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. 1.0 INTRODUCTION

This report presents results of an assessment of the available information
concerning U.S. Environmental Protection Agency (EPA) quality assurance/quality
control (QA/QC) requirements and guidance applicable to sampling, handling, and
analyzing physical parameter samples at Comprehensive Environmental Restoration,
Compensation, and Liability Act (CERCLA) investigation sites. Included in this report
are the levels of QA/QC accepted by EPA Region 10 project managers at another
Federal facility CERCLA investigation.

1.1 BACKGROUND

Geotechnieal testing laboratories measure the following physical properties of soil
and sediment samples collected during CERCLA remedial investigations (RI) at the
Hanford Site:

• moisture content

• grain size by sieve
• grain size by hydrometer
• specific gravity
• bulk density/porosity
• saturated hydraulic conductivity
• moisture retention

• unsaturated hydraulic conductivity
• permeability of rocks by flowing air

Geotechnical testing laboratories also measure the following chemical parameters
of soil and sediment samples collected during Hanford Site CERCLA RI:

• calcium carbonate

• satttrated column leach testing.

Physical parameter data are used for (1) characterization of vadose and saturated
zone geology and hydrogeology, (2) selection of monitoring well screen sizes, (3) to
support modeling and analysis of the vadose and saturated zones, and (4) for engineering
design.

1.20BIF_L"IIV_

The objectives of this report are to determine the QA/QC levels accepted in the
EPA Re#on 10 for the sampling, handling, and analysis of soil samples for physical
parameters during CERCLA RI.

- 1
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" 2.0 REGULATORY GUIDANCE

2.1 EPA REGION I0 GUIDANCE

Regulatory guidance from EPA Region 10 staff was solicited by calling EPA QA
personnel in Seattle, Washington. EPA Region 10 QA staff responded that beyond use
of standard metl,,ods such as those published by the American Society for Testing and
Materials (ASTM), there were no Region 10-specific QA requirements applicable to
sampling or analysis of soil for measurement of physical properties.

To assess Region 10 practice regarding acceptable QA/QC for physical parameter
measurements, work plans from a non-Hanford CERCLA site RI were examined.
Specifically, two work plans from the Fairchild Air Force Base (AFB) Remedial
Investigation/Feasibility Study (RI/FS) were examined. Excerpts from the work plans
applicable to QA for soil sampling and physical parameter analyses are included in
Appendix A.

The Fairchild AFB RI/FS work plans (SAIC 1990, Halliburton NUS 1991a and
1991b) specify the following physical parameters for analysis:

• grain size - by ASTM D 4222 (Halliburton NUS 1991a)

• bulk density - following Chapter 9 of Methods of Soils Analysis, American
Association of Agronomy (Halliburton NUS 1991a)

• permeability- by EPA (1986) Method SW 9100 (Halliburton NUS 1991a)

• density - no method given (Halliburton N'US 1991b)

• Atterberg limits - by AsTM D 4318 (HaUiburton NUS 1991a)

• percent moisture - by ASTM D 2216 (SAle 1990, Halliburton NUS 1991a).

The work plans do not specify sample preservation or holding time requirements
for physical parameter samples (SAIC 1990, Halliburton NUS 1991a and 1991b). At
Fairchild AFB, "field duplicates" will be collected from soil borings at a 25% frequency
for analysis of bulk density and grain size (Halliburton NUS 1991b). Field duplicates
will not be collected from a thin-walled tube or from test pit samples (Halliburton NUS
1991b). The Halliburton NUS Quality Assurance Project Plan (1991a) states that
duplicate samples should be analyzed on a 10% frequency when ASTM D 2216 percent
moisture analyses are performed. Acceptance criteria for the data are stated as
"precision within current control limits" (Table 1.10-1, HaUiburton NUS 1991a). These
are the only references to QC sample frequency and acceptance criteria identified for
physical parameter data.

2
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" 2.2 PUBLISHED EPA GUIDANCE

PubLished EPA guidance for QA/OC relating to determination of physical
parameter of soft samples includes:

• Compendium of Superfund Field Operations Methods (EPA 1987a)

• Data Quality Objectives for Remedial Response Activities, Development
Process (EPA 198713)and Data Quality Objectives for Remedial Response
Activities, Example Scenario (EPA 1987c)

• Test Methods for Evaluating Solid Waste, USEPA SW-846, 3rd Edition,
November 1986, Method 9100 (EPA 1986)

• Soil Sampling Quality Assurance User's Guide (EPA 1984).

2.2.1 Compendium of Superfund Field Operations Manual

Chapter 9 of the Compendium of Superfund Field Operations Methods (EPA
1987a) contains specific guidance on the following topics that are applicable to physical
parameter testing of Hanford Site soil samples:

• test parameters versus test methods
• procedures (which includes EPA assessments of ASTM test methods)
• laboratory QA/QC.

Test methods are referenced by Exhibit 9-1 in the compendium for soil and rock
physical properties. The exhibit lists 31 test parameters and corresponding test methods;
all except two are from ASTM (1992) Volume 04.08, Standm'd_Relating tODimension
Stone: S0il and Rock: Geosyrtthetics. Two test parameters and methods, Sand
Equivalent by ASTM D 2419-74 and Apparent Specific Gravity by ASTM C 127-83, are
from ASTM (1991) Volume 04.02, Concrete and Mineral A_n'egates.

Methods or practices specified in the ASTM methods should be applied to the
transportation, storage, and preparation of samples to maintain the physical state and
sample integrity. For example, the preservation of the moisture content of a sample
during sampling and handling is critical ff moisture content is a parameter to be
measured in the laboratory. If sequential tests will be performed on a sample, the tests
should be arranged to minimize the possibility that initial testing could irreversibly alter
the sample and prevent sample reuse for further testing (EPA 1987a).
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" Section 9.6.3 of EPA (1987a) includes specific assessments of limitations and
precautions applicable to physical parameter tests used at the Hanford Site. These are as
follows:

• Moisture Content by ASTM D 2216-80 (ASTM 1992) - Minimize changes
in moisture content during sampling, shipping, and handling by sealing the
sample or Shelby tube in wax, foil, plastic, or a combination thereof.

• Grain Size (sieve and hydrometer) by ASTM D 422-63 (ASTM 1992) -
Grain size determined by the hydrometer method is less reliable for fine-
grained than for coarse-grained soil samples. Also, hydrometer analyses
may be more sensitive to interferences from hazardous materials in the
sample than are sieve analyses.

• Specific Gravity by ASTM D 854-84 (ASTM 1992) - Soil samples
containing soluble salts should be slurried in kerosene. This may greatly
alter the specific gravity calculated and pose safety hazards. The test is
susceptible to errors in measurements of temperatures and weights.

• Specific Gravity (bulk density/porosity of rock) by ASTM C 127-83 (ASTM
1991) - The specific gravity determined from the sample may overestimate
the bulk density of the deposit because joints, cavities, and other
discontinuities reduce the overall density of natural deposits.

• Capillary Moisture Relationships (moisture retention) by ASTM D 2325-68
(1981) and ASTM D 3152-72 (1977) (ASTM 1992) - The test results are
only directly applicable to the capillary moisture relationship of the soil
sample tested. Extrapolation of the laboratory data to field or in situ
conditions requires engineering judgement.

• Permeability (saturated hydraulic conductivity) by ASTM D 2434-68 (1974)
(ASTM 1992) - Laboratory samples are extremely small when compared
to natural in situ conditions. Also, samples are disturbed, methods of
testing are not universally standardized, and extrapolations of laboratory
data to field conditions may be approximate at best. Determinations of the
coefficient of permeability are generally considered accurate within an
order of magnitude. Estimates of the quantities and rates of flow are only
considered accurate within an order of magnitude. Results of a
permeability test are best used with proper engineering judgement.

The EPA (1987a) recommends the following laboratory practices: use of standard
data sheets; proper record keeping; and use of a sample log. Standard WHC QA
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requirements for data sheets, e.g., use of printed forms, and for record keeping are
adequate to meet EPA (1987a) recommendations. The sample log should encompass the
following activities and data:

• log in samples in a bound record book
• assign a sequential identification number to each sample
• record the sample receipt date
• record the date and location of sample storage
• record the date tested
• record the date of sample disposal.

Chain of custody should be maintained on all samples throughout the process
(Section 9.6.6.1, page 9-42, EPA 1987a). Section 9.6.6.1 of EPA (1987a) also
recommends that ali laboratory record sheets include the identification number, the
project name, and project number.

2.2.2 Data Quality Objectives

Key steps in the process of developing data quality objectives (DQO) are
identification of the end use of data; identifying the quality of data required; and the
amount of data needed. Ideally, the formal DQO development process should be
applied to physical parameter testing (EPA 19870 and 1987c). The DQO documents
(EPA 1987b and 1987c) provide the following guidance for physical property data:

• Data from physical property analysis of soils are often required for
engineering design (EPA 198To).

• Physical parameter tests are usually Level V or "other" category analytical
support (page 4-10, and Table 4-4, EPA 19870).

The DQO documents (EPA 19870 and 1987c) provide little other guidance
regarding the development of DQO for soil physical properties data.

2.2.3 Test Methods For Evaluating Solid Wast¢

EPA Method 9100 (EPA 1986), Saturated Hydraulic Conductivity. Sa_rated
Leachate Conductivity. and Intrinsic Permeability_is directly applicable to measurement
of saturated hydraulic conductivity and is referenced in work plan documents for the
Fairchild AFB RI/FS (Halliburton NUS 1991a). Section 2.10 of Method 9100, pages
9100-26 and 9100-27 includes sources of error for the laboratory measurement of
hydraulic conductivity (EPA 1986). These include:

• Sidewall leakage in fixed-wall permeameters may produce higher than
actual values for hydraulic conductivity.
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• Shrinkage of the sample in flexible-wall permeameters may result from
leaehate and sample, interaction. The hydraulic conductivity values will
then be misleadingly low.

• Errors in sample preparation can cause the measured hydraulic
conductivity values to be either too low or too high.

A detailed explanation of the sources hydraulic conductivity measurement errors
and methods to minimize them is provided by Olsen and Daniel (1981).

2.2.4 Soft Sampling Quality Assurance User's Guide

Despite the title S0il Sampling Ouality A_surance User's Guide (EPA 1984), this
document provides little information that is directly applicable to the QA of physical
parameter data generated by the analysis of soil samples at the Hanford Site. The
document is predominantly concerned with sampling of soils for analysis of chemical
constituents.

Sampling of soils for analysis of physical properties is addressed by EPA (1984)
only briefly. Static soil properties (physical properties), such as percent clay, bulk
density, etc., earl have coefficients of variation < __.20%(page 26, EPA 1984). This
coefficient of variation can be used to determine the number of samples that should be
analyzed to produce data of a desired precision and confidence (Table A-I, Appendix A,
EPA 1984).

3.0 STANDARD METHODS

The ASTM has developed standards, e.g., standard practice(s) and test methods,
for determination of many physical properties of sediment and soft. These are in the
Annual Book of ASTM Standards. Volom¢ 04.08. MStandardsRelal;ing to Dimension
Stone; Soil and Rock: Geosvntheties" (ASTM 1992), and in the Annual Book of ASTM
Standards, V01_m¢ 04.02. "(_oneretean_!.MAner_JA_t, regates" (ASTM 1991). ASTM test
methods and practices that are used and applicable to Hanford Site CERCLA
investigations are listed in Tables 3-1 and 3-2. These were reviewed to determine if
ASTM has established specific precision and bias values. The ASTM has published
precision values for Standards D 854-91 and D 2216 (Volume 04.08) and Standards C
117-90, C 127-88, C 128-88, and C 136-84 (Volume 04.02). The ASTM has not published
any values for method-specific bias for any of the standards in Volumes 04.02 or 04.08
that are used at the Hanford Site.
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Table 3-1. ASTM Standards from Volume 04.08 Utilized in Hanford Site
CERCLA Investigatiom for Determination of Physical Properties.

(ASTM 1992)

D 421-85 Practice for Dry Preparation of Soil Samples for Particle-Size
Analysis and Determination of Soil Comtants

D 422-63(1990) Method for Particle-Size Analysis of Soils

D 854-91a Test Method for Specific Gravity of Soils

D 1140-54(1990) Test Method for Amount of Material in Soils Finer than the No.
200 (75-pm) Sieve

D 2216-90a Method for Laboratory Determination of Water (Moisture) Content
of Soil, Rock, and Soil-Aggregate Mixtures

D 221.7-85 Practice for Wet Preparation of Soil Samples for Particle-Size
Analysis and Determination of Soil Constants

D 2325-68(1981) Test Method for Capillary-Moisture Relatiomhips for Coarse- and
Medium-Texture Soils by Porous-Plate Apparatus .

D 2434-68(1974) Test Method for Permeability of Granular Soils (Comtant Head)

D 3152-72(1977) Test Method for Capillary-Moisture Relationships for Fine-Textured
Soils by Pressure-Membrane Apparatus

D 4373-84(1990) Test Method for Calcium Carbonate Content of Soils

D 4525-90 Test Method for Permeability of Rocks by Flowing Air

aASTMhas established data on precision of this standard.
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• Table 3-2. ASTM Standards from Volume 04.02 Utilized in Hanford Site
CERCLA Investigations for Determination of Physical Properties.

(ASTM 1991)

C 117-90a "'est Method for Materials Finer than 75-/_m (No. 200) Sieve in
Mineral Aggregates by Washing

C 127-88a Test Method for Specific Gravity end Absorption of Coarse
Aggregate

C 128-88a Test Method for Specific Gravity and Absorption of Fine Aggregate

C 136-84aa Method for Sieve Analysis of Fine and Coarse Aggregates

aASTM has established data on precision of this standard.

4.0 WHC PROCEDURES

WHC procedures that apply to collection of samples for physical parameter analy-
sis are the environmental investigation instructions (EII) (WHC 1988). EH applicable to
sampling end analysis of softs for determination of physical properties include:

• EII 1.5 - Field Logbooks
• EH 1.7- Indoctrination, Training, end Qualification
• EH 5.1 - Chain of Custody
• EH 5.2 - Soil end Sediment Sampling
• EH 5.4 - Field Decontamination of Drilling, Well Development and

Sampling Equipment
• EH 5.7A- Hanford Geotechnical Sample Library Control
• EH 5.11 - Sample Packaging and Shipping
• EH 9.1 - Geologic Logging
• EH 14.1 - Analytical Laboratory Data Management."

The above EH provide adequate QA/QC for sampling, handling, and shipping of
samples for physical parameter measurements. However, EH 14.1, .Analytical Laboratory_
Data Managemfn_ may not be entirely applicable to management of geotechnical
physical parameter data.

The onsite analyses of samples for physical parameters are conducted in
accordance with the Geotechnical Engineering (GE) Procedures Manual (WHC 1991),
which is subordinate to the EH manual (WHC 1988). The GE procedures manual does
not address laboratorychain of custody and record keeping from sample receipt through
to sample disposition at the end of testing. Four of the GE procedures: GEL-04,

8
-
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Rev. 1; GEL-22, Rev. 0; GEL-23, Res,. 0; and GEL-27, Rev. 0; reference
Assuranc¢ Plan for Geotechnical Engin¢¢ring for OA requirements. However, that
document does not exist. In the four GE procedures, references to the OA plan for GF.
should be deleted and OA requirements revised. The other 25 GE procedures by WHC
(1991) refer to EII 1.5, Field Logbooks, EH 1.6, Records Management, and GEL-01,
Geotechnical Engineering Laboratory_Control for OA requirements. The OA
requirements section of the GE procedures should be updated to include the following:

• EH 5.1 - Chain of CXtstody
• EH 5.7A- Hanford Geotechnical Sample LibraryControl
• WHC-SD-EN-QAPP-002 - Environmental Technology Group Solids

Characterization and Barriers Laboratory Quality Assurance Project Plan"
(WHC 1992).

Chain of custody, sample and data flow, sample archival and disposal are
addressed by WHC (1992) by reference to EH.

The GE procedures that address physical parameter testing often reference
ASTM Standards from Volume 04.02, Concrete and Mineral Aggregates, not
Volume 04.08, Dimension Stone, S0il and Rock, Geosynthctics. It may be appropriate to
conduct a technical assessment and determine if ASTM Standards from Volume 04.08
should be used in the future.

5.0 CONCI_SIONS

The Region 10 EPA policy regarding QA/QC for sampling, handling, and analysis
of physical parameter samples is to use standard methods, such as ASTM, and perform
duplicate analyses for moisture content analyses.

There are no sample preservation requirements identified for the physical
parameter samples except for samples that will be analyzed for moisture content.
Samples that will be tested for moisture content must be sampled, handled, and
packaged to prevent desiccation. There are no holding time requirements for physical
parameter samples.

QC samples, i.e., replicate samples are recommended (EPA 1984) in the
determination of physical parameters. At Fairchild AFB, field duplicates will be
collected from soft borings at a 25% frequency for analysis of bulk density and grain size
(Halliburton NUS 1991b). Field duplicates will not be collected from Shelby tube or
from test pits samples (I-IalliburtonNUS 1991b). At Fairchild AFB, duplicate samples
will be analyzed on a 10% frequency when ASTM D 2216 percent moisture analyses are
performed. Acceptance criteria for the data are stated as "precision within current
control limits" (Halliburton NUS 1991a).

9
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. Specific guidance on ana_lyticalprecision is available for six ASTM test methods.
General guidance for the number of samples needed for a particular confidence level
and precision is provided by EPA (1984). The WHC EH (WHC 1988) provide adequate
QA/QC for sampling, handling, and shipping of physical parameter samples.

The Geotechnical Enoneering Procedures Manual (WHC 1991) should be
evaluated regarding laboratory chain of custody, scheduling of sequential analyses on
individual samples, laboratory sample tracking, and use of ASTM Standards intended for
aggregate in the analysis of soils. References to WHC-EP-0362, which does not exist, in
the Geotechnical Engineering procedures, should be deleted and the QA re.]uirements
section of the procedures revised accordingly.
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, SIml:ilng lind AnalysisPlan
Pl_e 22 of 119

TA|LE 1.5.2
SNqPL| CCNTAINEllS,PRESI[RVATIONIqETHQOS,ANOHOLDINGTIRES ($Oll.)(I)

FAIRC:HELDAFB
i .inll I

CCIITALIIl[l SANPLI[ PIU[SIER- IIOLD|NG
NIETHOD PAIANETEII MATERIAL VO£UNE VATION TIRE

i i

S",d8240 VOCl Vlcle-muth sties jar 120 aL 4 C l& cloys
with Taftan-tlnecl tld (& oa)

(b)

SI427_ Smivotet(tn Vials-mouth slain jar 120 mL & ¢ Extract 7'
vlth TefLon-Iliad Lid (& ox) ayl; anaLyze

(b) 40

SldiOiO Ptiticldei/ Vide-mouth Still jar 120 mL & C: |xtrect 7
Pc:li iilth TefLon-Lined tld (4 sz) ciy_| mnatyzs

(b) &Odays

EPA418.1 Petrote_Jm GLass 240 mt & ¢ 28 days
,_rocert_nm (8 sz)

S"dG010 XetlLs Vide-mouth Steel jer 240 mL & ¢ 6 Ionths
(eXClqDt HS) tdath TefLon- t Irwcl tid (8 sz)

$'dT&71 HS Vtde-llouCh steel jet 2&Omt 4 C 28 deyl
iilth Tlftan-tlnul tid (8 oi)

SVT42Q Leed Vide-mouth steee jet 240 mL 4 C: 6 months
utth TefLon-tined tid (8 ix)

lift, lO Cymide Grace 8 is 4 C: l& days

Fed Sesletir TC:LP GLees 32 at & C (¢)
VoL 51, NO,
114, 13 Jun 66

ASTN04222 Grain SIxo GLass 32 ox None None

29-3,5.3 (d)/ TOC/ GLees 8 it 4 C: 28 clays
EPA351.3/ [jeLdeht-N
EPA350,2/ JUmonti-If
E365.2 Total P

Chapter 9 BuLkOlmsity GLme8 32 sz lione None
(d)

MIO0 Porumml t I ty SheLby, Tube .... Uone ....

ASTM04318 Atterbers SheLby Tube .... None Mane
LIaltl

ii) Feai IIIP JVtety1[t©lL ProtocoLe, Merdt 1988
(b) Amber illite contain@Pe era mad or containers irs urlqxd in 1ttamtu fol L.
(c) TC:LPhoLding times VOC8 o 14 _ to TCLPExtraction, l& clelm from

oxtriction to imetysls.
Semi VOCs - l& days to TCLP extraction: 7 cloys frm TC:LPto prelmretive
extraction; tO _ from prqmritive extraction to enoLyeie
I_tete - 180 day1 to TCLP ixtracttan; 180 days fraa TCLPextraction
to enotyele
Mercury - 28 deyI to TCLPextraction; ZI ckw11from TC:LPextract|on
to onmtyete

(d) I_thOCR Of Soil AMLylItef mriclm Society of Arsrm_W

A-3
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WASHINGTON
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Building 52, Suite 250
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DECEHBER1990

DRAFT

PREPAREDFOR:
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COI4HANDSURGEON'SOFFICE (SAC/SGPB)
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Table A-2

' Analytical Ida&hodsand Analyses Per Area

i i

WATERSA_LE

PkqAIIETE]_S IETHOO(a) I5-3 S11-6 $11-10 S11-11 Sll-12 SW-13

ii mi

VolaSile Organics SIIS030/$118240(b) X - X X - X

Sui-Volati ie Organics S|3S101S118270 X - X X - X

Petroleum Hydrocarbons E416.1 X - X X - X

Oil and Grease 1:413.2 - - X X - X

Tot,al Disolvod Solids E160.1 - X ....

liel;als Analyses (c) SI300S/S|6010 - - X X - X
Pb 51300S/SI7421 - - X X - X
Cd SI3005/SI7131 ......

Gross Alpha i Gross Beta A703 - X ....

(Tot,al, suspended,and dissoivod)

Teeperat.ure E170.1 X X X X - X

Conductance E120.1 X X X X - X

pH F.t50.1 X X X X - X
i ii

SOIL I_ SE1)II_T S_llq.E

P_J_U_'TE_
i i i

Aromatic k Halogenar,ed _OCe S|8240 X - - X - -

Seni-VOCs 3SS0/8270 X .... X

Pe&relaue Hidrocarbone SII3S50/E418.1 X - - X - X

OIl and Grease SB3SSO/E413.2 - - - X - -

Lead 51130501S|7420 ......

TCLP (d) ..... X

Soil Iloiature Content. ASTII022111 - X - X o X

GrossAlpha & Gross Beta ASTII96438 - X ....

i i |

(a) Oa&ecn.ionlimits are specified in the Sampling and Analysis Plan.
Liei&a are Seethedde&mc&ionl ici&us'determined by the laboratory in accordance vi&h

the EPAprocedurepublished in &.heFEDERALREGISTER,VOL. 49, NO. 20g, 26 OCTOUI_1984, po. 199.

(b) Second-columnconfireat, ion on samplesvit, h a firm&-column detect, ion up Lo SOSof t,oLOl samples.

(c) Ilmr,als analyses =iii include unfilLored samplesonly.
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