, 

B215L0, B215L1 

Sr carrier added to 
samples after acid 

digestion 

Sr-90 J B215K9, B21208 
Sr carrier added to 
samples after acid 

digestion 

Se-79 UJ 

B1YY17, B20XW6, B20XX2,  
B211W9, B215K8, B215K9, 
B211Y3, B211Y6, B211Y9, 
B21202, B21205*, B21207*, 
B21208, B21211, B21214, 

B215L0, B215L1 

Se carrier added to 
samples after acid 

digestion and lack of 
LCS data 

Se-79 J B20XW9, B20XX5, B211W3, 
B211W6, B211X2 

Se carrier added to 
samples after acid 

digestion and lack of 
LCS data 

Ni-63 
Am-241 
Cm-242 

Cm-243/244 
Pu-238 

Pu-239/240 

UJ 

B1YY17, B20XW6, B20XW9, 
B20XX2, B20XX5, B211W3, 
B211W6, B211W9, B211X2, 
B215K8, B215K9, B211Y3, 
B211Y6, B211Y9, B21202, 

B21205*, B21207*, B21208, 
B21211, B21214, B215L0, 

B215L1 

Ni carrier, Am-243 
tracer, & Pu-236 tracer 
added to samples after 

acid digestion 

Comments: 
*The COCs specify the full analysis suite for sample B21207, and VOA only for sample 
B21205.  The lab reported the full analysis suite for B21205, and VOA for B21207.  It is 
assumed that all results are simply switched. 
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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: C7466 AND C7468 

IN SUPPORT OF RCRA SOIL CHARACTERIZATION 

1.0 INTRODUCTION

This final report presents the results for the samples taken from Waste Management Area C 
between July 30th and August 17th, 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 other 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 Reports 
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 SAMPLE RECEIPT 
A total of 20 core intervals from two core holes along with one equipment blank and nine trip 
blanks were received by 222-S beginning July 30th  and ending August 17th, 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 the following samples: 
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� C7466 – I-004 all samples 
� Trip Blank-2 
� Equipment Blank 

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.  

2.2 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. Two core intervals had less 
than full recovery (see Attachment 2 and Attachment 6). The surface samples were received as a 
set of VOA samples and two 500 mL jars. The liner samples from each core interval were 
extruded, described, and composited by the Washington River Protection Solutions, Inc. (WRPS) 
geologist. The surface samples were also described. 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. 

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 
results from gas chromatography-mass spectrometry (GC/MS) analysis of semivolatile organic 
compounds (SVOC) and volatile organic compounds are 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 (MDA) for radionuclides. 

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

“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. 
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“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 Attachments 1 and 4 contain 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. 

“E” indicates that the result was above the calibration range. 

“J” indicates that the reported result should be considered an estimate This flag was used 
in this report to denote: 

� Results below the quantitation limit, but above the MDL.  
� Results above MDA, but with a counting uncertainty greater than 30%. 
� Results are estimated values.  

 “N” indicates a TIC which has been named. 

 “T” indicates a TIC. 

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

“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 percent difference (%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. 

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 
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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 and the 
equipment blank. All analyses met the SW846 holding time of 14 days. 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. 

Batches 15506 and 15820: There were no notable issues with these batches and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15890: The MS failed low at 70% and the sample results have been flagged with a “b”. 
This MS was originally analyzed in batch 15891 with a low recovery of 74%. Since the MS was 
distilled and analyzed twice with similar results the laboratory did not believe additional 
reanalysis was necessary.  

Batch 15891: The MS originally contained in this batch was recovered low at 74% and was 
prepared and reanalyzed with all samples except S09V000957 in batch 15890. The MS was 
recovered low at 70% in the reanalysis. In order to include sample S09V000957, all samples 
were reported from the original analysis and flagged with a “b”. The MS was reported in batch 
15890. Since the client only required one MS per core hole (see Attachment 5), this project QC 
requirement was met.
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3.2.2 Sulfide

Sulfide analysis was performed on direct subsamples of the liner composite samples and the 
equipment blank. All analyses met the SW846 holding time of 7 days except for the equipment 
blank by one day. There was no required reporting limit in the SAP for sulfide. The target 
detection limit was 5 �g/g. The sample results had adjusted MDLs of 6.3 to 7.4 �g/g.

Batches 15367, 15480, 15484, 15668, and 15753: There were no notable issues with these 
batches and all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15752: The RPD between the sample and duplicate exceeded the required 30% in the 
SAP at 33%. 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 and the equipment blank. 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 for the soils were taken 
immediately after the water leach was performed, but the sampling to analysis date varied from 1 
to 16 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 had no apparent effect on the results. However, the client’s expectation was that 
analysis would be performed within 14 days. Only 3 samples were analyzed outside of 14 days.  
Due to an oversight error by the laboratory’s analytical staff, the pH for the equipment blank was 
analyzed 31 days after sampling. Since this analysis has little or no significance and was only 
performed in order to meet a requirement in DOE/RL-96-68, the overall data quality for the 
project was not affected. 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 and 
the equipment blank. All results met the QC requirements in the FSAP, SAP, and QAPP. All 
analyses met the holding time of 28 days. 

This analysis met the target detection limits. The required detection limit of 0.01�g/g was not 
met for these samples. The detection limits vary from 0.018 �g/g to 0.048 �g/g. This was caused 
by using too small of an aliquot, and apparently was an oversight error by the laboratories 
analytical staff. The final batch report was not reviewed in time by the project manager for the 
samples to be reanalyzed within the holding time. The lowest risk-driven reporting limit 
requirement in Table 5-3 of the SAP was 0.1 �g/g, which was met. 

3.2.5 Ion Chromatography - Ammonium 

Analysis for ammonium was performed using a distillation preparation of the liner composite 
samples and the equipment blank. The SAP lists an administrative holding time of 7 days. The 
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laboratory believes that after distillation and preservation, the appropriateholding time 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. Three samples were analyzed 
outside of the administrative 7-day holding time: B20XX5 (S09V001022), B211W3 
(S09V001023), and B211W6 (S09V001024). One sample B1YY17 (S09V000932), was 
analyzed outside of the EPA 28 day holding time. These missed holding times were 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 15684, 15714, and 16081: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15429: The duplicate RPD exceeded the required 30%. Since the results for these analytes 
were below the quantitation limit, the criterion does not apply. 

Batch 15819: The spike and duplicate for this batch was reported in batch 15429. This met the 
client requirement of one spike and one duplicate per core hole (See Attachment 5). 

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 and a direct aliquot the equipment blank. 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 practices 
were developed for the analysis of concentrated waste, which typically does not include the use 
of predigestion spikes for this analysis. The laboratory will change to predigestion spike for 
future Vadose Projects. 

In general, these samples experienced high RPDs in most batches, but only fluoride exceeded 
30% with a result above the quantitation limit. Most samples were reanalyzed with little or no 
improvement. Other analyses also experienced high RPDs. The exact cause of the RPD failures 
is unknown at this time, but it is the laboratory’s opinion that it is matrix related. The “c” flag 
has been applied to the fluoride results for all samples in the batch, not just the sample used for 
the duplicate analysis. 

Only bromide and fluoride had required detection limits and these were met. All target detection 
limits were met. 

Batch15462: Results met all quality control requirements. 

Batch 16804: The RPD for acetate, formate, nitrite, and phosphate exceeded the required 30%. 
Since the results for these analytes were below the quantitation limit, the criterion does not 
apply. The RPD for fluoride also exceeded the 30% requirement in the SAP and the result was 
above the quantitation limit. All sample results for fluoride have been flagged with a “c.” The 
preparation blank results for formate, nitrite, sulfate, and nitrate were above the MDL but less 
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than the quantitation limit. Therefore, the data quality was not affected and reanalysis was not 
required. Sample results were “B” flagged if the blank result exceed 5% of the sample result. 

Batch16818: The RPD for acetate, formate, nitrite, sulfate, and nitrate exceeded the required 
30%. Since the result for these analytes were below the quantitation limit, the criterion does not 
apply.

Batch 17017: This analytical batch contained two preparation batches. Formate was present in 
the second preparation blank at levels below the quantitation limit; therefore, reanalysis was not 
required. Sample results have been flagged with a “B” when appropriate.  The RPD for sulfate 
and oxalate in the first preparation batch exceeded the required 30% in the SAP. Since the results 
for sulfate and oxalate were below the quantitation limit, the criterion does not apply.  The RPD 
for fluoride also exceeded the 30% requirement and the results were all above the quantitation 
limit. Therefore, all sample results for fluoride in this preparation batch have been flagged with a 
“c”. 

3.2.7 Inductively Coupled Plasma/Atomic Emission Spectrometry 

The ICP/AES analysis was performed on an acid-digest (SW846-3050B) of all liner composite 
samples and a direct aliquot the equipment blank. 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 silicon experienced LCS failures and that reanalysis was not 
required for this secondary element. In particular, the digestion method used, which was an acid 
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. 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.  

Batch 16815: The initial low level standard (LLS) recovery for lanthanum failed low at 50%. 
This indicates that results near the LLS could be biased low and have been flagged with “J” to 
indicate these results are estimated. Lanthanum is a secondary analyte. The LCS for silicon was 
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recovered low at 51% and the results have been flagged with an “a”. This could indicate that 
results are biased low. Please see previous discussion concerning silicon. Since silicon is a 
secondary analyte, reanalysis was not required. Calcium and zinc were detected in the 
preparation blank below the quantitation limit and at less than 5% of the lowest sample result. 
Therefore, reanalysis was not required. The RPD for sulfur exceed the 30% requirement in the 
FSAP at 78% and a “c” flag has been applied to all results in the batch. Since sulfur is a 
secondary analyte, reanalysis is not required.  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 
recoveries for potassium, magnesium, and sodium exceeded the ±25% criterion in the SAP and 
FSAP. The associated sample results have been flagged with a “b.”  Since these are secondary 
analytes reanalysis was not required. The serial dilution results for manganese, silicon and 
titanium exceeded the QAPP requirement of 10% at  15%, 14%, and 11%, respectively. The 
laboratory believes this is due to matrix interference and/or sample inhomogeneity.  

Batch 16819: The LCS for silicon was recovered low at 77% and the results have been flagged 
with an “a”. This could indicate that results are biased low. Please see previous discussion 
concerning silicon. The preparation blank contained silicon and calcium below the quantitation 
limit and less than 5% of the lowest sample result.  Therefore, reanalysis was not required.  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 and silicon 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 22%. The laboratory 
believes this was due to an issue with the standard. Since tantalum is not a required analyte, 
reanalysis was not required. The sample result has been flagged with a “b”. The serial dilution 
results for silicon and sodium exceeded the QAPP requirement of 10% at 11% and 21%, 
respectively. The laboratory believes this is due to matrix interference and/or sample 
inhomogeneity. The closing LLS recovery for lanthanum was slightly above the 130% 
requirement in the analytical method at 136%.  Since the lanthanum results were well above the 
LLS, the laboratory does not believe the data quality is affected.  The RPD for tungsten exceeded 
the ±30% required by the FSAP and SAP. However, since the result was below the quantitation 
limit the criteria does not apply. The RPD for silicon exceeded the ± 30% requirement in the 
SAP and FSAP. Please see previous discussion concerning silicon. Since silicon is a secondary 
analyte, reanalysis was not required. 

Batch 16820: The ending LLS for lanthanum exceeded the ±30% requirement in the QAPP at 
136%. The lowest sample result has been flagged with a “J” indicating it could be biased high. 
The remainder of the sample results were well above the LLS level and were not flagged as 
estimated. The LSC was recovered low at 72% for silicon. The sample results have been flagged 
with an “a”. The MS for titanium, potassium, and silicon failed high. The results have been 
flagged with a “b” (please see previous discussion concerning silicon). Since these are  
secondary analytes, reanalysis was not required. The RPDs for cerium, copper, potassium, 
lithium, and sodium,  exceed the 30%, but the results were below the quantification limit; 
therefore, the criterion does not apply. The RPDs for chromium, lanthanum, neodymium, 
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titanium, yttrium, barium, zirconium, and magnesium exceeded the 30% requirement in the 
FSAP.  All associated results have been flagged with  a “c”.  As discussed above the laboratory 
believes these high RPDs were caused by matrix interference and/or sample inhomogeneity. 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 serial dilution for calcium exceed the ±10% requirement 
for calcium at 11% and silicon at 13%. Therefore, the calcium and silicon results have been 
flagged with an “e”. The laboratory believes this was caused by matrix interference. 

Batch 16892: There were no notable issues with this batch, and all QC requirements in the 
FSAP, SAP, and the QAPP were met. 

3.2.8 Inductively Coupled Plasma/Mass Spectroscopy 

The ICP/MS actinide and trace metal analyses were performed on the SW846-3050 acid 
digestion of all liner composite samples and on a direct aliquot of the equipment blank. The 
ICP/MS 126Sn and 99Tc analysis was performed using the same digest, without the addition of the 
hydrochloric acid. Hydrochloric acid is not used for 99Tc analysis because of the potential 
isobaric interference. 

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; however, standard 
material is not available for all the isotopes of interest.  Concentrations of those isotopes without 
available standards are estimated based on the instrument’s mass-response curve, which is 
generated by using the intensity/concentration relationship for the available isotope standards.
Results estimated in this manner are designated “semi-quantitative.”  

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 
analyzed within the holding time. However, due to an oversight, one sample, the equipment 
blank, was not analyzed within the holding time listed in the FSAP. This analysis exceeded the 
180 day holding time by 10 days. Since there is no evidence that 99Tc results would change over 
time when stored and acidified, the laboratory does not believe this exceedance affected the final 
results. In fact, the 99Tc standards used for this analysis are stored in the same way and have a 
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one year shelf life based on laboratory procedure. The manufacturer does not list an expiration 
date for these standards.

Batches 16761 and 17846: There were no notable issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16735: The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. 

Batch 17060: The ICB and CCB blanks contained 126Sn below the quantification level. Since 
126Sn was not detected in the samples, the data quality was not affected and reanalysis was not 
required. The preparation blank contained 99Tc below the quantitation limit. All samples 
contained 99Tc at a similar level, when the dilution factors were taken into account. Therefore, 
the sample results have been flagged with a “B”. Since all 99Tc results were below the 
quantitation level, reanalysis was not required. The RPD for 99Tc was greater than 30%, but the 
result was below the quantitation level; therefore, the criterion does not apply. 

3.2.8.2 Actinides
The required and target detection limits were met for all isotopes. The FSAP lists the holding 
time for isotopic analytes as 6 months. All samples were analyzed within the holding time. 

Batch 16721: The preparation blank contained 238U and 232Th above the quantitation level but 
less than 5% of the lowest sample results, therefore no “B” flags were applied and reanalysis was 
not required. The preparation blank contained 235U below the quantitation level and less than 5% 
of the lowest sample result, therefore no “B” flags were applied and reanalysis was not required. 
The RPD for 234U exceeded the 30% requirement in the SAP. However, since the result was 
below the quantitation level, this criterion does not apply. 

Batch 16791: The ICB result for 232Th was below the quantitation limit and the sample result 
was below the MDL; therefore, reanalysis was not required. 

Batch 16797: 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 first CCB contained 236U below the quantitation limit, which had no effect 
on the data quality, since the sample results were below the MDL. The RPD for 234U exceeded 
the 30% requirement at 51%; since the sample result was below the quantitation limit, this 
criterion does not apply. The RPDs for 232Th, 235U and 238U exceeded the 30% requirement in the 
SAP at 43%, 38%, and 34%, respectively. These results were reported from a re-preparation and 
reanalysis due to similar recoveries in the initial analysis. The second analysis used a larger 
sample aliquot size but there was still no improvement. Based on this, the laboratory believes the 
high RPDs are a result of sample inhomogeneity and additional reanalysis is would not provide 
improved results. All associated results have been flagged with a “c”.  

Batch 16918: The preparation blank result for 232Th was below the quantitation limit and less 
than 5% of the sample results; therefore, reanalysis was not required and the data quality was not 
affected. The RPD for 233U exceeded the 30% requirement in the SAP. Since the result was 
below the quantitation level, this criterion does not apply. 
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Batch 17028: The CCB result for 237Np was below the quantitation limit and all sample results 
were below the MDL, therefore, reanalysis was not required. 

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 and 
target detection limits 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. Ten of the twenty sample results for selenium were above the 
target detection limit due to matrix interference. The SW846 holding time for metal analysis is 6 
months. All samples were analyzed within this holding time. 

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. The laboratory plans to use the required 
interference check standard for future projects. 

Batch 16972: 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. The duplicate RPD for thallium exceeded the 30% requirement at 
53%. Since the sample result was below the quantitation level, this criterion does not apply. 

Batch 16991: The preparation blank and two CCB results for nickel were above the MDL but 
less than the quantitation limit. Since the blank result was less than 5% of all sample results, 
reanalysis was not required. 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 
MS for selenium failed high at 135%. Since all selenium results were below the MDL, there was 
no effect on the data quality. The initial LLS for selenium was recovered at 270% and closing 
LLS for selenium was recovered at 68%. Since selenium was not detected in any of the samples, 
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. 

Batch 17076: The preparation blank results for silver and thallium were above the MDL but less 
than the quantitation limit. Since the blank results were 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 17146: The preparation blank result for selenium was above the MDL but less than the 
quantitation limit. However, since all sample results were below the MDL, the data quality was 
not affected. The duplicate RPD for lead exceeded the 30% requirement at 34%. Based on 
repeated RPD failures in other batches, the laboratory believes this high RPD was a result of 
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sample inhomogeneity and additional reanalysis was unnecessary. This was discussed with and 
accepted by the client (see Attachment 5). 

Batch 17235: The duplicate RPD for silver exceeded the 30% requirement at 44%. Since the 
sample result was below the quantitation level, this criterion does not apply. 

Batch 17286:The initial LLS for selenium was recovered at 33% and closing LLS for selenium 
was recovered at 16%. Since there was no instrument signal for selenium, even at a level below 
the MDL, the data quality was not affected.  Due to matrix interference the detection limit for 
this batch for selenium was 10 times that of the other batches. 

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. With the 
exception of 129I analysis, tracers and spikes are added after the digestion. Historically the 222-S 
Laboratory has predominantly analyzed  samples with high levels of radioactive isotopes. 
Adding enough tracer or spike to be detectable in these types of samples would increase the dose 
exposure for analytical personnel and be prohibitively expensive. Plans are in place to change 
this practice for environmental level samples and future Vadose Project samples will use 
predigestion spikes and tracers. 

3.3.1 Gamma Energy Analysis  

Gamma energy analysis was performed directly on approximately 60 mL of soil from all liner 
composite samples and the equipment blank. 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 15411, 15679, 15680, and 16407: There were no notable issues with these batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 15709: This batch did not contain a field sample duplicate as required in the QAPP. 
However, the FSAP and SAP only requires one field duplicate per core hole (see Attachment 5). 
Since the client QC requirement was met, reanalysis was not required. 

3.3.2 Strontium-89/90

Strontium-89/90 analysis was performed on a strong acid digest of all liner composite samples 
and a direct aliquot of the equipment blank. Twelve of the sample analyses met the required 
detection limit of 2.3 pCi/g listed in the FSAP. The remaining eight samples achieved a detection 
limit between 2.3 pCi/g and 4.1 pCi/g. No detection limit exceeded the lowest action limit of 23 
pCi/g in Table 5.2 of the SAP. No sample results met the target detection limit. 

Batches 16654, and 16666: There were no notable QC issues with these batches, and all QC 
requirements in the FSAP, SAP, and the QAPP were met. 
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Batch 16490: The preparation blank had a positive result slightly above the minimum detectable 
activity with a counting uncertainty of 108%. All samples were below the MDA and the data 
quality was not affected. Therefore reanalysis was not required. 

3.3.3 Tritium 

The tritium analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of the equipment blank. This method only measured the tritium that 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 and a 
direct aliquot of the equipment blank. The analysis achieved the target detection limit in the 
FSAP. No required detection limit was listed. No standard is currently available for 79Se. A 
calibration curve was developed using 14C, which has a similar beta energy profile. Additionally, 
a cold carrier is used to monitor recovery and is measured gravimetrically. These results should 
be considered semi-quantitative. There were no notable issues with any of the 79Se batches, and 
all QC requirements in the FSAP, SAP, and the QAPP were met. 

3.3.5 Carbon-14

The 14C analysis was performed on a water leach of all liner composite samples and a direct 
aliquot of equipment blank. 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. The analysis achieved the required detection limit in the FSAP but exceeded the target 
detection limit of 1 pCi/g. Most samples had detection limits of between 50 pCi/g and 80 pCi/g. 

3.3.6 Nickel-63 

The 63Ni analysis was performed on a strong acid digest of all liner composite samples and a 
direct aliquot of the field blank. The analysis achieved the required detection limit in the FSAP 
but exceeded the target detection limit of 30 pCi/g. The samples had detection limits of between 
50 pCi/g and 75 pCi/g.

Batches 16394, 16671, and 16767: There were no notable issues with these 63Ni batches, and all 
QC requirements in the FSAP, SAP, and the QAPP were met. 

Batch 16455: The preparation blank had a positive result slightly above the MDA with a 
counting uncertainty of 134%. The sample result was below the MDA, therefore reanalysis was 
not required. 
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3.3.7 Iodine-129

Analysis for 129I was performed on an iodine specific fusion digest of all liner composite samples 
and the a direct aliquot of equipment blank. The required and target detection limits in the SAP 
were met. There were no notable issues with these batches, and all QC requirements were met. 

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 and a direct aliquot of the equipment blank. 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. 

3.3.9 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 and a direct aliquot of  the equipment blank. 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 and its associated methanol blank were 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. Nine liquid trip blank samples 
and one equipment blank 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 met the required holding time except for 
soil samples B21207 (S09V0001120), and B21210 (S09V0001121). These samples were 
analyzed one day outside the holding due to internal standard and surrogate failures on the initial 
analysis, which was within the holding time. The laboratory believes that the effect of the 
holding time exceedance on sample results is minimal. A study by the Department of Energy and 
others have 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: 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. These detection limit exceedances 
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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 standards 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. 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 laboratory also 
determined that some of the VOA vials provided by the client leaked around the cap during 
purging.

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 based 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 
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. 

Hexane was present in all core samples and three trip blanks. None of the method blanks or the 
equipment blank contained hexane above the MDL. Sixteen of the core samples contain hexane 
above the quantitation limit and 3 samples were more than 10 times the quantitation limit. None 
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of the trip blanks contained hexane above the quantitation. This would indicate that soil 
contamination is a likely source of the hexane. However, since hexane was used in the sampler 
cleaning process, this cannot be ruled out as the source. 

Methylene chloride was present in all trip blanks, the equipment blank and eight core samples. 
Eleven samples contained methylene chloride above the quantitation limit. Only one core sample 
contained methylene chloride above the quantitation limit. The method blank associated with this 
sample contained methylene chloride above the quantitation limit and was actually higher than 
the sample. The trip blank levels for methylene chloride were quite high (up to 100 times the 
quantitation limit), but the associated method blanks were below the quantitation limit and one 
was below the MDL. This indicates that the methylene chloride found in the trip blanks and 
equipment blank is contamination from the water used to make these blanks. The lower results 
for methylene chloride in the core samples and method blanks appear to be laboratory 
contamination.  

Styrene was detected in eight core samples below the quantitation limit. Styrene was not detected 
in any blanks. At this low concentration, the styrene could represent soil contamination or 
possibly a natural plant product. 

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 in Appendix B.

Batches 15470 and 16176: Other than the issues addressed in the preceding paragraphs, all QC 
requirements in the SAP, FSAP, and ATL-MP-1011 were met for these batches.

Batch 16172: Methylene chloride was detected in the method blank at a concentration above its 
MDL but below the quantitation limit. Methylene chloride was detected in all samples in this 
batch above the quantitation limit. However, the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples. 
Therefore, the samples were “B”-flagged. Since the concentration of methylene chloride was less 
than the quantitation limit, reanalysis was not required. Toluene was also detected in the method 
blank and the samples at concentrations above the MDL but below the quantitation limit. The 
samples were “B”-flagged, because the concentration of toluene in the blank was greater than 
5% of concentration of toluene in the samples. Since the concentration of toluene in the samples 
and blank were below the quantitation limit, reanalysis was not required. All samples in this 
batch were blanks. 

Batch 16177: The method blank contained methylene chloride at a concentration above the 
MDL but below the quantitation limit . Methylene chloride was detected below the quantitation 
limit in all samples in this batch except one. Since the blank result was more that 5% of the 
sample results above the MDL, these results have been flagged with a “B”. Since all results were 
below the quantitation limit, reanalysis was not required. 

Batch 16178: Methylene chloride was detected in the method blank at concentrations above the 
MDL, but below the quantitation limit. Since the concentrations of methylene chloride in the 
samples were below the MDL, reanalysis was not required. An MS/MSD pair was not included 
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in this analytical batch. The MS/MSD for this core (C7466) was contained in batch 15470. This 
meets the requirements in the SAP and FSAP of one MS/MSD per core hole. (see Attachment 5). 

Batch 16179: All samples in this batch were trip blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL but below the quantitation limit. Methylene 
chloride was detected in all samples in this batch above the quantitation limit. However, the 
concentration of methylene chloride in the blank was greater than 5% of the concentration of 
methylene chloride detected in the one of the samples. Therefore, this sample was flagged with a 
“B”. Since the concentration of methylene chloride was less than the quantitation limit, 
reanalysis was not required. Acetone was also detected in the instrument blank above the MDL 
but below the quantitation limit. The samples did not contain acetone above the MDL, therefore 
reanalysis was not required. In one sample, the concentration of methylene chloride exceeded the 
highest calibration point by 300%. Due to instrument failure the laboratory was unable to 
reanalyze this sample within the holding time. Since the sample was a trip blank, and high 
concentration of methylene chloride only demonstrated another example of contamination of 
make-up water for the blanks, additional analyses outside the holding time were not performed. 
The sample result has been flagged with an “E”.   

Batch 16180: All samples in this batch were blanks. Methylene chloride was detected in the 
method blank at a concentration above its MDL and slightly below the quantitation limit. 
Methylene chloride was detected in all samples in this batch above the quantitation limit. 
However, the concentration of methylene chloride in the blank was greater than 5% of the 
concentration of methylene chloride detected in the samples. Therefore, the samples were “B” 
flagged. Since the concentration of methylene chloride in the blank was less than the quantitation 
limit, reanalysis was not required. Toluene was also detected in the method blank and the 
samples at concentrations above the MDL, but below the quantitation limit. The samples were 
“B” flagged, since the concentration of toluene in the blank is greater than 5% of concentration 
of toluene in the samples. Since the concentration of toluene in the samples and blank were 
below the quantitation limit, reanalysis was not required. In the MS, acetone was recovered 
below the ±30% required in the SAP at 63%. All sample results for acetone have been flagged 
with “b”. All sample results for acetone were below the MDL. 

Batch 16181: An MS/MSD pair was not included in this analytical batch. The MS/MSDs for this 
core (C7468) were contained in batches 16177 and 16182. This meets the requirements in the 
SAP and FSAP of one MS/MSD per core hole (see Attachment 5). The %D for 
trans-1,2-dichloroethene was 24%. The result for this compound was below the expected value. 
Results above the MDL could be biased low. However, the sample result was below the MDL. 
The average %D for the CCV was 5.8%, which meets QAPP requirements.  

Batch 16182: Methylene chloride was detected in the method blank at a concentration above its 
MDL and slightly below the quantitation limit. Methylene chloride was detected in all samples at 
approximately the same level as the blank. Since the concentration of methylene chloride in the 
blank was greater than 5% of the concentration of methylene chloride detected in the samples, 
the samples were “B” flagged. Since the concentration of methylene chloride in the method 
blank was less than the quantitation limit, reanalysis was not required. The MS recoveries for 
acetone, MIBK, and 2-butanone were above ±30% required in the SAP at 142%, 142%, and 
135%, respectively. All sample results for these compounds were below the MDL; therefore, the 
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data quality was not affected and reanalysis was not required. All results for these compounds 
have been flagged with “b”.

Batch 16183: Acetone was detected in the blank at a concentration level above the MDL but 
below the quantitation limit. Since the sample result for acetone was below the MDL, reanalysis 
was not required. The MS/MSD RPD for acetone exceeded the 30% requirement in the SAP at 
50%. Since acetone was not detected in the sample, reanalysis was not performed. Acetone has 
been flagged with a “c”. Methylene Chloride was detected in the sample at a concentration that 
exceeded the upper calibration point and the result was “E”-flagged.  The laboratory performed 
an additional run of the sample at a 1:9 dilution to bring the result within the calibration range. 
However, the second analysis required a new vial, and the result was only a quarter of the 
original result. The result of the first analysis was recorded with a “J” flag, and the data from the 
rerun is included as supporting data. This result should be considered estimated. The cause for 
the large variation in the concentration of methylene chloride between the two vials is not clear. 

3.4.2 Semivolatile Organic Analysis 

The semivolatile organic analysis (SVOA) was performed on methylene chloride extractions of 
all liner composite samples and the equipment blank. 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 B1YY17 (S09V000928), 
the equipment blank. This was caused by failure to assign the preparation test during sample 
log-in.

Ten of the twenty soil samples contained bis (2-ethylhexyl) phthalate. This compound was also 
detected in the equipment blank, but was not above the MDL in the method blanks. Additionally, 
low levels of butylbenzylphthalate were detected in two samples, but was not present in the 
method blanks or equipment blank. Low levels of phthalates may represent contamination of the 
samples during sampling and/or analysis, but environmental contamination also could 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. In this case the equipment blank result for bis (2-ethylhexyl) phthalate was only 1.05 
times the MDL and two of the samples were approximately five times the MDL and one was 12 
times the MDL. This would indicate, that for at least these three sample, the source for the 
bis (2-ethylhexyl) phthalate was not the sampling device. 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. 

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

� The adjusted MDLs for cyclohexanone were above the 0.5 mg/kg target detection limit 
for most samples. This compound obtained detection limits between 0.51 mg/kg an 0.56 
mg/kg.
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� 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 0.51 mg/kg and 
0.56 mg/kg for this compound. 

The 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. 

Batch 15813 and 16154: There were no notable issues with this batch, and all QC requirements 
in the FSAP, SAP, and the QAPP were met.  

Batch 15818: All QC requirements were met. However, large cyclohexane, 
methyl cyclopentane, and hexane peaks were detected and tentatively indentified during the 
analysis of the samples. The laboratory believes that these compounds were present in the 
methylene chloride used for the extraction and are therefore not reported as TICs. 

Batch 16153: On the second analysis the surrogate 2-fluorobiphenyl was recovered below the 
laboratory’s administrative limits of 50% to 150% at 49% in the equipment blank sample. Since 
only 6 compounds were reported from this analysis, and none are generally associated with this 
surrogate, the laboratory believes that there was little or no affect on the overall data quality. 

Batch 16157: On the second analysis, the surrogate terphenyl-d14- was recovered below the 
SPC limits of 71%-175% at 70% in the method blank. This is only slightly low and should not 
affect the results, which were all below the MDL for the method blank. 

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 each TIC was calculated using measured response factors from the 
Hanford library compound list. 

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 both the field 
samples and 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. 
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Analysis Preparation Method Analysis Procedure 
Inorganic Analyses 

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

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

Cyanide (liquid) LA-695-102, Rev. L-0 
(SW-846 9010C) 

LA-695-102, Rev. L-0 
(SW-846 9014) 

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

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

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

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

pH (liquid) Direct LA-212-106, Rev. H-0 
(SW-846 9040C) 

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. P-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. 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-365-132, Rev. I-0 
63Ni – Separation/LSC LA-544-101, Rev. F-0 LA-285-102, Rev. D-0 
129I – Separation/GEA (solid) LA-378-105, Rev. C-0 LA-378-105, Rev. C-0 
129I – Separation/GEA (liquid) LA-378-103, Rev. K-0 LA-378-103, Rev. K-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, 
(SW-846 8260B) 

SVOC – GC/MS (solid) LA-523-138, Rev. F-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 

SVOC – GC/MS (liquid) LA-523-115, Rev. G-0 
(SW846-3540C) 

LA-523-135, Rev. C-0 
(SW-846 8270C) 
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WMA C VSR10-021
Carl Schloesslin 222-S Laboratory 7-15-2010

20090573, 20090574 & 20090607

X
Selenium-79

20090573: Water sample B1YY17 
20090574: Soil samples B20XW6, B20XW9, B20XX2, B20XX5, B211W3*, B211W5*, B211W6, B211W9, B211X2, 
B215K8, B215K9 
20090607: Soil samples B211Y3, B211Y6, B211Y9, B21202, B21205*, B21207*, B21208, B21211, B21214, 
B215L0, B215L1 
*See Completeness section below

The COCs specify the full analysis suite for sample B211W3, and VOA only for sample B211W5.  
The lab did not report gamma results for sample B211W3, and reported gamma results for sample 
B211W5.  It is assumed that the reported gamma results are actually for sample B211W3. 
  
The COCs specify the full analysis suite for sample B21207, and VOA only for sample B21205.  The 
lab reported the full analysis suite for B21205, and VOA for B21207.  It is assumed that all results 
are simply switched.

X

X
X

X Carbon-14 X Nickel-63 X
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MB Hits: SDG 20090573, Sr-90 batch 16490 - 3.04E-07 uCi/mL 
              SDG 20090573, Ni-63 batch 16455 - 1.46E-06 uCi/mL

No LCSs performed for Se-79 analyses.
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Sample B211Y9 Ni recovery (for Ni-63) = 105.9%, B21208 Ni recovery  = 105.7% 
  
For all batches, Ni, Se and Sr carriers were added to the samples after sample digestion.

None

For all batches, Am-243 and Pu-236 tracers were added to the samples after sample digestion.
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None

None

None
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Sr-90 CRDL = 2.3E-06 uCi/g. 
Sample B20XW6 MDC = 2.97E-06 uCi/g 
Sample B211W3 MDC = 3.18E-06 uCi/g 
Sample B211W6 MDC = 2.88E-06 uCi/g 
Sample B211X2 MDC = 3.06E-06 uCi/g 
Sample B215L1 MDC = 2.47E-06 uCi/g 
Sample B211Y3 MDC = 4.06E-06 uCi/g 
Sample B211Y6 MDC = 3.64E-06 uCi/g 
Sample B211Y9 MDC = 3.71E-06 uCi/g 
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Additional Documentation Requested By Client 
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