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Table 2-14. Analytical Performance Requirements for Groundwater Samples . 
Precision Accuracy 

CAS Requirement Requirement 
Number Analyte Analytical Method" EQLb (%) (%) Action Level Action Level Basis 

Performance Requirements for Field Measurements 

Oxidation reduction REDOX PROBE N/A _c _ c N/A N/A 
potential 

pH measurement PROBE 0.5 pH unit _c _c N/A N/A 

Specific conductance PROBE 1 µSiem _ c _c N/A N/A 

Temperature PROBE _ c _c N/A N/A 

Dissolved oxygen PROBE _c _c N/A N/A 
0 

Turbidity PROBE 0.1 NTU _c _c N/A N/A 0 
m --Performance Requirements for Laboratory Measurements (Radiological) :a 

I\) r 
I I\.) 0) 

15046-84-1 lodine-129 lodine-129 - Low Level 1 pCi/L S30d 70-130d 1 pCi/L 40 CFR 141 .66 --.J 0 
0 

10098-97-2 Strontium-908 Strontium-90 2 pCi/L S30d 70-130d 8 pCi/L 40 CFR 141 .66 co 
I 

~ 

10045-97-3 Cesium-137 GEA 15 pCi/L S30d 70-130d 200 pCi/L Federal MCL 
~ 

:::0 
10198-40-0 Cobalt-60 GEA 25 pCi/L S30d 70-130d 100 pCi/L Federal MCL m 

< 
14391-16-3 Europium-155 GEA 50 pCi/L S30d 70-130d 600 pCi/L 40 CFR 141 .66 0 

15262-20-1 Radium-228 GEA 3 pCi/L S30d 70-130d 900 pCi/L 40 CFR 141.66 

14762-75-5 Carbon-14 LSC - Carbon-14 200 pCi/L S30d 70-130d 2,000 pCi/L 40CFR 141 .66 

13981-37-8 Nickel-63 LSC - Nickel-63 15 pCi/L S30d 70-130d 900 pCi/L 40CFR 141 .66 

14133-76-7 Technetium-99 LSC-Technetium-99 15 pCi/L S30d 70-130d 900 pCi/L 40 CFR 141.66 

10028-17-8 Tritium LSC-Tritium 400 pCi/L S30 d 70-130d 20,000 pCi/L 40 CFR 141.66 

12587-46-1 Gross alpha GPC 3 pCi/L S30d 70-130d 15 pCi/L Federal MCL 

12587-47-2 Gross beta GPC 4 pCi/L S30d 70-130d N/A 4 mrem/year Federal MCL 

*This revised Table 2-14 (on pages 2-67 through 2-70) was approved under TPA-CN-348. 
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Table 2-14. Analytical Performance Requirements for Groundwater Samples 

Precision Accuracy 
CAS Requirement Requirement 

Number Analyte Analytical Method' EQLb (%) (%) Action Level Action Level Basis 

Performance Requirements for Laboratory Measurements (Nonradiological) 

7440-36-0 Antimony Trace - ICP (6010) or 5 µg/L s201 80-1201 5.6 µg/L Human Health for the 
ICP/MS (6020 or 200.8) Consumption of Water+ 

Organism 

7440-38-2 Arsenic Trace - lCP (6010) or 4 µg/L9'h s20 1 80-1201 0.01 8 µg/L Human Health for the 
ICP/MS (6020 or 200.8) Consumption of Water+ 

Organism 

7440-41-7 Beryllium Trace - ICP (6010) or 2 µg/L s201 80-120 I 4.0 µg/L 40 CFR 141.62 
ICP/MS (6020 or 200.8) 

0 

7440-43-9 Cadmium Trace - ICP (6010) or 2 µg/L9·h s201 80-120 1 0.25 µg/L Freshwater CCC 0 
m 

ICP/MS (6020 or 200.8) --JJ 
I'\) 

s201 80-120 1 r 
I 7440-47-3 Chromium EPA 6010 (ICP metals) 10 µg/L 74 µg/L Freshwater CCC ' 0) I'\) 

CX) 0 
7440-48-4 Cobalt Trace - ICP (6010) or 4 µg/L s201 80-120 1 4.8 µg/L WAC 173-340-720 0 

c.o 
ICP/MS (6020 or 200.8) (4)(b)(ii i)(A) and (B) .i,. 

s201 80-120 1 
.i:,. 

7440-50-8 Copper Trace - ICP (6010) or 8 µg/L 9 µg/L Freshwater CCC 
ICP/MS (6020 or 200.8) JJ 

m 
18540-29-9 Hexavalent chromium EPA 7196 (Cr(VI)) 3.7 µg/L s201 80-120 1 10 µg/L Freshwater CCC 

< 
0 

7439-92-1 Lead Trace - ICP (6010) or 2 µg/L s201 80-120 1 2.1 µg/L WAC 173-201A 
ICP/MS (6020 or 200.8) 

7439-97-6 Mercury EPA 7470 or 200.8 0.5 µg/L9 s201 80-120 1 0.05 µg/L WAC 173-21A Freshwater CCC 
(mercury) 

7439-96-5 Manganese EPA 6010 (ICP metals) 5 µg/L s201 80-120 1 50 µg/L Secondary MCL 

7440-02-0 Nickel EPA 6010 (ICP metals) 40 µg/L s201 80-120 1 52 µg/L Freshwater CCC 

7782-49-2 Selenium Trace - ICP (6010) or 4 µg/L s201 80-120 1 5 µg/L Freshwater CCC 
ICP/MS (6020 or 200.8) 

7440-28-0 Thallium Trace - ICP (6010) or 2 µg/L9'h s201 80-120 1 0.24 µg/L Human Health for the 
ICP/MS (6020 or 200.8) Consumption of Water+ 

Organism 

' This revised Table 2-14 (on pages 2-67 through 2-70) was approved under TPA-CN-348. 
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Table 2-14. Analytical Performance Requirements for Groundwater Samples 

Precision Accuracy 
CAS Requirement Requirement 

Number Analyte Analytical Method" EQLb (%) (%) Action Level Action Level Basis 

7440-66-6 Zinc EPA 6010 (ICP metals) 10 µg/L $201 80-120 1 91 µg/L WAC 173-201A 

7440-61 -1 Uranium Total Uranium (chemical) 1 µg/L $201 80-120 1 30 µg/L 40 CFR 141.62 

75-35-4 1, 1-Dichloroethene EPA 8260 (VOCs) 2 µg/Lh $20; 80-120 ; 0.073 µg/L WAC 173-340-720 
(4)(b)(iii)(A) and (B) 

79-34-5 1, 1,2,2-Tetrachloroethane EPA 8260 (VOCs) 1.5 µg/Lh $20; 80-120 ; 0.17 µg/L WAC 173-340-720 
(4)(b)(iii)(A) and (B) 

71-43-2 Benzene EPA 8260 (VOCs) 1.5 µg/Lh $20; 80-120; 0.795 µg/L WAC 173-340-720 
(4}(b}(iii)(A) and (B) 

0 

56-23-5 Carbon tetrachloride EPA 8260 (VOCs) 1 µg/Lh $20; 80-120; 0.23 µg/L Human Health for the 0 
m 

Consumption of Water+ ---Organism JJ 
I\) r 

I I 

O"l 
67-66-3 Chloroform EPA 8260 (VOCs) 5 µg/L $20; 80-120; 5.7 µg/L Human Health for the 

I\) 
CD 0 

Consumption of Water + 0 
<.O 

Organism ~ 
127-18-4 Tetrachloroethene EPA 8260 (VOCs) 5 µg/Lh $20; 80-120; 0.081 µg/L WAC 173-340-720 

..i,.. 

(4}(b}(iii)(A) and (B) JJ 
m 

79-01 -6 T richloroethene EPA 8260 (VOCs) 1 µg/Lh $20; 80-120; 0.49 µg/L WAC 173-340-720 < 
(4)(b)(iii)(A) and (B) 0 

75-01 -4 Vinyl chloride EPA 8260 (VOCs) 5 µg/Lh $20; 80-120; 0.029 µg/L Human Health for the 
Consumption of Water + 
Organism 

68334-30-5 TPH-diesel range WTPH-D 500 µg/L $20; 80-120; 500 µg/L WAC 173-340-720(3) 

14797-55-8 Nitrate (as Nitrogen) EPA 300.0 250 µg/L $201 80-1201 10,000 µg/L 40 CFR 141 .62 
(anions by IC) 

Notes: 

a. Equivalent methods may be substituted. For EPA Method 300.0, see EPA/600/4-79-020, Methods for Chemical Analysis of Water and Wastes. For EPA Method 200.8, see 
EPA/600/R-94-111 , Methods for the Determination of Metals in Environmental Samples, Supplement 1. For the four-digit EPA methods, see SW-846, Test Methods for 
Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update IV-8. Tentatively identified compounds will be reported for SW-846 Method 8260. 

b. The EQL is the lowest concentration that can be reliably achieved within specified limits of precision and accuracy during routine laboratory operating conditions. The EOL is 
generally 5 to 1 O times the method detection lim it. For many analytes, the EQL analyte concentration is selected as the lowest non-zero standard in the calibration curve. 

c. Field measurements have no specific QC requirements except to perform checks to verify manufacturer's expected performance. 

*This revised Table 2-14 (on pages 2-67 through 2-70) was approved underTPA-CN-348. 
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Table 2-14. Analytical Performance Requirements for Groundwater Samples 

CAS 
Number Analyte Analytical Method• EQLb 

Precision 
Requirement 

(%) 

Accuracy 
Requirement 

(%) Action Level Action Level Basis 

d. Accuracy criteria shown are for associated batch laboratory control sample percent recoveries. Additional accuracy criteria include analysis-specific evaluations performed for 
matrix spike, tracer, and/or carrier recoveries, as appropriate to the method. The precision criteria shown are for batch laboratory replicate sample relative percent differences. 

e. Strontium-90 will be assessed as total radioactive strontium. 

I. Accuracy criteria specified are for calculated percent recoveries for associated analytical batch matrix spike samples. Additional accuracy evaluation based on statistical control 
limits for analytical batch laboratory control samples is also performed. The precision criteria shown is for batch laboratory replicate matrix spike or replicate sample relative 
percent differences. 

g. To meet or approach calculated action levels, laboratories must use axial-based ("trace") ICP analytical methods. The laboratory also may substitute graphite furnace or ICP/MS 
methods if EOLs are met. 

h. Action levels are less than established analytical methodology capabilities. The analytical detection limits wil l be used for working levels, and will be periodically reviewed to 
establish if lower detection limit capabi lities have become available. 

i. Accuracy criteria shown are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control limits, if more 
stringent. Additional accuracy criteria include analyte-specific evaluations performed for matrix spike and surrogate recoveries, as appropriate to the method. The precision 
criteria shown are for batch laboratory replicate matrix spike analysis relative percent differences. Tentatively identified compounds will be reported for SW-846 Method 8260. 

40 CFR 141.62, "National Primary Drinking Water Regulations, " "Maximum Contaminant Levels for Inorganic Contaminants." 

40 CFR 141.66, "Maximum Contaminant Levels for Radionuclides." 

WAC 173-340-720(4) , "Model Toxics Control Act-Cleanup," "Ground Water Cleanup Standards." 

WAC 173-201 A, 'Water Quality Standards for Surface Waters of the State of Washington." 

GAS# Chemical Abstracts Service ICP inductively coupled plasma 

CCC criterion continuous concentration LSC liquid scintillation counter 

Cr(VI) hexavalent chromium MCL maximum contaminant level 

EOL estimated quantitation limit MDL method detection limit 

IC ion chromatography 

·This revised Table 2-14 (on pages 2-67 through 2-70) was approved under TPA-CN-348. 

MS 
N/A 

NTU 

voe 
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mass spectrometry 

not applicable 

nephelometric turbidity unit 

volatile organic compound 
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• Decontamination of sampling equipment 

• Radiological field data 

2.2.3 Sample Handling and Custody 
A sampling and data tracking database is used to track the samples from the point of collection through 
the laboratory analysis process. Samplers should note any anomalies (e.g., sample appears unusual , 
sample is sludge) with the samples to prevent batching across dissimilar matrices. If anomalies are found, 
the samplers should write "DO NOT BATCH" on the chain-of-custody form and inform Sample 
Management and Reporting. 

Laboratory analytical results are entered and maintained in HEIS . The HEIS sample numbers are issued to 
the sampling organization for the project. Each chemical, radio logical , and physical properties sample is 
identified and labeled with a unique HEIS sample number. 

Section 3.7 provides the fo llowing specific sample handling information: 

• Container packaging 

• Container labeling 

• Sample custody requirements 

• Sample transportation 

Sample custody during laboratory analysis is addressed in the applicable laboratory standard operating 
procedures . Laboratory custody procedures wi ll ensure that sample integrity and identification are 
maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with 
laboratory instructions prepared by Sample Management and Reporting. 

2.2.4 Analytical Methods 
Tables 2-2 through 2-15 provide information on analytical methods. These analytical methods are 
controlled in accordance with the laboratory 's QA plan and the requirements of this QAPjP. The primary 
contractor, or vadose zone contractor as applicable, participates in oversight of offsite analytical 
laboratories to qualify them for performing Hanford Site analytical work. 

If the laboratory uses a nonstandard or unapproved method, the laboratory must provide method 
validation data to confirm the method is adequate for the intended use of the data . This includes 
information such as determination of detection limits, quantitation limits , typical recoveries, and 
analytical precision and bias. Deviations from the analytical methods noted in Tables 2-2 through 2-15 
must be approved by Sample Management and Reporting in consultation with the project lead. 

Laboratories providing analytical services in support of this SAP will have in place a corrective action 
program addressing analytical system failures and documenting the effectiveness of corrective actions. 
Issues affecting analytical results are to be resolved by.Sample Management and Reporting in 
coordination with the project lead. 

Batch leaching tests wi ll be performed on soil and aquifer sediment samples . Standardized batch leach 
tests are done using a leach procedure based on ASTM D3987-06, Standard Test Method for Shake 
Extraction of Solid Waste with Water. The procedure recommends using soil screened through 9.5 mm 
(3/8-inch) mesh. Demineralized water will be used as the leaching liquid. Selected soil samples will be 
leached at soil to water weight ratios of I to I, I to 2.5, and I to 5 with one test in each series duplicated. 
Soil/water mixtures are placed in clean, watertight sample containers (extraction vessels) and rotated end­
over-end through the vessel centerline at a rate of about 30 rotations per minute for 18 hours. Following 

2-75 
*This revised Section 2.2.5 text and Table 2-17 (on pages 2-75 through 2-78) were approved under TPA-CN-348. 
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18 hours of mixing, the soil/water slurry is pressure-filtered using a 0.45-µm filter. The leachate will be 
analyzed for pH, conductivity, and metals or other contaminants of interest. Details of the test will be 
discussed with the laboratory personnel before analysis. 

Desorption distribution coefficient determinations using reagent water extract aliquots and results of soil 
analysis from EPA SW-846 Methods 6010, 6020, 7196, 7470, or 200.8 metals as appl icable will support 
modeling needs. Details of the test will be discussed with the laboratory personnel before analysis. 

2.2.5 Quality Control 
QC procedures must be fo llowed in the field and laboratory to ensure reliable data are obtained. Field 
personnel will co llect QC samples to evaluate the potential for cross contamination and to provide 
information pertinent to field variability. Field QC for sampling wi ll require the collection of field 
duplicate, trip or field transfer blank, equipment rinsate blank, and field split samples. Laboratory QC 
samples estimate the precision and bias of the analytical data. Table 2-17 summarizes fie ld and laboratory 
QC samples . 

Table 2-17. Project Quality Control Checks 

QC Sample Type Purpose Frequency 

Field Quality Control 

Full trip blank Assess contamination from containers or 
transportation. 

One per 20 samples per media sampled. 

Field transfer blank Assess contamination from sampling site. One per day when volatile organic components are 
sampled for groundwater. 

Equipment rinsate blank Verify adequacy of sampling equipment 
decontamination. 

Field duplicates Estimate precision , including sampling 
and analytical variability. 

Field split Estimate precision, including sampling , 
analytical, and inter-laboratory variability. 

At least one per borehole per media sampled when 
samples will undergo volatile organic analysis. 

As needed.° If only disposable equipment is used or 
equipment is dedicated to a particular well , then an 
equipment rinsate blank is not required. Otherwise , 1 per 
20 samples per media sampled. 

One per batch ,b 20 samples maximum , for groundwater 
samples. 

At least one at each borehole, per media sampled. 

One for every analytical method, except for Pacific 
Northwest National Laboratory specific tests, per media 
sampled. 

Laboratory Quality Control b 

Method blank Assess response of an entire laboratory 
analytical system. 

Matrix spike Identify analytical (preparation and 
analysis) bias; possible matrix affect on 
the analytical method used. 

Matrix duplicate or matrix Estimate analytical bias and precision. 
spike duplicate 

Laboratory control Assess method accuracy. 
samples 

Surrogates Estimate recovery/yield . 

2-76 

One per batch,b 20 samples maximum , or as identified by 
method guidance per media sampled. 

One per batch ,b 20 samples maximum , or as identified by 
the method guidance per media sampled. 

One per batch ,b 20 samples maximum , or as identified by 
the method guidance per media sampled. 

One per batch,b 20 samples maxim um , or as identified by 
the method guidance per media sampled. 

As identified by the method guidance per media sampled. 

' This revised Section 2.2.5 text and Table 2-17 (on pages 2-75 through 2-78) were afiproved under TPA-CN-348. 
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Table 2-17. Project Quality Control Checks 

QC Sample Type Purpose Frequency 

Notes: 

a. When a new type of non-dedicated equipment is used, an equipment rinstate blank will be collected every time 
sampling occurs until it can be shown that less-frequent collection of equipment rinsate blanks is adequate to 
monitor the decontamination procedure for the non-dedicated equipment. 

b. Batching across projects is allowed for similar matrices (e.g., Hanford Site groundwater). 

2.2.5.1 Field QC Samples 
The Field QC sample types are discussed within this section . 

Full trip blanks are samples prepared by the sampling team before trave li ng to the sampling site. The 
preserved bottle set is identical to the set collected in the fie ld, but it is fill ed with reagent water or silica 
sand, as appropriate to the primary sample media. The bottles are sealed and transported, unopened, to the 
field in the same storage container used for samples collected the same day. Fu ll trip blanks are typically 
analyzed for the same constituents as the samples from the associated sampling event. However, the 
analytical list for full trip blanks on soil may be limited to vol atile organic analys is (VOA), semi-volatile 
organic analysis, and total petroleum hydrocarbons, depending on resolution/determination of the target 
analyte list. Full trip blanks are not required on aquifer sediments being analyzed for metals, mercury, and 
hexavalent chromi um. 

Field transfer blanks are preserved VOA sample containers filled at the sample collection site with 
reagent water or silica sand transported to the fie ld. The samples are prepared during the sampling to 
evaluate potential contamination caused by field conditions. After collection, field transfer blank bottles 
are sealed and placed in the same storage container with the samples from the associ ated sampling event. 
Field transfer blank samples are analyzed for volatile organic compounds (VOCs) only. 

The field transfer blank will consist of reagent water or silica sand, as appropriate to the primary sample 
media, added to clean sample containers at the location where the VOC sample was collected. The field 
transfer blank wi ll be batch analyzed with samples for which VOA is being requested . 

Equipment rinsate blanks are co llected for sampl ing dev ices reused to assess the adequacy of the 
decontamination process. Equipment rinsate blanks will consist of silica sand or reagent water poured 
over the decontaminated sampling equipment and placed in containers, as identified on the project 
sampling authorization form . If disposable (e.g., single-use) equipment is used, equipment rinsate blanks 
will not be required. 

For the field blanks (e.g., full trip blank, fi eld transfer blank, and equipment rinsate blank), results above 
two times the method detection limit are identified as suspected contamination. However, for common 
laboratory contaminants such as acetone, methylene chloride, 2-butanone, toluene, and phthalate esters , 
the limit is five times the method detection limit. For radiological data, blank results are fl agged if they 
are greater than two times the total minimum detectable acti vity. 

Field duplicate samples are used to evaluate sample consistency and the precision of fi eld sampling 
methods. Field duplicates are inaependent samples that are collected as close as poss ible to the same point 
in space and time. They are two separate samples taken from the same source, stored in separate 
containers, and analyzed independently. 

2-77 
•ms revised Section 2.2.5 text and Table 2-17 (on pages 2-75 through 2-78) were approved under TPA-CN-348. 
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The duplicate should be collected generally from an area expected to have some contamination, so valid 
comparisons between the samples can be made (e.g., at least some of the constituents will be above the 
detection limit). When sampling is performed from a sp li t spoon, VOC samples and VOC duplicate 
samples are collected directly from the samp ler. The remaining soil/aquifer sediment is then composited 
in a stainless steel mixing bowl. The soil/aquifer sediment sample and duplicate sample are collected from 
this composited material. 

Evaluation of the results can provide an indication of intra-laboratory variabi lity. Large relative percent 
differences can be an indication of laboratory performance problems and should be investigated . Only 
tho e field duplicates with at least one resu lt greater than five times the method detection limit or 
minimum detectable activities are evaluated. 

A field split is a representative sample from a sampling evenL sent to a third party laboratory (i .e., 
reference laboratory). Eval uation of the results can provide an indication of inter-laboratory variability. 
Large relative percent differences can be an indication of laboratory performance problems and should be 
investigated. Only those results greater than five times the method detection limit or minimum detectable 
activity at both laboratories are evaluated. 

2.2.5.2 Laboratory QC Samples 
The laboratory QC samples (e.g., method blanks, laboratory control sample/blank spike, and matrix spike) 
are defined for three digit EPA methods (EPA-600/4-79-020, Methods for Chemical Analysis of Water 
and Wastes, and EPA-600/R-94-111, Methods for the Determination of Metals in Environmental 
Samples, Supplement]) and fo ur digit EPA methods (SW-846), and wi ll be run at the frequency specified 
in the respective reference. QC checks outside of control limits will be reflected in the data validation 
process and during the DQA described in Section 2.4. 

2.2.5.3 QC Requirements 
If only disposab le equipment is used or equipment is dedicated to a particular well , an eq uipment rinsate 
blank is not required. If no VOC samples are collected, a field transfer blank is not required. 

Field duplicates must agree within 20 percent, as measured by the relative percent difference, to be 
acceptable. Only those field duplicates with at least one resu lt greater than five times the appropriate 
detection limit are evaluated. Unacceptable fie ld duplicate resu lts also are flagged with a "Q" qualifier in 
the HEIS database. 

For chemical analyses, the acceptance criteria for laboratory duplicates, matrix spikes, matrix spike 
duplicates, surrogates, and laboratory control samples are stated in Tables 2-2 through 2-15. 

Holding time is the elapsed time period between sample co llection and analysis, or sample collection to 
extraction and sample extraction to analysis , as applicable to the method. Exceeding required holding 
times could result in changes in constituent concentrations due to volatilization, decomposition, or other 
chemical alterations. Required holding times depend on the analytical method, as specified for three- and 
four-digit EPA methods (EPA-600/4-79-020; EPA-600/R-94-111; SW-846) . Data associated with 
exceeded holding times are flagged. 

Additional QC measures include laboratory audits and participation in nationally based performance 
evaluation studies. The laboratories participate in national studies such as the EPA sanctioned water 
pollution and water supply performance evaluation studies . The Soil and Groundwater Remediation 
Project periodically audits the analytical laboratories to identify and solve quality problems or to prevent 
such problems. Audit resul ts are used to improve performance. Summaries of audit results and 

2-78 
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Table 3-1 . Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurement• Water Sample/Measurement 

Sampling Location 

Well No. 1 

Install borehole reaching a total depth 
approximately 20 ft beneath the water table and 
screened across the water table. 

Well No. 2 

Install borehole reaching a total depth 
approximately 5 ft within the RUM and screened 
in the unconfined aquifer in 100-BC. 

Sample Interval Depth (ft 
bgs) 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft , 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, samples to 
be collected 15, 10, 5, and 
2 ft above water table , at 
the water table , 5 ft below 
the water table , at the 
bottom of the unconfined 
aquifer, and 5 ft into the 
RUM within a non-water­
bearing unit by split spoon 
(8 samples [estimated]) . 

Major formation and 
lithology changes and 10 ft 
and 5 ft above the Hanford 
Ringold contact , at the 
Hanford Ringold contact, 
and 5 ft below the Hanford 
Ringold contact by split 
spoon (6 samples 
f estimated)). 

Analyte 
Property List 

Geologic archive 
samplesb. 

Geologic archive 
samplesb_ 

In accordance with 
Tables 2-12 and 2-13 : 

• Batch leach test 

• Distribution coefficient 

• Radiological methods 

• Physical properties 

• EPA Methods 7196 
and 6010 

Physical properties in 
accordance with 
Table 2-13. 

*This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sample Interval Depth 
(ft bgs) 

Sample 1 0 ft below 
water table (1 sample) . 

During drilling, samples 
to be collected at 5-ft 
intervals throughout 
unconfined aquifer 
(estimated 28 samples). 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 

Analyte List 

Table 1-3 constituents 
(in accordance with 
Table 2-14). 

Field screening 
parameters (in 
accordance with 
Table 2-14). 

Table 1-3 constituents 
(in accordance with 
Table 2-14). 

Field screening 
parameters (in 
accordance with 
Table 2-14). 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurement" Water Sample/Measurement 

Sampling Location 

Well No. 3 

Install borehole reaching a total depth 
approximately 5 ft within the RUM and screened 
in the unconfined aquifer in 100-BC. 

Sample Interval Depth (ft 
bgs) 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, samples to 
be collected 15, 10, 5, and 
2 ft above water table, at 
the water table , 5 ft below 
the water table , and at the 
bottom of the unconfined 
aquifer and 5 ft into the 
RUM within a non-water­
bearing unit by split spoon 
(8 samples {estimated)) . 

Major formation and 
lithology changes, and 10 ft 
and 5 ft above the Hanford 
Ringold contact , at the 
Hanford Ringold contact, 
and 5 ft below the Hanford 
Ringold contact by split 
spoon (6 samples 
{estimated]). 

Analyte 
Property List 

Geologic archive 
samplesb. 

In accordance with 
Tables 2-12 and 2-13 : 

• Batch leach test 

• Distribution coefficient 

• Radiological methods 

• Physical properties 

• EPA Methods 7196 
and 6010 

Physical properties in 
accordance with 
Table 2-12. 

'This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sample Interval Depth 
(ft bgs) 

During drilling, samples 
to be collected at 5-ft 
intervals throughout 
unconfined aquifer 
(estimated 21 samples). 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 

Analyte List 

Table 1-3 constituents 
(in accordance with 
Table 2-14). 

Field screening 
parameters (in 
accordance with 
Table 2-14). 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurementa Water Sample/Measurement 

Sampling Location 

Well No. 4 

Install borehole reaching a total depth 
approximately 5 ft within the RUM and screened 
in the unconfined aquifer in 100-BC. 

Sample Interval Depth (ft 
bgs) 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, samples to 
be collected 15, 10, 5, and 
2 ft above water table , at 
the water table , 5 ft below 
the water table , and at the 
bottom of the unconfined 
aquifer and 5 ft into the 
RUM within a non water­
bearing unit by split spoon 
(8 samples [estimated]) . 

Major formation and 
lithology changes and 1 0 ft 
and 5 ft above the Hanford 
Ringold contact , at the 
Hanford Ringold contact, 
and 5 ft below the Hanford 
Ringold contact by split 
spoon (6 samples 
[estimated]) . 

Analyte 
Property List 

Geologic archive 
samplesb. 

In accordance with 
Tables 2-12 and 2-13: 

• Batch leach test 

• Distribution coefficient 

• Radiological methods 

• Physical properties 

• EPA Methods 7196 
and 6010 

Physical properties in 
accordance with 
Table 2-12. 

•This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sample Interval Depth 
(ft bgs) 

During drilling, samples 
to be collected at 5-ft 
intervals throughout 
unconfined aquifer 
(estimated 22 samples). 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 

Analyte List 

Table 1-3 constituents 
(in accordance with 
Table 2-14). 

Field screening 
parameters (in 
accordance with 
Table 2-14). 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurementa Water Sample/Measurement 

Sampling Location 

Well No. 5 

Install borehole reaching a total depth 
approximately 5 ft within the RUM and screened 
in the unconfined aquifer in 100-BC 

Sample Interval Depth (ft 
bgs) 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, samples to 
be collected 15, 10, 5, and 
2 ft above water table, at 
the water table, 5 ft below 
the water table , and at the 
bottom of the unconfined 
aquifer and 5 ft into the 
RUM within a non-water­
bearing unit by split spoon 
(8 samples [estimated]). 

Major formation and 
lithology changes and 1 0 ft 
and 5 ft above the Hanford 
Ringold contact, at the 
Hanford Ringold contact, 
and 5 ft below the Hanford 
Ringold contact by split 
spoon (6 samples 
[estimated]). 

Analyte 
Property List 

Geologic archive 
samplesb. 

In accordance with 
Tables 2-12 and 2-13 : 

• Batch leach test 

• Distribution coefficient 

• Radiological methods 

• Physical properties 

• EPA Methods 7196 
and 6010 

Physical properties in 
accordance with 
Table 2-12. 

*This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sample Interval Depth 
(ft bgs) 

During drilling, samples 
to be collected at 5-ft 
intervals throughout 
unconfined aquifer 
(estimated 23 samples). 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 

Analyte List 

Table 1-3 constituents 
in accordance with 
Table 2-14. 

Field screening 
parameters in 
accordance with 
Table 2-14. 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurement" Water Sample/Measurement 

Sampling Location 

Well No. 6 

Install borehole reaching a total depth 
approximately 50 ft within the RUM and 
screened in the first water bearing unit of the 
RUM in 100-BC 

Sample 18 spatial/temporal uncertainty 
monitoring wells (Table 3-2) ; multiple rounds 
(This includes existing wells and 4 groundwater 
monitoring wells installed under Sampling and 
Analysis Plan DOE/RL-2009-61 ). 

Sample Interval Depth (ft 
bgs) 

During drilling, archive 
samples of drill cuttings will 
be grab collected every 5 ft 
or where lithology changes 
occur in a pint jar and a 
chip tray. 

During drilling, samples to 
be collected every 5 ft in 
the RUM unit by split spoon 
(10 samples [estimated)) . 

None 

Analyte 
Property List 

Geologic archive 
samplesb. 

In accordance with 
Tables 2-12 and 2-13 : 

• Batch leach test 

• Distribution coefficient 

• Radiological methods. 

• Physical properties 

• EPA Methods 7196 
and 6010 

None 

'This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sample Interval Depth 
(ft bgs) 

Sample water­
producing zone in the 
RUM unit (1 sample) . 

Multiple sampling 
rounds to support 
remedial investigation 
(18 wells x 3 rounds= 
54 samples). 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 

Analyte List 

Table 1-3 constituents 
(in accordance with 
Table 2-14). 

Field screening 
parameters (in 
accordance with 
Table 2-14). 

Table 1-3 constituents 
at standard 
turnaround time in 
accordance with 
Table 2-14. 

Field screening 
parameters in 
accordance with 
Table 2-14. 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Sampling Location 

Sample pore water at 10 (minimum) locations 
selected for Phase Ill sampling under Remedial 
Investigation Work Plan for Hanford Site 
Releases to the Columbia River 
(DOE/RL-2008-11 ). 

Estimated number of samples 

Estimated minimum number of field QC samples 

Total number of samples 

Soil/Aquifer Sediment Sample/Measurement• 

Sample Interval Depth (ft 
bgs) 

None 

Soil/aquifer sediment chemical : 144 

Physical property: 47 

Geologic archive samples : variable 

Analyte 
Property List 

None 

Soil/aquifer sediment chemical : 25 (8 equipment 
rinsate blank, 8 field blank, 8 duplicate, 1 split) 

Physical property: O 

Geologic archive samples : 0 

Soil/aquifer sediment chemical: 169 

Physical property: 47 

Geologic archive samples : variable 

*This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Water Sample/Measurement 

Sample Interval Depth 
(ft bgs) 

A minimum of one 
round of sampling will 
occur. Exact locations 
to be identified in the 
field based on favorable 
flow, temperature, and 
conductivity 
measurements (1Q 
locations x 1 round = 1 0 
samples). 

Analyte List 

Total chromium and 
hexavalent chromium 
in accordance with 
Table 1-15. Additional 
analytes as agreed 
upon by DOE and 
EPA. 

Water samples collected during drilling : 103 

Spatial/temporal uncertainty samples: 54 

Pore water samples: 10 

Water samples collected during drill ing : 19 
(6 equipment rinsate blank, 6 field blank, 
6 duplicate, 1 split) 

Spatial/temporal uncertainty samples : 10 
(3 equipment rinsate blank, 3 field blank, 
3 duplicate, 1 split) 

Pore water samples: 4 (1 equipment rinsate 
blank, 1 field blank, 1 duplicate, 1 split) 

Water samples collected during drilling : 122 

Spatial/temporal uncertainty samples : 64 

Pore water samples: 14 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 
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Table 3-1. Borehole and Groundwater Well Sample/Measurement Locations and Depths 

Soil/Aquifer Sediment Sample/Measurement• Water Sample/Measurement 

Sampling Location 

Notes: 

Sample Interval Depth (ft 
bgs) 

Analyte 
Property List 

Sample Interval Depth 
(ft bgs) Analyte List 

a. Upon visual observation of contamination, a depth discrete sample will be collected for applicable analysis. For example, if hexavalent chromium 
contamination is observed at any interval other than those stated for sampling , a depth discrete sample would be collected for hexavalent chromium 
analysis. 

b. Archive samples may be omitted at the discretion of the field geologist due to radiological field data. 

For the four-digit EPA methods, see SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update IV-8. 

bgs below ground surface 

GEA gamma energy analysis 

RUM Ringold Fm Upper Mud 

*This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 

Sampling and Analysis Plan for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study 
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*This revised Table 3-1 and Section 3.5.2 text (on pages 3-11 through 3-20) were approved under TPA-CN-348. 
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3.5.2 Groundwater Characterization 
Groundwater characterization, including well activities, identification of wells to be sampled, well depth 
and screen placement, and well drilling and completion procedures, is discussed in this section . 

3.5.2.1 New Groundwater Wells 
Table 3-1 summarizes groundwater monitoring well activities. From the new well screened in the Ringold 
Fm Upper Mud Unit, slug testing and pump testing will be performed to characterize hydraulic 
conductivity. 

Well Depth and Screen Placement 
Well 1 will be screened at the top of the aquifer. Wells 2, 3, 4, and 5 will be screened in the unconfined 
aquifer, and the screen length and placement will be determined after initial aquifer samples are reviewed. 

For the one new groundwater well in 100-BC to be drilled into the uppermost water-bearing unit within 
the Ringold Fm Upper Mud Unit (well 6), the screen length and placement will be determined based on 
the thickness and ability to produce water in the water-bearing Ringold Fm Upper Mud Unit. 

Well Drilling and Completion Procedures 
Well drilling will be performed in accordance with WAC 173-160. The wells will be drilled using 25-cm 
(10 in.) diameter (or larger) casing to total depth . The drilling method will be determined based on 
discussions between the drilling lead and drilling contractor. The wells will be constructed as 15.24 cm 
(6-in.) wells with Schedule 10, Type 304 or 316 stainless steel, V-slot continuous wire wrap screen, atop 
a 0 .6 m (2 ft) long stainless steel sump with end cap. A Schedule 10 stainless steel ri ser will be used to 
extend the permanent well into the vadose zone, with Schedule 10 stainless steel casing through the 
vadose zone to ground surface. Colorado silica sand will be used for the sand pack; sodium bentonite 
pellets and/or natural sodium bentonite chunks, crumbles, or powdered bentonite will be used for 
bentonite sealing material ; and Type I/II Portland cement will be used for cement grout. 

Surface construction consisting of protective casing, protective guard posts, and cement pad must be in 
place before job completion. The protective casing will be a minimum of 5 cm (2 in.) larger in diameter 
than the permanent casing. Protective casing will rise approximately 0 .9 m (3 ft) above the ground 
surface. Permanent casing will rise to approximately 0.3 m (1 ft) below the top of the protective casing. 
Protective casing will have a lockable well cap extending approximately 38.1 cm (15 in.) above the top of 
the protective casing. 

Final well design, including screen placement and length, will be determined by concurrence of the field 
geologist, drilling lead, and operable unit lead based on field conditions. 

Well Sampling During Drilling 
Soil samples will be collected during well drilling for vadose zone characterization, as described in 
Section 3.5.1. Groundwater samples will be collected during drilling of borings and groundwater 
monitoring wells as described in Table 3-1. Generally, samples will be collected at 5 ft intervals 
throughout the unconfined aquifer and below the water table. Less sampling is required for wells 1 and 6, 
which are adjacent to recently-installed wells with full characterization data. 

After completion, samples will be collected from the groundwater wells installed under the scope of this 
SAP quarterly for the first year, with a reduction in frequency for subsequent years, if warranted. These 
sampling and analysis activities will be conducted as part ofDOE/RL-2003-38, 100-BC-5 Operable Unit 
Sampling and Analysis Plan, Rev 1. 

3-19 
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Columbia River Pore Water Sampling 
Additional groundwater upwelling (pore water) samples will be collected in the Columbia River. Samples 
will be collected from established upwelling locations, and the focus will be on sites where contamination 
was detected in previous pore water sampling conducted under the Remedial Investigation Work Plan for 
Hanford Site Releases to the Columbia River (DOE/RL-2008-11). At a minimum, attempts will be made 
to collect samples at ten of the 100-BC locations that were selected for Phase III sampling under the RI 
Work Plan for the Hanford Site Releases to the Columbia River (DOE/RL-2008-11). Exact sample 
locations will be identified in the field using the procedures for identification of favorable flow conditions 
relating to temperature and conductivity, as outlined in the RI Work Plan for the Hanford Site Releases to 
the Columbia River (DOE/RL-2008- 11 ). Additional sampling location requirements will be determined 
through a collaborative process with DOE and EPA. 

Laboratory analysis from pore water will include, at a minimum, hexavalent chromium (Cr(YI)) and total 
chromium. Additionally, those contaminants detected above either aquatic protection levels or drinking 
water standards (whichever is most restrictive) during the Phase III sampling described above will be 
sampled for from selected locations as indicated by the Phase III results. This need for additional analytes 
will be determined through a collaborative process with DOE and EPA. 

3.5.2.2 Groundwater Network to Evaluate Spatial and Temporal Uncertainty 
Table 3-1 summarizes groundwater monitoring activities to address spatial and temporal uncertainties. 
Table 3-2 presents the wells to be sampled. Multiple rounds of groundwater samples will be collected for 
analysis to support the remedial investigation in the existing groundwater wells for each contaminant 
identified in Table 1-3. 

C7505 (new) 

199-B2-13 

199-B3-1 

Table 3-2. Spatial and Temporal Uncertainty Groundwater Monitoring Well Network 

199-B3-46 

199-B3-47 

C7506 (new) 

199-B4-4 

C7507 (new) 

199-B4-8 

199-B5-1 

199-B5-2 

199-B8-6 

C7665 (new) 

699-65-83 

199-B9-3 

699-65-72 

699-67-86 

699-71-77 

To determine the spatial and temporal risk uncertainty for potential human and ecological receptors , the 
RI process requires that the groundwater be sampled , providing representative data of aquifer conditions, 
both spatially and temporally. It is required that the groundwater be sampled throughout an area without 
regard to the location of surface facilities or known groundwater plumes. If there are temporal changes in 
groundwater conditions, samples must be collected to capture these varying stages to properly delineate 
temporal risk uncertainties to potential receptors. The resulting well network data will be used to evaluate 
the groundwater risk information presented in DOE/RL-2007-21 , Risk Assessment Report for the JOO 
Area and 300 Area Component of the River Corridor Baseline Risk Assessment. Ob ervations and 
conclusions regarding the data collected and the DOE/RL-2007-21 evaluation will be documented in the 
RI report (e.g., ri sk uncertainties associated with temporal and spatial representativeness, verifying 
groundwater risk conclusions, ensuring no contaminants were inadvertently overlooked, and establishing 
a "present condition" dataset that can be used to measure the progress of future cleanup actions). 

Sampling Frequency 
To capture baseline aquifer conditions fully , it is required that samples represent not only spatial 
variations but also changes that occur over time. Near the river, these varying conditions are observed as 
changes in groundwater flow, both direction and rate, causing temporary movement of contaminants 
through different portions of the unconfined aquifer. For areas bordering on the Columbia River, the 
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