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NOTICE

This manual is considered the final version of EPA’s guidance on unsaturated
zone monitoring at hazardous waste land treatment facilities. It is intended to
be used by permit applicants and permit writers as an aid to comply with RCRA
Subtitle C monitoring regulations for hazardous waste land treatment units. This
guidance is not intended to mean that other designs and equipment might not also
satisfy the regulatory standards. This manual has undergone extensive public
review and this final version reflects and incorporates the comments received
which include cements from both major universities and oil companies. This
manual is intended to be a technical aid. It is not Intended to present official
policy or supersede any regulations relevant to unsaturated zone monitoring at
hazardous waste land treatment facilities. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.
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PREFACE

This manual provides guidance on unsaturated zone monitoring at
hazardous waste land treatment units for use by permit applicants and permit
writers in developing effective monitoring systems to comply with the Part 264,
Subpart M regulations. This manual covers both soil core and soil pore-liquid
monitoring, and addresses equipment selection, installation, and operation,
sampling procedures, chain of custody considerations, and data evaluation. The
installation and sampling procedures are presented in a step-by-step format so
that the manual may be more readily used by field personnel .

Subtitle C of the Resource Conservation and Recovery Act (RCRA) requires
the Environmental Protection Agency (EPA) to establish a Federal hazardous
waste management program. This program must ensure that hazardous wastes are
handled safely from generation until final disposition. EPA issued a series of
hazardous waste regulations under Subtitle C of RCRA that is published in 40
Code of Federal Regulations (CFR) 260 through 265, 270 and 124.

Parts 264 and 265 of 40 CFR contain standards applicable to owners and
operators of all facilities that treat, store, or dispose of hazardous wastes.
Wastes are identified or listed as hazardous under 40 CFR Part 261. The Part
264 standards are implemented through permits issued by authorized States or
the EPA in accordance with 40 CFR Part 270 and Part 124 regulations. Land
treatment, storage, and disposal (LTSD) regulations in 40 CFR Part 264 issued
on July 26, 1982, establish performance standards for hazardous waste land-
fills, surface impoundments, land treatment units, and waste piles.

This manual and other EPA guidance documents do not supersede the regula-
tions promulgated under RCRA and published in the Code of Federal Regulations.
They provide guidance, interpretations, suggestions, and references to addi-
tional information. Also, this guidance is not intended to mean that other
designs might not also satisfy the regulatory standards.
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EXECUTIVE SUMMARY

This manual provides guidance on unsaturated zone monitoring at hazardous
waste land treatment units. The manual will be useful to both owners or
operators of hazardous waste land treatment units and officials in implementing
the unsaturated zone monitoring requirements (q264.278) contained in the
hazardous waste land treatment, storage, and disposal regulations (40 CFR 264,
July 26, 1982). After summarizing the regulations, the manual identifies other
available sources of guidance and data on the subject. Complete descriptions
for Darcian and macro-pore flow in the unsaturated zone are given.

Soil core monitoring equipment is divided into hand-held samplers and
power-driven samplers. Specific descriptions for screw-type augers, barrel
augers, post-hole augers, Dutch-type augers, regular or general purpose barrel
augers, sand augers, mud augers, in addition to tube-type samplers, including
soil sampling tubes, Veihmeyer tubes, thin-walled drive samplers, and peat
samplers, are provided. Power-driven samplers, including hand-held power
augers, truck-mounted augers, and tripod-mounted power samplers, are described.
Procedures for selecting soil samplers, site selection, sample number, size,
frequency and depth, sampling procedures, decontamination, safety precautions,
and data analysis and evaluation are presented.

Complete descriptions for soil pore-liquid monitoring are provided.
Relationships between soil moisture and soil tension are fully described. Soil
pore-liquid sampling equipment, including cup-type samplers, cellulose acetate
hollow fiber samplers, membrane filter samplers, and pan lysimeters are pre-
sented. Criteria for selecting soil pore-liquid samplers, site selection,
sample number, size, frequency and depth, installation procedures, and opera-
tion of vacuum-pressure sampling units, are presented. Extensive discussion of
special problems associated with the use of suction lysimeters are included.
Descriptions are provided for pan lysimeter installation and operation, includ-
ing trench lysimeters and free drainage block glass samplers. A discussion is
provided of soil pore-liquid data analysis and evaluation.
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SECTION 1

iNTRODUCTION

The purpose of this document is to provide guidance on essential ~lements
o? finunsaturated zone monitoring program and to assist individuals in develop-
ing and evaluating these programs. The scope of this document covers unsatura-
ted zone monltorjng at hazardous waste land treatment unit?,. This guidance
will be useful to both owners or operators of hazardous waste land treatment
units and officials in implementing the unsatur~ted zone monitoring require-
ments (5264,278) contained in the hazardous waste land treatment, storaq~, and
disposal regulations (40 CFR Part 264).

This report stresses the selection and application of unsaturated z~ne
monitoring equipment. Both soil core and soil pore-lfquid monitoring equipment
are highlighted. Sampling protocols, including samplir@ design, frequency}
depth, and sample number, are also presented. These protocols (with minor
modifications) are derived from guidance prev~~:~sly issued by EPA (EPA, 1983a;
EP4, 1983b). These protoc~ls, whi 7 rtqm!sent interim guidance, are currently
being evaluated in EPA’s research program.

Land treatment. is a viable management practice ‘fortreating and disposing
of some types of hazardous wastes. Land treatment irrvolves$he application of
waste on the soil surface or the incorporation of waste into the upper layers
of the soil (the treatment zone) In order to degrade, transfw’w, or immobilize
hazardou< constituents present in hazardous waste. The unsaturated zone
monitoring program must include procedures to det,actboth slow movlncj hazard~us
constituents as well as rapidly moving hazardous constituents. This i!! pest
accomplished through a monitoring program including both soil core and soil
pore liquid monitoring. Roth soil core monitoring, and soil pore liquid moni-
toring in the unsaturated zone are discussed in this report. ItIaddition, the
unsaturated zone monitoring requiremwrts (5264.278) for background and a~t~~~
portions of land t,rfiatmenturrit.sare bri~fly revi~wt?d. ~rOCfXh.tT’~$ fOr randomly
determining the }acatior} of <oil core anr! pnr~-liqu~d sampling sitesin both
the background areas and ~ctive portions iire presented. Sampling depth and
frequency are fully ~valuatgd, C~nil core monitoring and po!e-liquid monitoring
equipment are described. Mlrwt.ion criterio fcir ea~h of the monitoring appar%-
tus arw preswrted. ThP fi~ld implementatiorr and operating requirements for
each piece of’equipment. is presented jn d step-by-step fnrmaf. Sample cullec-
tiorr, preservation, storaq~, ch(~illof custndy findsh:pping are presented.

The unsaturated zone monitoring requirements (5264,278) mentioned above
consist of performlanc~-c]riente~i‘;tat.ment$ and rules, a,ld, as a result, are
Jls.o gen~ral in nature, lhi% prnvides maximum flexibility to the uwner or
operator in des!gr~incjand t}pratirrg au unsaturated zone monitoring program.
Howev~r, the permitting nffirifil illii$~ r~nder a value ~udgment on the accepta-
blltty of the particular monitor-ing ~yr,tem design proposed for each land
treatment unit, [.PA wi$h~~s to emphasize that the specifications in this
riocument ;irt~qljidancv,nnt rerjulationsi*..==,-.<-.’ ... ......
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Although rrQt adt+wssed in this document, groundwater monitoring is also
rt~quirwi at hazardous wastE+ land treatment, units. Requirements p:?rtaining to
~rnundwat.ermonitoring are pravided in Subpart F of Part 264.

i,! ORIEF $UM~A~Y OF REGULATIONS

Under the authority of %btltl~ C of the Resburce Conservation and Reccrv-
f’ry Act. (RCFM), EPA pr~mulg{lted interim-final regulations for the treatment,
>f;{}r~q~), and disposal of hazardous waste in land disposal facilities o~ !July
?b, 1982 (40 CFR, Part 264). included in these regulations were standards
,ipplicdble to hazfirdouswaste land t~eatment units. Section 264.278 of these
requlaticns requires that all land tre~trnerrtunits have an unsaturated zone
monitoring program that is capable of determining whether hazardous ccmstitu-
{~nt~have migrated below the treatment zone. Appendix C contains a reprint of
th~’5264.278 regulations and supporting preamble. The monitoring program must
include both so~l-care and soil-pore liquid monitoring, Monitoring for hazard-
ous coristituents must be performed an a background plot (until background
levels are established) and immediately below the treatment zone (active
p~rtion), The ntimber, location, and depth of soil-core and soi’1-pore liquid
‘,amples takeri must allow an accurate indication cif the quality of soil-pore
Iiquld and soil below ,the treatment. zone and in the background area. The
rpqul(~tinns require that background values.for soil-pore-liquid be based on at
least quarterly sampling for one year on the background plot, wh~reas back-
ground soil core sampling values may be based on one-time sampling. The
Frequency and timirrgof soil-core and soil-pore liquid sampllng on the active
portions must be based on the frequency, time and rate of waste application,
proximitv of the treatment zone to groundwater, soil permeability, and amount,
nf pr~tiipitation. The Regional Administrator will specify in the facility
pernit the smpl~rIg and analytical procedures to be used, The owner or opera-
tor must also determine if statistically significant increases in hazardous
constituents have occurred below the treatment zone. The r~gulations provide
the option of monitoring for selected indicator hazardous constituents, refer-
red hereafter as “principal hazardous constituents (FWCS),” in lieu of all
fiazardousconstituents.

1.2 OTHER AVAILABLE GUIDANCE

Four EPA documents ~re available which complement ’the material in this
document on urisaturate~ zone monitoring. Hazardous Waste Land Treatment
(SW-874) (EPA, 1983a) provides information on site selec~on~ waste charac-
terization treatment demonstration studies, land treatment unit design,
operation, monitoring, closure, and other topics useful for design and manage-
ment of l~nd treatment units. Test Methods for Evaluating Solid waste (SW-846)
(EPA, 1982b) provides procedures that.may be used to evaluate = characteris-
tics of hazardous waste as defined in 40 CFR Part 261 of th~ RCRA regulations,
The manual encompasses methods for collecting representative samples of solid
wastes, and for determining the r~act,ivity, corrosivity, ignitability, and
composition of the waste and the mobility of toxic specfes present in the
waste. The RCRA Guidance Document: Land Treatment Units (EPA, 1983b) identi-
fies specifi~ designs and op~ratfti~~ procedures thtit

——
EPA b~lieves accomplish

the performance requirements in RCRA !iections 264,272 (treatment demrrnstra-
tion}, 264.273 (design and operating requirements),
monitoring), 264.280 (closure ~nd post-closure care).
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A state-of-th{?-art doc~ment entitled ~~close,Zone Monitoring at Hazardous
Waste Sites (Everett et al,, 1983) describes the app~mty ofiadose ~~ne
=o~techniques to h~zardous waste site invertiqations. Physical, chemi-

zoni ~onit~ri~g abe-de~cri&e~, ~adose-zone monitoring tmhniques are categori-
zed for premonitorins~ active, and post-closure site assessments. conceptual
vadose zone monitoring approaches arfi developed for specific waste disposal
units including waste piles, landfills, impoundments, and land trecitment units.

1.3 SOURCES OF OATA

The main source of soils data is the Soil Consc!rvation Servi~@ (Ma~ont
1982]. This Federal agency has offices in each county and also has a main
office for each state. The soil survey reports that ~re produced by the agency
provide maps, te%tur~l, drainage, erosion, and agricultural information. In
addition to the soil survey reports, each co~nty office usbi311y has aerial
photographs that provide general information on th~ soils In a particular area.
A local soil scientist often can prcwick detailed information on the area
around the site.

A second source of soils data can often be obtained from the agricultural
schools in each stat~. The Agronomy or Soils 13epartments often have valuable
information that is pertinent to the land treatment site. Access to this data
can usually be obtained by contacting the department head or by contacting the
State Cooperative Extension Service office located on the campus Qf the
university,

A third source of information on’soils in an area is found in County and
State Engineering Offices and in the Department of Transportation or Highway
ilepartmen~s of the states., Local drillers that have worked on construction
projects or have drilled wat~r wells in the area can often prov~d~ .,~nformation
on the soils and a?so on sources of information about an ‘a.r~a.

Regardless of the source of historic data, however, a recent detail~d
assessment of the soils at the particular site should be made by a qualified
soil scifintist. This will accourlt for any changes that may have occurred at
th~ site over the years, and provide the necessary d~tail to evaluate local
soil conditions.
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SECTION 2

UNSATURATED Z(INEDESCRIPTION

Monitoring is carried out at hazardous waste land treatment units for two
primary reasons: (1) to assess the efficierrcy of the soil processes that
degrade Incorporated wastes} and (~) ~0 rj~~ec~ the mjgrat~on ~f ha~ard~us

constituents beneath the trea{ t zone, The “treatment zone” refers to the
area in which all degradati~,., tr-~nsfornratlon,
(EPA, 1982a).

or’ immobilization must occur
The maximum depth of this zone must be no more than 1,5 m

(5 feet) from the Init-ial land surface and at least 1 m (3’feet) above the
tcascn~l high water table (EPA, 1982a).

The g~ologlca? profile extending from ground surface (including the
t.reatrnent rone) to the upper surface of the principal water-bearing formation
is called the vadose zone. As pointed out by Ekmwer (1978), the term “vadose
zone” is preferable to the often-used term ‘Unsaturated zone” because saturated
regions are frequently preserlt in the vaciosezone. The term “zcineof aeration’t
is aiso often used synonymously. In this report we shall use the term
“unsaturated” to be consistent with the ?mpminoloqy used in the regulatitms.
Davis and De Wiest (1966) subdivided the unsaturated zone into thrse regions
desig~ated as: the soil zone, the intermediate unsaturated zone, and the
capillary fringe (Figure 2-l). .

?.1 SOIL 10NE

The surface soil zorre is generally recognized as that region that mani-
fests the effects of weathering of native geological material. The movement of
water in the soil zone occurs mainly as unsaturated flow caused by infiltra-
tion, percolation, rudistribution$ and evaporation (Klute, l~65)i In some
soils? primarily those containing horizons of low permeability, such as heavy
clays, saturated regions may develop during waste spreading, creating shallow
perched water tables (Everett, 1980).

The physics of unsaturated soil-water movement has been intensively
studied b,y soil physicists, agricultural engineers,. and microcl imatologists.
In fact, copious literature is available on the subject in periodicals ‘(Journal
of the Soil Science Society of I’Irnerica,Soil Science) and books (Childs, 1969;
Kirkham and Powers, 1972; Hillel, 1971, Hillel, 1980; Hanks and Ashcroft
1980). Similarly, a number of published references nn the theory of flow i;
shallow perched water tables are available (Luthin, 1957’; van Schilfgaarde,
1970), Soil chemists and soil microbiologists have also attempted to.quantify
chemical microbiological transformations during soil-water movement (Bobn,
McNeal , and ~’COnnOr, 1979; Rhoades and Bernstein, 1971; Dunlap and McNabb,
l!173).
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Weathered materials of th~ soil zone may gradually merge with underlying
d!?p(?tit.r, which are generally unwe~thered, comprising the intermediate unsat-
urated rone. In some regionz, this zone may be practically nonexistent, the
~,rll1 zone merging directly with bedrock. In alluvial deposits of western
valleys, however, this zone.may be hundreds of feet thick. Figure 2-2 shows a
geoloqic cross section -through an unsaturated zone in an al?uvial basin in
California. By the rrature of the ~Wgcesse~ by which such a~lUVjUtll ~S laid

down, this zcm! is unlikely to be uu{form throughout, but may contain micro- or
m~crolenses of silt% and clays interbedding with gravels. Water in the inter-
m~’cliateunsaturated zone may exist primarily in the unsaturated state, and in
regiofls receiving little inflow from above, flow velocities ma? be negligible.
Perched grourtdwater, however, ma,Y develoP in the interfac~al deposits of
reqions containing varying textures. Such perching layers may be hydraulically
coi~n~ct.edto ephemeral or perennial stream channels so that, r~spect~vely~
t.mporary nr permanent perched wat~r tat,les may develop, Alternatively,
~aturat.i!dconditions may develop ~s ~ result of dehp percolation uf water from
the soil zone during prolonged surface application. Studies by McWhorter and
Hroakmiin (1972) and Wilson (1971) have shown that perching layers i@rcePtin9
downward-moving water may transmit the water laterally at substanti~l rates.
ThLIs, these layers serve ~s undergrourld spreading regions transmitting water
iater~lly away from the overlying source area. Eventually, water leaks ctown-
ward from these layers and may intercept : substantial area of the water table.
Because of dilution and mixing below the water table, the effects of waste
spreading may not be noticeable until a large volume of the aquifer has been
affected.

The number of -studies on water movement in the SOII zone greatly exceeds
the studies in the intermediate zone. Reasoning, from Qarcy’s equation, Hall
(1955) developed a number of equations to characterize mound (perched ground-
water) development in the intermediate zone. Hall also discusses the Rydraulic
energy relationships during lateral flaw in perched,groundwat~r. Freeze,(1969)
attempted to describe the continuum of flow between the soil surface ~nd
underlying saturated water bodies. Bear et al, (1968) described the requisite
conditions for perched groundwater formation when a region of higher permeabil-
ity overlies a region of lower permeability in the unsaturated zone.

2.3 CAPILLARY FRINGE

The base of the unsaturated zone, the capillary fringe, merges with
underlying saturated deposits .of the principal water-bearing formation, This
zone is not characterized as much by the nature of geological materials as >y
the presence of water under conditions of saturation or near saturation.
Studies by Luthin and Day (1955) and Kraijenhaff van deLeur (1962) have shown

that both the hydraulic conductivity and flux may remain high Yor some,vertical
distance in the capillary fringe, depending on the,nature of the materials. $ In
general, the thickness of the capillary fringe 1s greater In f!ne materials
than in coarse deposits. Apparently, few studies have been conducted on flow
and chemical transformations in this zone. Taylor and Luthin (1969) repf~rted
on a computer model to characterize transient flow in this zone and compared
results with data from a sand tank model, Freeze and Cherry (1979) indicated
that oil reaching the water table following leakage from a surface source

6
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Figure 2-2. Cross section ‘through the unsaturated zone (vadose zone)
and groundwater zone (Ayers and Branson, 1973)
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flows in a lateral direction within the capillary fr’ingein clos~ Pr~xirnit.Yto
th~ water table. Because oil and water ar~ immiscible, oil dms nnt p~rr~trate
b~low the water table, although some dissolution ma,yoccur.

The overall thickness of the unsaturated zon~ is not nec~ssarily constant.
i-or exampl~$ as a result of r~chiirge at a water tablp durinq a wirste disposal
np~r~tion, a mound may d~velop throughcrut the capillary fring~ ~xtendirrg into
!he intermediate zone. Such mounds hav~ b~en observed during recharg~ studi~s
!~’.q.,Wilson, 1971) find ~ffort.s have been made to quantify th~ir growth and
dissipation (Hantush, 1?67; Bouw~r, 1978).

As ;Ilready indicated, the st~t~ of knowlpdge of water movement and ch~mi-
cfil-microbiological transformations is greater in the soil zone than elsewhere
in th~ Unsaturated zone. R~novat.ion of applied wastewat.er occurs prim,irily in
the soil zone. This observation is born~ out by the w~ll-known studies of
McMichael and McKee (1966), Parizek et al. (1967), and Sopper and Karclos,
(1973). These studies indirat~ that the soil is esswrtially a “living filter”
that effectively reduces certain microbiological, physical, and chemical
constituents t~ saf~ levels after passage through a relatively short distance
(Pg., Mill~r, 1973; Thomas, 1973). As a result of such favorable obs~rva-
tions, a certain cowlac.ency may have dev~loped with respect to the need to
monitor only,in the scil zcm.

Dunlap and McNabb (1973) point out that microbial activity may be signifi-
cant in th~ regions underlying th~ soil. Th~y recommend that investigations be
conducted to quantify the extent that such activity modifies the nature of
po?l:]~arl?stravelling’fhrough the int~rmediate zone.

For th~ soil zonp, numprous analytical t~chniqu~s were compiled by Black
(1965) into a two-volume seri~s entitled “Methods of Soil Analyses.” Monitor-
ing in t.h~ int~rmediate zone ard capillary fringe will require the ~xtension of
t~chnology developed in bnt.h the soil zone and in the groundwater zone.
Examples are already available where this approach has been used. For example,
Apoar and Langmuir (1971) successfully usPd suction cups developed for in situ
sampling of the soil solution at depths up to 50 feet IW1OW a sanitary~
fill. J.R. Feyer (personal communication, 1979) reported that suction cups
were used to sarnpl~ at d~pths great~r than 100 feet below land surface at
cannery and rnck phosphat~ disposal sit~s in California.

?.4 FLOW REGIMES

Both soil-core and soil pore-liquid monitoring are required in the unsat-
urdtpd zone. These two monitoring proc~rlures ,~rp intended to complement on~
~noth~r, Soil-corP nronit.oring will provid~ irlformat,ion primarily on th~
movement crf “s”lower-rmoving” hazardous constitu~rrts (such as’ heavy metals),
whereas soil pore-liquid monitoring will pmvid~ additional data on the move-
ment. nf first-moving, highly soluhlp hazardous constituents.

Curr@nt Literature on soil water movement in the unsaturated zone ales-”
f;ribestwo flow regimes. thp classical wetting front infiltration of Bodman and
Colman (1943) and a t,ran~port ph~rrom~na label~d iis flcrw down macropore, non-
capillary flow, subsurface storm flow, chflnnrl flow, irnd other descriptive
names, but. hpreaft~r r~ferr~d to as rni~cropore flow. The classic~l conc~pt of
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infiltration depicts a distin~t; somewhat ur~if~rm~‘etting ‘rQnt ‘low!y adva’!-
cing in a Darcian flow regime after a precipitation event. The max?muin soIl
moisture content aPProa~he~ field CaLIaCitY’ Conterilporarymodels combine this
classical concept wftb the macropore flow ~hwmmena.

2.4.1 !3arci~nFlow

The fundamental principle of unsaturat~ed and saturated flow is
ldw. 1:1 1856 Henry Darcy, in ~~treatise?on water supply, reported on
ments of the flow of water through sands. He found that flows were
tional to the head loss and inverselv c)rocrortionalto the thickness

Darcy’s
experi-
propor-
of sand

trfivfirsedby the water. Considering cj&eralized sand column with a flow rate Q
through a cylinder of cross -sectional area A, Darcy’s law can be expressed as:

Q++

More generally, the velocity

(2-1)

(2-2)

where dh/dL is the hydraulic gradient. The quantity K is a proportionality
constant known as the coefficient of permeability , or hydraulic conductivity.
The velocity in Eq. (2~2~an apparent one, fined in terms of the dis-
charge and the gross cross-sectional area of the porous medium. The actual
velocity varies from point to point throughout the column.

Darcy’s law assumes one-dimensional, steady sL~te (onditions and is
applicable only within the laminar range of flow where res’istlve forces
govern ‘low. As velocities increase, inertial forces, and ultimately turbu-
lent flows, cause deviations from the linear relat+on of Eq. {2-2). Fortun-
ately, for most natural groundwater motion, Darcy’s law can be applied in the
equation of continuity.

2.4.2 Macropore Flow— .—

T~e m~cropore flow phenomena involves the rapid transmission of free
water through large, continuous pores or channels to depths grea,ter than one
would expect if flow==y distributed. it is important to note that
this secondary porc~sity is made up of continuous fractures or fissures and
should not be confused with flow through large porous media’ The observation
that a significant amount of water movement can occur in soil macropores was
first reported by Lawes et al, (1882). Reviews of subsequent work are
provided by Whipkey (1967) and ‘Thomas and Phillips (1979). Macropore flow
can occur in soils at moisture contents IFIS:than field capacity (Thomas et
al., 1978). The concept of field capacity, however, is not relevant to this
type of flow regime, The depth of macropore flow penetration is a function
of initial water content, the intensity and duration of the precipitation
event and the nature of the macropores (Aubertin, 1971; @isenberry and
Phillips, 1976}. Fhcropores need not exterrd to the soil surface for flow
down to occur, nor need they be very large or cylindrical (Thomas and
Phillips, 1979). Exemplifying the role of macrnpores, Bouma et al. (1979)
reported that planar poro~ with an effectiv~? width of 90 vm occupying ~
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volume of 2.4% were viqri~Y ‘@sPQn~~ble ‘or a relatively high hydraulic
conductivity of 613cm day in a clay soil+ Aubertin (1971) found that water
can move through macropores very quickly to d~pths of ~U m CI~m~~e in.~~~Pi~9
forested soils. Liquid moving i!] the macropore flow reg~me, ls llkely LO
bypass the soil solution in in~raped or matrix pores surround~llg the macro-
pores and result in only partial displacement ?r dispersion of dissolved
constituents (@isenberry and Phillips, 1978; MIIcI, 1972; Shuford et al.,
1977: Kissel et al., 1973; Bouma and Wosten, 1979; Anderson and Bouma, 1977).

The current concept of infiltration in well structured soils combiries
both classical wetting front mr)vwvent and macropore flow. Aubertin {1971)
found that the bulk of the soil surrounding the macropores was wetted by
radial movement from the macropoves $ometirne after macropore flow occurred.
A number of researchers have pr~~ented mathematical models in an attempt to
explain the macropore flow phenomena (Beven and Germann, 1981; Edwards ~t
al,, 19’79; Hoogmoed and Bouma, l~8u; Skopp et al., 1981).

Thomas and Phillips (1979) Iist[zdfour consequer:ces uf rapid macropore
flow:

(i) Thi value of a rain or irrig~tion to plants will general-
ly not be so high as anticipated since some of the water
may move below the root zone,

(ii) Recharge of groundwater and springs can begin long before
the sail reaches,field capacity.

(iii) Some of the salts i~ tne surface of a soil will be moved
to a much greater depth after a rain or irrigation than
predicted by piston displacement. On the other hand,
much of the salt will be bypas~ed and remain near the
soil surface.

(iv) Because of this, it is not likely that water will carry a
surge of ccmtaminants.to groundwater at the same ‘Aime
that is predictable by Darcian theory.

The occurr~n~e of macropore flQW p0Se5 serious implications for unsatura-
ted zone monitoring and the protection of groundwater from the land treatment
of hazardous wastes. The first implication is that contaminated water will
flow rapidly t.hro(ighthe’ treatment zone and not receive full treiitment. Uqder
this short circuit scenario groundwater contamination i~ probable.

8ecau~e of the above concerns, the extent of rnacropow flow within the
treatment zone of the proposed land treatment >itc should be fully evaluated in
the treatment demonstration, which i~ requir~d for all land treatment units in
5~~4,z72 of the r~qu]atior)s. ThiL m~y be accomplished through a monitoring
program including b;t.h suction and pan-type Iysimetx?rs, This evaluation will
a~si~t in determining the accept.~lbility Of the ~it~: for land treatm@nt and in
defining the most, ,~ppropriate ~nil pore-liquid monitoring app<roach for ,that
site, Owners and Op[’rater?,of \ites at wh}ch macropore flow 1s the dom~nate
flow r~gime may be un(~ble t.o demonstrat~ succ~ssful treatment within the
treatment tone.
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SECTION 3

SOIL-CORE MONITORING

;entative
at land-
samples

ling are..
[iivid~~d ir;to twt; genera? group~t niime1y: (1) those sampldrs used in conjur;c-
tion with multipurpose or a~.~q~rdrill rigs ?nd (~) those samplers used ~n
conjtinction with hand-operated drill~ng devices. In most cases, the hand-
(lp~r,~t.eddrilling device is c~l~othe sampler+

,3.I,L Sam@in~~th MultipurpOs~! Drill Pis__,..__-..—..—--..... —- —-— —. .

for IIIOStcircumstan~es the use of hollow-stei!l augers Witil some type Of
(v] indrical sampler will provid~~ (+ greeter Ievpl of assurance that the sol1
h(~inqz;amDledwithin the unsaturated soil zone was not carried downward by the

lme sittidtions, such ds sampling
qround, the u:;e of multipurpose
‘FOr ~or,le”geologic circumstances

de an adequate drilling method.

Rigs--
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f’?qllr”p3-;’. Drillinq find sampling with hollow-stem augers
(Courtesy Centr~l Mine Equipment CCI.)
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Figure 3-4, Continuous flight auger dril,lingthrough coring material
(Courtesy Central Mine Equipment Co. )
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Figure 3-6A, Shelby tube with acetal plastic soil seal inserted
(Courtesy Acker Ori-llCompany, Inc.)

f

Figure 3-6B, Trimming tool, applicator rod, and sefiiswith
cut-away view of soil seal in place
(Courtesy Acker Drill Company, Inc.)
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3.1.1.5.2 Split-barrel drive samplers-- A split-barrel drive sampler consists
of two split-barrel drive shoe and a sampler head containing a ball
check valve, all of w;i%s;r~ threaded together for th~ sampl~r ~ssemblY~ The
most.common SIZP has a p In. OD and a 1.5 in.111 split barrel with a 1,375 in.
IIIdrive shoe, This sampler is usfId extensively in geotechnical exploration
(Refer+ to ASTM !31586). Wh~n fitted with a 16 gag~ liner, the sampler hfis a
1.375 in. JD throughout. A 3 in. 00 x 2.5 in. Illsplit-barrel sampler with a
2.375 in. ID drive shoe is commonly available. Other split-barrel samplers In
the size range of 2.5 in. OD to 4.5 in. OD are manufactured but. are less
common.

3,1,1.5.3 Continuous sample tube system--Continuous sample tube systems that
fit.within a hollow-stem auger column F{gure 3-7) are manufactured and readily
available in North America. These sample barrels are typically 5 ft in length,
fit within the, lead auger of the hollow auger column and for many ground
conditions provide a continuous, 5 ft Sample. The soil sample enters the
sampling barrel as, the hollow auger column is advanced. The barrel can be
“split” or “solid” and can be uskd with or without liners of v’ariousmetallic
and non-metallic materials. Clear “plastic” llners are often used. Usually
two 30-i~ch liner sect~ons are used.

3.1,1.5,4 Peat sampler--At some sites, the soils may contain sufficient
erganics sue} that a peat sampler ma+yprovide an adequate ’sample. This sampl@F
consists of a sampling tube and an ,internal plunger containing a cone-shaped
point, which extends beyond the sampling tube, and spring catch at tfie upper
Pod. Prior to sampling, the unit is forced to th~ required depth, then the
internal plunger is Withdrawn by r~leasing th~ spring catch via an aGtuatin9
rod assembly. Th~ next step is to force the cylinder down and the undisturbed
soil to the requirwi depth, and then withdrawing the assembly with the collec-
t.~dsample. According to Acker (1974), the sample remov~d is 3/4 inch diametf?r
and 5} inches in length.

3.1.? Hand-Operated Drilling and Sampling Devices

Hand-operated drilling and sampling devices include all devices for
obtaining soil cores using manual power. Historically, these devices were
d~veloped for obtaining soil samples during agricultural inv$s~iga~ifln~ (e.9.>
d~termining soil salinity and soil fertility, characterizing soil texturp,
determining soil-water content, etc.) and during engineering studies (e.g.,
determining bearing capacity). For convenience of discussion, ‘these samplers
ar~ categorized as follows: (a) screw-type aug~rs. (b) barr~? augers, and (c)
tube-type samplers. hil samples obtained using either th~ screw type sampler
or barrel augers are disturbed and not truly core samples as obtained by the
?ube-type samplers. Nevertheless, the samplers are still suitable for use in
detecting the presence of pollutants. It is cliffigult to use these drilling
and sampling devices in contaminated ground witho(~t transporting shallow
contaminants downward.
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Figure 3-7. Continuous sample Lube system (Courtpsy Central
M~ne Equipment C{}.)



3.1.2.1 Screw-Type Augers--

The screw or flight auger essentially ccms~sts of a small diameter (e.g.,
lJ inch) wood auger from which the cutting side flanges and tlp have been
removed (Soil Survey Staff, 1951). The auger is welded onto a length of tubing
or rod, The upper end of this extension contains a threaded coupling fo~’
attachment to extensinn rods (Figure 3-8). As many extension rods are used as
are required to reach the total drilling and sampling depth. A wooden or metal
handle fits into a tee-type coupling, screwed into the uppermost extension rod.
During sampling, the handle is twisted manually and the auger literally screws
itself into the soil, Upon remov~l of the tool, the soi’i is retained on the
auger flights.

According to the Soil Survey Staff (1951), the spiral pa[t of the auger
should be about 7 inches long, with the distances between fllghts abomut the
same as the diameter (e.g., 14 inches) of the auger to facilitate rneastirlngthe
depth of penetration of ‘the tool. The rod portion of the auger and
sions are circumscribed by etched marks in even incr~ments (e~9**
increments) above the base of the auger.

Screw-type augers operate more favorably in wet rather \han
Sampling in very dry (e.g,, powdery) soils may not be’ poss~ble
augers.

3.1.2,2 Barrel Augers--

the exten-
in 6 inch

dry soils,
with these

Basically, barrel augers consist of a short tube or cylinder w~thin which
the soil sample is retained, Components of this sampler consist of (1) a
penetrating bitwith cutting edges, (2) the barrel, and (3) two shanks welded
to the barrel at one”end and a threaded section at the other end (see Figure
3-9) . Extension rods are attached as required to reach t}le total samPlln9
depth. The uppermost extension rod contains a tee-type coupling for attachment
of a handle. The extensions are marked in even depth-wise increments above the
base of the tool.

In operotion, the samfler is placed vertically into the soil
turned to advance the tool into the ground. When the barrel is
unit is withdrawn from the soil cavity and the soil is removed from
Barrel augers generally provide a greater sample size than the
augers.

3.1.2.3 Past-Hole Augers--

surface and
filled, the
the barrel.
spiral type

The sim lest.and most, readily available borrel auger is the common post-
hole auger ralso called the lwan-type auger, see Acker, 1974). As shown in
Figure 3-10, the barrel part of this auger i~ not complet~ly solid and the
barrel is slightly tapered toward the cutting hit, The tapered barrelmtogether
with the taper on the penetrating segment help to retain SO1lS w~thln the
barrel .

f)ill



Figure 3-8. Screw-type augerlspiral auger
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Figure 3-9, Regular auger (Art’s Machine Shop, 1982)
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3.1.2.4 Dutch-Type Auger--

The so-called Dutch-type auger is really d smaller variation of the
post-hole auger design. As shown in Figur~ 3-11, the pointed bit. is attached
to two narrow, curved body segments, welded onto the shanks. The outside
ciiameiprof the b~!rrel is gen~rally only about.3 inches. These tools ~r~ best
~uit.edfor ~ampling in heavy (e.g., clay), wet soi~~.

3.1.2.5 Regular or General Purposp Barrel Auger--

A version of the barrel auger rmnmonly used by soil s$i~ntists and county
agents is depicted in Figure 3-Q. AS shown, the barrel portion of this auger
is completely enclosed. As with th~ pcrst~hc)l~auq~r, the ~uttinq blades are
arranqed so that the soil i~ Ioo’-eneciand forced into th~ barrel as the unit is
rotatpd ~rldpushed into the soil. Each filling of the barr~l corresponds to o

depth of penetraticrn of about 3 to 5 inches (Soil Survey Staff, 1951). The
most popular barrel diameter i~ 34 inch~s, but sizes rangirigfrom 11 inches to
5 inches are available (Art’s Machirr(~Shop, persona? communication, 1983).

The cutting blades arP ~rranqed to promote t.hp retentian uf the sample
withi~i the barrel. Extension rods ciin b~ mad~ from eith~r standard black pipe
or fnrm lightweight conduit or seamlpss st~el tubing. The extensions ar~
c ircumscribed by ~venly-spaced marks to fi$c~litate determfn+ng sampling depth.’

3,1.;).6 Sand Augers--

The rpqular type of barre? auger described in the last p~ragraphs is
~ui~~bl~:.for core sampling in loam type soils. For extremply dry sandy soils
if.m~y be nece~sary to uses variation of the ~egular sampler, which includes a
sp~cially-fornw?d penet.ratirrg hit tcr r~tain the sampl~ in the ba,rrel (Figure
3-1.21.

Another vfiriation on the st~ndtird ‘b~rrel auger design is available for
sampling heavy, wet soils or clay soils. As shown in Figur~ 3-13, th~ barrel
is designed with open sides to facilit,c]t~’extraction of the samples. The
p~rretrat,ing bits are the samp IIS those usd on th~ r~gular barr~l auger ~Art’s
Machine Shop, personal communication, 1983).



Figure 3“11. nucch Puqer (Art’s Macnine Shop, 1982)
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Figure 3-12. Sand auger (Art’s Machine Shop, 1982)
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F’gure 3-13. Mud auger (Ari-.’sMachine ShoP, 1982)
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The cut-away barrel is designed to facilitate examining soil lay[~ringand
to dllow for the pasy removal of soil sarnplesr Generall.v, the tubes are
constructed from high strength alloy steel (ClemerrtsAssociat~s Inc., 1983).
The sampler is available in three common lengths, namely, 12 inches, 15 inches
and 18 inches. Two modified versions of the tip ~re availabl~ for sampl~ng
~ither in wet. or dry sails. Depending on the type of cutting edge, th~ tube
\drnplPrs obtain samples varying in diameter from 11/16 inches to 3/4 inches.

Ext~nsion rods are manufactured from lightweight, durable metal. E.xtf?n-
sion: are available in a variety of lengths depending on the manufacturer’.
M~rkings on the ext~nsions facilitate determining sample depths.

Sampling with these LIrI~ts r$?quirf?sforcing the sampling tube in vertical
inrrfmwntt into the soil. When th~ tub~ is filled at ~ach dept,h the handle is
twist.(’dand the assembly is then PUIIPCI to the surface. Cwnrwrcial unit$ are
tiviiil[~blewith attachments which allow foot pressure to be applied to force the
s~mpler into the ground.

3. 1,2.8.2 Veihme er tube--In contrast
consists of+s~

to the soil probe, th~ Veihme.yer tube
tubta which is driven to the required sampling depth.

COmIpOnPnts of the Veihmeyer tube ar~ depicted in Figure 3-15. AS shown, these
lJni~s consist rrf a bevelled tlp which is t.hreated into the body tube. The
f,ipp+’r ~,lld~f the cylinder is threaded into a drive head. A weighted drive
hdmlf~r- fi?s into the tube to facilitate driving the sampl~r into the soil.
~lnt> in th~ hammer head fit into ears on the drive head. Pulling or ,Ierking
[ip nn the hamrrwr forces f,h~ sampler out of the cavity. The components of this
~ampler irr~ constructed from hardened metal, Th~ tube is gprrerally marked in
1“’vFn,depth-wise increments,

3.1.3 Hand-Held Power Augers--

A very simple, commerciall.v availablp auger consists of a flight auger
~ttached to and driven hy a small air-cool~d ~nqine. A set of two handles are
attachd to the head assembly to allow two operators to guide the auger into
the soil. T’hrottl@ and clutch controls ar~ intcqrated into grips on the
htiildles. It is important that, if the augers “hang up” and the operator looses
control crf the ma[:hine. the operator should not attempt. to st,op rotation of the
machine b,y grabbing the handles.

3.2 CRITERIA FOR SELECTINC SOIL 5AMPIERS

Important criteria to consider when s~lecting soil-sampling tools for soil
monitoring at land tr~atrnent :Jnits include: (1) capability to obtain an
encased core sample, an uncased core sample, a depth specific representative
sample or just a sample according to the requirement.t of the chemical analyses,
(2) suitability for samplirlg various soil typ~s, (3) suitability for sampling
soils under various moistur~ conditions, (4) access ibilit.~rtn the sampling site
~nd general site tr?fficability, (5) sample size requirements, and (6) person-
nel requirements and availability. The ~ampling techrriqur?s described in the
previous sections were evaluated for these criteria ~nd th~~ re~ult.s ar~ summari-
zed in Tablp 3-1. This s~ction briefly rv~views the selection criteria. The
important capability of heinq abl~ to obtain a shmple at d~pth that is not
cor!tarriinatt?dfrom shal low Sour”cf>sis greatly enhanc~d by using the hollow-stem
auger drilling rn~thod,
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Figure 3-15. Veihmeyer tube



3.2.1 Capability for Obtaining Various Sample Types

An encased core sample can be obtained by using the continuous sample tube
system, Shelby tube or piston sampler~, ~nd split-barrel drl.vesamPlers ‘f ‘he

type that can be fitted with sealable Iincrs. The cont~nuous sample tube
system must be used with the hollow auger drilling mfthod. Shelby tube, piston
and split-barrel drive sampl?rs are b~st used with hollow auger drilling
systems to minimize contamination of otherwise uncontaminated samples.

An uncased core sample can be obtained with the same sampling equipment
and procedures that provide an encased core sample. The continuous sample tube
system and split-barrel drive samplers can be used without liners to provide an
uncased core sample.

A representative sample can be obtained with almost any sampling device,
if contaminated, or even unccmtaminat,ed, soil has not fallen to the bottom of
the borehole or has not been transported downwardly by the drilling process.
use Of the hollow auger drilling method provides the 9re.ater assurance ~~~~
contamination has not occurred from th~ drillaing or satmplln

!
processes.

representative samples are dasired anu continuous fl~ght solid-stem) auger
drilling or one of the hand-operated drilling methods is used, the borehole
must be made large enough to insert the sampler and extend it to the bottom of
the borehole without touching the sides of the borehole. It is suggested that,
if a hand-operated auger sampling method is used, a larger auger be used to
advance and clean the borehole than the auger-sampler that is used to obtain
the retained sample.

3.2.2 >ampling Various Soil Types

A split-barrel drive sampler can be used in all types of soils if the
larger grain sizes can enter the opening of the drive shoe.

Shelby tubes and the continuous sample tube system are best used in fine
grained (silts and clays) and in fine granular SO1lS. Shelby tubes c~n be
pushed with the hydrau?ic system of most drill rigs in fine granular soils that
are loose to medium dense or in fine grained soils that are soft to medium
stiff. If denser or stiffer soils are encountered) driving of the tube sampler
may be required. The continuous sample tube system can be used to sample SOIIS
that are much denser or harder than can be sampled with Shelby tubes, pushed or
driven.

Hand-operated samplers can be used in almost any soil type ~f there is
enough time available--eventually the hole will be completed. Within the above
sections, there is guidance provided on which hand-operated drilling device
works best according to the soil types and moisture conditiOn,

3.2.3 Site Accessibility and Trafficabili>——

Site accessibility depends upon what the owner will permit, Trafficabil-
ity relates to the capability of various vehicles to reach a drilling locatlot~.
The availability of multipurpose drill rigs on 4 x 4 or 6 x 6 trucks or on
all-terrain carriers or when the use of helicopters negates the problems of
trafficability except in exceptionally steep or wooded. terrain.. The relativ~
advantages of using hand-operated drill~ng and sampllng dev~ces involve a
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comparison of the difference iI~costs of decontaminating a drill rig and tools
with the difference in quality of samples that can be obtained with two general
methods.

3.2.4 Relativ~ Sample Size

When multipurpose drill rigs are used, the Sd,iiF~e size will depend only on
the size of drilling tools used. Hollow-stem augei~ with 6.25-in. ID allow the
use of 5-in. 00 Shelby tubes, 6-in. 00 continuous sample tubes and 4.5-in. OD
split barrel drive samplers. Yf hand-operated tools are used, the use of
larger diameter models wI1l facilitate obtaining large samples.

3,2.5 Personnel Requirements

Generally, it is good practice to have at least two people in the field on
all types of drilling and sampling operations. When multipurpose auger-core-
rotary drills are used, the speed of drilling and sampling which is much
qreater than the speed of drilling and sampling and hand-operated equipment may
require a larger crew to efficiently handle, log, identify and preserve the
samples.

3.3 RANDOM SOIL-CORE MONITORING SITE SELECTION

The RCRA Guidance Document on Land Treatment Units recommends that soil-
core monitoring sites be randomly selected (LpA 1983b). If n random sites are
to be selected, a simple random sample is defin~d as a sample obtained in such
a manner that each possible combination of n sites has an equal chance of being
selected, In practice, each site is selected separately, randomly, and indepen-
dently of any sites previously drawn. For soil-core monitoring, each site to
be included in the “sample” is a volume of soil (soil core).

It should be.recognized that adjacent sampling points on a landscape are
more often than not spatially dependent, The theory for spatial dependence,
known as regionalized variable theory h,olds that the difference in value for a
specific property depends upon the distance between measurement locations and
their orientation in the landscape. Geostatistics, the application of regional-
ized variable theory, has been employed to demonstrate a number of spatial
relationships for both soil chemical and physical properties. For many proper-
ties, a geostatistic analysis will indicate an approximate distance between two
observations for which those observation are expected to be independent (no
co-variance). Observations at a closer spacing are expected to be dependent to
some degree. A strictly random sampling scheme as presented by EPA (1983a,
1983b) assumes independence between sample locations. This sampling scheme has
been slightly modified in this guidance to maintain the assumption of inde-
pendence between sampling locations. The following sampling scheme specifies
that sample point separations should be in excess of 10 meters.

It is convenient to spot the field location for s~il-coriw devices by
selecting random distances on a coordinate system and using the intersection of
the two random distances on a coordinate system as the location at which a soil
core should be take~ (see Figure 3-16). This system works well for fields of
both regular and irregular shape, since the points outside the area of interest
are merely discarded, and only the points inside the area are used in the
sample,

34



N

M

(Id

B

100 -

L x

\

,.,/:,.,,,.,,.’,., , ,

/

<
/

x
. ...’, ,,, ,,, ,.

x

o 1 A
o 25 50 75 100

C?ISTANCE (m)

LAND TREATfvlENT BORDER

0 USEABLE SITE SCALE 1: 20,000

x DISCARD SITE SOIL SERIES aa,bb, cc,dd

Figure 3-16. Rar\dorrlSite (.) selection exiimplefor unit cc

3!)



The location, within a given uniform area of a land treatment unit (i.e.,
active portion monitoring)~ at which a SOil core should be taken should be
determined using the fallowing procedure as described by EPA (1983a, 1983b):

(1) Divide the land treatment uni( (Figure 3-16) into “uniform”
areas (aa, bb, CC, old). A uniform area is an area of the
active portion of a land treatment unit which is composed of
soils of the same $oil series and to which similar wastes or
waste mixtures are ~pplied at similar application ~ates.
Swales are treated as a different uniform area and are d~scus-
sed in Hazardous W~~te ~and Treatment (EPA, 1983a) under the
heading Z?_7i6+I-CiGj7j;Y~-”~~o=;~tist may be consulted in
completing this st.~p.

(2) 14apeach uniformd red by establishing two base lines (O-A and
O-B) at right angle5 to each other which intersect at an
arbitrarily selected origin (0), for example, the southwest
corner. Each baseline should extend to the boundary of the
uniform area.

(3) Establish a scalp interviil(e.g., 100 m) along each base line.
The units of this scale may be feet, yards, miles, or other
units depending on the size of the uniform area. Both base
lines must have the same scale.

(4) Draw two random numbers from a random numbers table (see
Appendix A). Specify whether the x or y coordinate is chosen
first. Dcr not reinitiate the use of the table but continue
from where the “last random number was selected. Use these
numbers to locate one point a’longeach of the base lines.

(5) Locate the intersection of two lines drawn perpendicular to
these two base line points, This intersection (o) represents
one randomly selected location for collection of one soil
core. If this location at the intersection is outside the
uniform area (x), ~r within ~0 In{Itanother sampling location,
disregard this s~~mplifig l~~~~tion and rePeat the above
procedure.

For soil-corti’monitoriflg, repe,it the above procedure as many
times as necessary to obtain six soil coring locations within
each uniform area of th~ land tre~tment unit. If a uniform
area is greater than twelv{’ a[.rf’s,repeat the above procedure
as necessary to provide ~t lea!,t.two soil coring locations per
four acres. (If the stilll~location is selected twice, disre-
gard the second ;el~rtinn and repedt d~ necessary to obtain
different Iocdtioris). This proc~dure for randomly selecting
soil corinq locations must he rep(~dtecl at each sampling event
(i.e., semi-dnnunlly).



Locations for monitoring on background areas should be randomly determined
using the follawlng procedure:

(1) ‘Thebackground area must have characteristics (i.e., at least
soil series classiflcaticm) similar to those present in the
uniform area of the land treatment unit it is representing.

(2) Map an arbitrarily sel~cted portion of the background area
(preferably the same size as the uniform area) by establishing
two base lines at right angles to each other which intersect
at an arbitrarily ~elected origin.

(3) Complet~ steps 3, 4, ‘]nd 5 as defined above.

[4) For soil-core monitoring, repeat this procedure as necessary
to obtain eight soil coring locations within each background
area (see Table 3-2).

3.4 SAMPLE NLW4BER1 SIZE, FREQuENCY AND DEPTHS

Sample number in research designs is typically decided based on a liberal
(~stimate of the variance for a constituent as it is distributed zpatially, a
~Pec~fi@d detection increment (e.g., 5 ppb) and a confidence level for the
detection increment. The problm in recommending a set number of samples per
smpl~ng event is simply that the variance of a sampling event and/or back-
ground study may be sufficiently large to preclude an inference that a statis-
tical difference exists with any confidence, A more appropriate and statisti-
cally supportable approach is to set the detection increment per hazardous
constituent and the ,confidence level. The applicant would be required to
perform a background study of variability as the basis for determining the
number of samples per sampling event. Because this approach is still being
evaluated by EPA resear-ch~ EPA has chosen to provide interim guidance based
upon the best judgement of scientists familiar with land treatment units. This
interim guidance recommends a specified number of samples, size, ~r-equency and

depth per sampling event for both the background soil series and the uniform
areas of the active land treatment unit (EPA, 1983b). This guidance may be
revised when EPA research studies are completed.

Background concentrations of hazardous constituents should’ be established
using the following procedures.

(1) Take at least eight randomly selected soil cores for each soil
series present in the treatment zone from similar soils where
wast~ has not Linen applied. The recommended soil series
classification is defined in the 1975 USDA soil classification
system (Soil Conservation Service, 1975), The cores should
pen~trate to a depth below the tre~tnlent zone but no greater
than J5 centimeters (6 inches) below the treatment zone
(Figure 3-17),

(2) Chta?n one sampl~ from eacl) soil -core portion taken below the
tredtmerrt zone,
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TABLE 3-3. EXAMPLE CHECKLIST OF MATERIALS AND SUPPLIES

Borebrush for cleaning.
10 to 12 ten-quart stainless steel mixing bowls,
Safety equipment as specified by safety officer.
One-quart Mason type canning jars with Teflon liners
(order 1.5 times the number of sam les. Excess is for

Ybreakage and contamination l~sses. ,
A large supply of heavy-duty plastic trash bugs.
Sample tags.
Chain-of-custody forms.
Site description forms.
Logbook.
Camera with black-and-white film.
Stainless ste~? spdtulds,.
Stainless steel scoops.
Stainless steel tablespoons,
bps for density sijmplinq tubes,
Case of duct tape.
100-foot steel tape+
2 chain surveyor’s tape.
Tape me~sure
Noncontruninating seal~nt far volatile sample tubes.
Supply of survey stakes.
Compass,
Maps.
Plot Plan.
Trowelr.
Shovel .
Sledge Hammer.
Ice chests with locks,
Dry ice.
Communication equipment.
Large supply of small plastic bags for samples.
Large supply of paper towels or lint.-free rags.
large supply of r.iistill[~dwater,
Work glove:,.
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in the transporting vehicle: Similarly, all of the documentation accessories,
such as field book, maps labels, etc., should be checked off. A few minutes of
preliminary preparation will ensure that all equipment is on hand and that tirrie
will not be wasted in returning to the operations base for forgotten items.

Careful site preparation will also take a few minutes but is absolutely
nt~~i~s~aryto ensure that the samples are representat~ve of in-situ conditions.
!,p~cifically, a severe problem with some of the sampling methods described
~’l~;~where in this chapter is that “contamination” of the sample maY occu~” by
~oil falling in the cavity either from the land surface or from the wallS of
the borehole. Thus to minimize contamination from surface soils, loose soiis
,indclods should be thoroughly scraped aw~y from each site prior to sampling.
A :$h~velor rake will tacllit,,l’..~this operation, Under some geologic circum-
:.t,~nceswith some hand-operated drilling methods, perfect.site preparation will
rl[jteliminate downward tr~n~[]ort.of contaminants.

lt is recommended that a soil profile description be taken with each soil
core sampling event. The profile description will prov~de information on the
‘,pat.ialvariable properties import~nt to both land treatment functioning and
will assist in the interpretation of monitoring results. For instance, it is
ql~]te possible that sandy conduits {e.g., stumpholes or root channels) may
contain different levels of a hazardous constituent than surrounding soil.

3.5.:: Sam~le Collection with Multipurpose_Drill Rigs.—- ..— —.

There are three principal ac! ntages in usin multipurpose auger-core-
rot,f]rydrill rigs for unsaturated . ~~e sampling: (1? the work can be performed
rapi(ily in the most adverse environments such as extremely hot or extremely
~.cj”ldAnd wet weather, [2) borings can be readily made in the densest or hardest
ioil conditions, and (3) there is the greater capability of preventing downward
movement of contaminants during drilling and ~ampling, Also, with some samp-
lers the sample is encased as it is taken in a protective enclosure with
minimal atmospheric contamination or loss of volatile constituents. The only
disadvantage is the cost of decontamination of the drill and the tools.

It is suggested the Drilling Safety Guide (no date) published by the
National IIrillingFederat’iofm be read and studied in depth by all drilling
~nd sampling personnel before using auger-core-rotary drills.

3.5.2.i Hollow-5tm Auger Drilling and Sampling--

The general proce>s of using hollow-stem augers to simultaneously advance
and case d borehole w~s previously presented (Re$er to Figures 3-1 and 3-2).
The following is a detailed yet generalized procedure:

(1) Tl~P out~r and inner hallow-auger components (Figure 3-2A) are
assmbled and conrlect.edby the shank on top of the drive cap
to the rotary drive of the drill rig.

(2) This assembly i$ ~dvanced to the desired sampling depth using
the rotary ~ctior}and ram forces of the drill rig. The auger
head cuts into thc~ soil at. the bottom of the hale and directs
the cut.ting~ to the ~piral flights which convey the cuttings
to the surface (Fiqure L2Aj,
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~rom the auger column assembly.(3) The drive cap is disconnected i
The pilot assembly with the center rod column is then removed~
usually with a hoist line (Figure 3-2B).

(4) A sampling device attached to a sampling rcd column is insert-
ed and lowered within the hollow axis of the auger column to
rest an the soil at the bottom of the hole. The sampling
device is then pushed with the hydraulic feed system of the
drill or driven with a hammer assembly into the relatively
undisturbed soil below the auger head (Figure 3-2C).

(5) The sampler is then retracted from the hollow axis of the
auger column. The sampler is either retracted with a hoist
line or by connecting the sampling rod column to the hydraulic
feed (retract) system of the drill rig. “Back-driving” may be
required to remove some samplers that are driven to obtain a
sample. In some soils, back-driving will cause some or even
all of the sample to be released from th~ sampler and remain
in the bottom of the horehole. Back-driving should not be
used when a hoist or the hydraulic feed of the drill can be
used to retract the sampler.

(6) The pilot assembly and center rod column is reinserted, the
drive cap is reconnected to the auger column and the rotary
drive of the drill rig. The hollow auger column is then
advanced to the next sampling depth.

(7) If sampling is required at depths greater than about ?.5 ft
plus the length of the sampler below the auger head, a,ddltlon-
al 5 ft hollow auger sections and center rod sectlofls are
added. The flights are timed and mated at the coupllng to
provide a continuous conveyance of cuttings.

(8) Fill in the cavity with soil , tamping to increase the bulk
density of the added soil. Fill the hole to ground stirface.

For some types of samplers, it i$ difficult to retain the sample in the
sampler because of the “vacuum” within (or apparent tensile strength of) the
soil at the bottom of the sample. After the sampler is pushed or driven, the
hollow augers can be advanced downward to the bottom of the sampler to “break”
the vacuum.

3.5.2.2 Continuous Flight Auger Drilling and Sampling--

Continuous flight augers have hexagonal shank and socket connections wh
prevert sampling through the usually small diameter axial tubing; consequent
the complete auger column must be retracted and reinserted for each sampl
increment.

(1) The continuou~ fli~!ht auger assembly, i.e, auger head and 5 ft
flight auger section is conn~cted by the top shank of the
auger to the rotary drive of the drill.
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(2) The auger assembly is advanced to the desired sampling dep:h
using the rotary action and ram forces of the drl~l r19
(Figure 3-3A).

(3) After rotation is stopped and the rctary power train of the
drill is placed in neutral, all cuttings are carefully removed
from the zone adjacent to the borehole. This will minimize
the amount of material that will fall to the bottom of the
borehole when the augers are removed.

(4) The auger column is then removed from the borehole without
further rotation (Figure 3-3B). The augers should be immed-
iately removed from the area of drilling ‘toprevent CUttlngS
from the auger flights falling into the borehole, and it maY
be necessary to remove cuttings from the area adjacent to the
borehole as the auger column is retracted.

The sampling device on a sampling rod column is inserted and
lowered into the open borehole to rest on the soil at the
battom. Care should be taken to minimize the contact of the
sampler and sampling rod column with the side of thee open
borehole. The sampler is then pushed with the hydraullc feed
system of the drill or driven with a hammer assembly through
whatever cuttings that may have accumulated at the bottom of
the borehole into the undisturbed ~oil (Figure 3-3C).

(6) The sampler is then retracted from the borehole using the,same
procedures and care described above for hollow auger drlll~ng.

(7) ~f additional samples are required, the auger,col~~mn assemb][
reinserted and the drilling and sarnpllng sequence

;;ntinued (Figure 3-30}.

(8) If sampling is required &t depths greater than about 4.5 ft
plus the length of the sampler, additional 5 ft auger sections
are added.

(9) Usually the top of the sail][jl~shoul{i be “discarded” to assure
that cuttings that fall into th[? borehole do not. provide false
data or contamiriate the remaind~r of” the sample.

(10) Fill in the cavity with soil, tamping to increase the bulk
density of the add~d soil. Fill Lhe hole to ground surface.

3.5.2.3 Samplers--

Various type~ of sanlpler~and con~plete sampling systems are ~vailab!e ~or
use with hollow auger, continuou~ flight ~uger and other appropriate dr~lllng
methods. The sampler used will depend upon economic availability, the type of
d~ill rig being used, the gener~l nature of the pro,ject and specific sampling
requirements. The fo?lowinq arf’ some ~Jf the common samplers and related
procedures commonly used in Narth America.



3.5.2.3.1 Thin-walled volumetric tube sam lers--Thin-wal”led volumetric tub~
samplers are commonly called “+helby tubes rom the original manufacturer’s
nomenclature). Shelby tube samplers are described in 3.2.2.5.1. Shelby tube
:jmplers can be used in most soft to stiff fine grained soils and In. some
qranuldr soils. The Sht?lb.ytube is a rather ideal sallW~er in th~t+ the ~olj,~~n
rm~in in the sample tube for transportation to a testing fac~~~[y.
Shelhy tubes can be predrilled with ~rnaller circular “s~mpling ports that ar~
“taped over” during sampling and transportation to a test, facility. At the
ti~stinq f~ci’lity the sealing tape can be removed as required to obtain a small
cylindrical “plug sample” from th~~ side of the larger sample. The procedure
for general use of Shelby tub~~s follows:

The borehole is advanced t.o the sampling depth by the selected
method. When hollow-st.m (~ugers are used, the auger I.D.
should be at ‘least 0.2?()in. greater than the Shelby tube O.Il.
When an open hole drillin~] wethod is used, the diameter of the
drilled hole should b~’ ?t Iea%t 1,00 ill. greater than the
Shelby tube O.D.

The Shelby tube sampler is Attached to the sampler head which
in turn is connected to ~ samPlin9 rod ~olumn”

The Shelby tube sampler assembly is lowered within the hollow
~LJger axis or open borehole to rest on the bottom.

The sampling rod column is extended upward “Lo Contact the
retracted base of the drill rig rotary box.

The sampler is then pushed into the soil at the bottom of the
borehole by using the hydraulic teed of the drill. The Shelby
tube should be pushed at a rate of about 3 to 6 inches per
second. Care should be taken to assure that the top of the
sampling rod column is squarely against a flat surface of the
rotary box and that there are no loose tool joints in the
sampling rod column. All members of the drilling and sampling
crew should stand away from the sampling rod as the sampler is
being pushed.

The sampler should be ~llowed to “rest” within the soil for at
least one minute to allow the soil to exp~nd laterally against
thi? inside (If the Shelby tube, This surf?ce contact will
improve sal?lplerecovery.

The sampler’ is ther! i)ulled upward with Ci k~oist line and
hoisting swivel or by connecting to and iisirlg the hydraulic
feed systenl of the drill rig. In some cdses sdmple recovery
may be improved by rotating th~ sanlpler after it has bfien
pushed and allowed Lo expdnd agait~st the inside of the Shelby
tube.

The Shelby tube wit_h ~:]nlple enclosed is det.t)(;hed from the
samp?er h~ad.

Any loo<e m~t[~~’i(]lon the “top” of, t.hP \~\mp,lP,,should be
r-moved with a l(Ir(I(?spoon! d plltty kfilfi? Ok” a slnll!dr tool.
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(10) If the sample is to be shipped to a testing facility within
the tube, the tube ends should be sealed immediately. Seallng
is best accomplished by using expanding soil seals (Figure
3-6A, 3-6B) and then capping the ends of the tubes with
“plastic” caps and sealing tape.

(11) It may be appropriate to extrude the samples in the field, in
which case a hydraulic extruder (Fi9ur@ 3-18) is ‘sedO
Following extrusions, the samples are then placed in large,
wide-mouthed j~rs or other sealable contain~rs.

(12) Fill in the cavity with soil , tamping to increase the bulk
density of the added soil. f:ill the hole to ground surface.

3.5*~,3.~ Piston samplers--Piston samplers usually consist of a Shelby tube
sampler witlr a sampling head that. contains a piston follower. The piston
follower rests on the soil ~urface within the Shelby tube prior to and during
pushing of the tub~ into the soil. The piston is then “locked” in position to
provide a vacuum on top of the s~mple to refictagainst the vacuum at the bottom
of ttresample which develops as the tube and soil sample is pulled out of the
Sclll. Sampling procedures for piston samplers are identical to those for
common Shelby tube samplers except for the activities involving the locking of
the piston and the breaking of the piston vacuum to remove the sample tube and
sample from the sampler head. There are different types of piston sampler
he~ds according to the piston lockin9 mechanism” G@n@ra’lyI ‘t ‘s.Only adv~~~
tageous to use a piston sampler over a common Shelby tube sampler In soft,
soils. Piston samplers will often provide optimum sample recovery In soft, wet
organic soils.

:~.~.~,~,j $Plit barrel drive --lhe split barrel drive sampler assembly
consists of a drive shoe, two arrel h~lves and a sampler head as des-
cribed in 3.2.2.5.2. Split barrel sampler~ ~Ye used with the same procedures

as thin-walled volumetric samplers as described above in 3.5.2.2.1 except that
in almost all cases the sampler is driven into the soil using a hammer assem-
bly. The common 2-in. O.D. Sampler is typic~lly driven with 140 lb drive
weight. Larger samplers are often driven with 3(XI lb, 340 lb or 350 lb drive
weights. Granular samples are often retained with the aid of various spring
and flap-valve retainers (Figure 3-i9).

3.5.2. 3.4 Continuous sample tube s stems--Thv
-–#–

“continuous sample tube system”
is a patented samp~lng system%ic “Zonsist.s uf ~ 5 ft long sample barrel as
described in 3.1. 1,5.3 (Figure 3-7). The corlt.inuous smple tube system works
best in fine grained soils but has been used in granular soils with success.
The sample barrel is used In corrjunct,iorlwit.11Ilollow-stem augers as follows:

(1) The sample barrel assembly is inserted within the first hollow
auger to be advanced and connected tu d hexagonal extension
that passes through the drill spindle with bearing assembly to
a stabilizer pltite ?bove the rot.clr,ybox.

(2) The hollow au~,er is coupled to a flightless ~uger section that
is connected to the drill spindle. The cutting shoe of the
auger barrel will extend ti short distance in front of the
auger head when the assembly is complrted.
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Figure 3-19. Soil core retainers for sampling in very wet soils
and cohensionless soils. (a) One-way solid flap
valve,l (b) Spring-type, segmented basket retainer
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(3) The cuttirq shoe advances irrt,oth~ ~oil as t.h~ augers are
rotated and advanced into th~ soil,

~4~ The hollow auq~rs and sampler assmnhly is usually advanced
until the drill spindl~ “bottoms out.”

(5I The auger is then rlisci~nnwtt~d at, the top from the flight”
auger section.

(6) The sample barrel is then hoisted upward, leaving the ho
aug~r in place.

f?s5

1r)w

(7) The sample is th~n r[ww}vwi from t,h~ sample barrel . Treatmenf.
of the sample will I}(Igpn~rally like th~ tr~atm~nt of Shelby
tube samples but will dcpr’(~dsp~cifically on whether or not a

harr~l is us~d or whether or not“split” or “solid” out(ar
liners arp used. Tvpi(a”]ly cl~ar “plastic” liners are used
withi~ a split out~t h{lr~[~l for efficient processing of
samples. These lin~rs with s~~il can be processed for transportat-
ion using the SLIIIP proceriur~~; that are used for Shelby tube
sdmples.

18) When qr-eater Sailiplitlg cippth< are required additional 5 ft
auger sections and hexaqon~l drill stem extensions are used.
(lbt~ining optimum recnv[’ry with the continuous sample tube
Sys tern requires sOmo trial-and-error adjustments by the
driller. Generally, rpcov~r,y approaching 100 perc~~t is
readily obtainabl~ in fino qrained soils. In some angular
granular soils it is ?c!visahle to only advance the system in
2+5 ft increm~nt~ to obtain optimum rpcovery.

(9) Fi!l in th~’ cavity with soil, tampinq to increase the bulk
density of the added snil. fill thP hol~ to ground surface.

3.5.2.3.5 Peat sampler-- The pf’at sanlplPr is s~ldcwl used. However, under some
circumst,anc~~ may p~nviri~ t.h~ [~l)timum sary)linq method.

(1) Place t,hd scinlplprtill on th(’ <nil surfacfj at the ~xact 5an]p-

Iinq Ioc[]tirrn,

(2) With th~ tuhP irl iIIIp~{+r-tly vf~rticcll position, force the
~}fin~pler irlf(;tho <oil ttl tht~ d~$irecl depth of sampling.
(Nc)t.e: dur ing th i’-,‘Itf“’p, th(’ irltt~rr}dl plunger is held in
p]a~e withif) t}~t~ :,(lnIp I inq ( v I it!(l (’t hy A piston att.achpd to th~
~nd of fhf, pu~,llr[~d<).

(.3\ ,}erk of) (!11 thf< tl( t(l, ti ?fl(~ /0(1 to dl]ow thp plung~r to mov~
upwd rd in thf~ { vl il{ittt’. ( rh(’ ‘,!),’r~)r;]trh will prl?v~nt the
pl{lrl(lfjr from HI(!V irif]I}it(k (i~N#rIW(Itdin (-v]inrif’r).

(4) P\jsh th~ ,IC,S~.rrI/)/~~jowr]~,)t~if(} fo~(~, thp t-y]jlldpr. jnt~ undis-

tutt]~ld C,(IiI .

(~)) [“>’tt(i(![.t}lf ,,lll(fl], it!, ,1 , 11~,111 ‘-,l, wp]f ’ (- ;)rlt,d i rlpp, Idhel the
((lrl~rlirl!J1’.

1)11



(7) Fill in the cavity with soil, tmnping tcr increase the bulk
density of the added soil. Fill the hole to ground surface.

3,5.3 %mple Collection with Hand-Operated E~ifl~ent. ...-..--—----------——.-——---- --—. - —.

In the following s$~ction, step-by-step sample collection procedures are
~e<crib~d for each of the [j]ajorsoil-sampling devi~-es.

3.5,3.1 Screw-Type AuyeT\--

(1)

(2)

(3)

(4)

(5)

{k)

(7)

(8)

(9)

Locate tip ot ,~ug~’rOn the soil surface at exact sampling
location.

With the auger ,Inddrill stem in an exactly vertical position,
turn and Dull duw!l (]rlthe handle.

When the aug(?r l],]:,r~ached a depth equivalent to the length of
the auger hecid, iNIll the tool out of the cavity.

Gerltly tap the CItidut the ~uger orr the ground or on a wooden
board to removr soil from the auger flights. For very wet,
sticky soils it may be necessary to remove the soil using a
spatula or by hand. In the latter instance, the operator is
advised to wear disposable rubber gloves for protection from
crgatlic contaminants.

Cl~at~ locse soil away from the auger flights and soil opening.

Insert the auger in the cavity and repeat steps (ii) through
(v). Keep track of the sampling depth using the marks on the
drill rod or by ir\sertirlga steel tape in the hole,

When {he c~ug~r has reached o depth just above the sampling
depth, run the :J(ger i’1 ~nd out of the hole several times to
remove loose umtet~al from the ~ide> and bottom of the hole.

Advat}cF thp ~uqc’r into the soil depth to be sampled.

Rellmve ttle d~iqt’t-from t:hp c?vity ard g(?tltlyplace the head on



(1) Locate auger bit on sail surface at exact sampling Iocdtion.

(~) With the auger and extension ‘odha~d~~’’(~ee Figure 3-20)exdctly vertical

position, turn and pull down on the ‘

(3) When the auger has reached a depth equivalent to,the length of
the auger head, pull the assembly out of the cavity.

(4) Gently tap the auger head on the ground or on a wooden b~ard
to remove the soil from the auger. For very wet and sticky
SOilS, it may be nec~~sary to remove the soil using a spatula
or rod or by hand. In the latter instance, the ope~ator is
advised to wear disposdb’le rubber gloves for protection from
organic contaminarlt~.

(5) Remove all loosf~s(}ilfrom the interior of the auger and from
the soil opening,

(6) Insert the auger b~ck into the cavity and repeat steps (ii)
through (V), Keep track of the sampling depth using the marks
on the extension rod or by extending a steel tape in the hole.

(7) When the auger has reached a depth just above the sampling
depth, run the auger in and out of the hole several times to
remove loose material.

{8) Aavance the auger into the sail depth to be sampled.

(9) Careful remove the auger from the cavity and gently place
the bdrrel head on a cl~arl board or’ other, support. Using .3
clean spatula or other tool, scrape the SOII from the control
part of the head into the sample container. Discar~ remainlr]g
soil . Label the sample containpr pursuant to the l~formatlon
presented in the section entitleci“Sampling Protocol .

3.5.3.3 Tube-Type Sampler:,: Soil ProtJ~*--

The general procedur~ for s[~il ‘,ampli;\[] using 5oil probes is presented,
together with the moditie~i approach when ,i i)ack~(!ver” att.~chment is used. The
basic technique is describ~{l first..
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{4) Remove the driv~ hammer from the too] and plac~: the operrir!gin
th~ hammer above the tube head. Rotate the }lammeras r~quired

to allow the slots iri the openinq to past through the ear’s on
the head. Drop the hammer past the ears and rotate the hammer
so that the urrslotted opcnlng rests againzt the ears. Pull

the hammr upward tu torte the tube out of the ground. (In

some cases it nkiy be necessary to jar the hammer hedd agdi~~st
the ears, or halve an(other person pull up o:] the h~mm{?r).

(8) When the tip hds r>eaciled c~ depth just abOve ~l~e ~amPiin9
depth, gently run t.lw tube in and out of the hole teveral
times to remove loose nk~telii~lfrom the cavity walls.

(;areiully remove the unit. {roll] the hole and gently place the
~i[) on a cleat) board. Force! the sample out of the? tube using
d clean rod or extraction tool, Usinq a clean spatula, spoor?
the \oil sample into a $r~mplc contair~er~ As a matter” of
precaution, the uppermost onp or two inches of soil should be
discard~d on the chance thdi.Lhic st~gm~~rrt,has been contamina-
ted by soil originatil~q f~om ahOVP th~ ~amp~ir]g depth. Label
Lh[: sample corlt.di~lerpu!’sufint to information presented in
Appendix B.



3.5.4 Miscell~neous Tools

Hand tools such as shovels, trowels, spatul~s, scoops and pry bars are
helpful for handling a number of the sampling situations. Many of these can be
oht.ained in stainless steel for use in sampling hazardous corrtminants. A set
of tools should be available for e~ch s~mpling site where cr~ss contamination
I*,~ potential problem+ The~e tool set~ c~n be decontaminated on some type of’
srh:’dule in order to avoid h~ving to purchase an excessive number of these
iI.(’ms.

A hd,mmer, screwdriver iind wirt: brushes ,]re he”lpful when working with the
[Iiit goon samplers. Thu tt~r~-adson the connectors often get janniwd because
{’If50i] in ih~[n, T’hiS SO~~ (:d!I~;(>rmOvr?d with the wire brush, Pipe wreriches
:Irf’,ilso a necessity as is 2 plpt’ vise or d plumbers vise.

Gne of the major diff((.(ilt ies with srJI’1samplincj arise$ in the area of
(.f’(l:>:jcontamination of >atiq)le:,, ]h(: IIIOSt relidble methods are these that
(.mvplete;y isoldte one $dmplt) from ftl(~next. Freshly cleaned or disposable
:,d!Ili)liIIg tools, n!ixirlg bOwls, ~’~IIIpie(containers, etc, ar’e the onlY ~aY to
IIILUrt, the integrity of the (Itit,j,

i ield decontamin~tion is quite difficult. to carry out, but it can be done.
l{:ll(li’d(lli~ chewicdl sampling ;idds dilOt\ler-layer of aggravation to the decontam-
lr),~[j~]ll;]rocedures. Mith the i?xceptiorl of highly volatile solvents, washing
,1.Jlu[.ICJ~IL,c,]n be safely disposed ,It.the ifi~d treatment facility being sampled.

One of tht? best contain~rs for soil i$ thr glass canning Jar fitted with
liIi!un or- aluminum f’oi1 1~ne~-s plaL:ect bptwe~ln the lid and the top of the jar.
!})(,.jo item< ,irLecleaned in the l,~t)or~t,ory prior to taking them into the field.
A“I1 containers, !irrers and small tools should be washed with an appropriate
l~bovator$ rtetprgent$ rin~ed in tap watf:r, rinsed in distilled water and dried
{/1 dn ijven. They dr(? then ri~;:,::din spectroqr~phic grade solvents if the
c(jrlttiirrer~ar~~ to be used for organic chemicdl finalysis. Those containers used
for volatile orgdnics analysis nwtt be b~ked in ~] convection oven at 105”C ir,
[irder’ tu drive off the \-inse solvents,

3.6.:! Field [jc:cor\t~;~ilr],IfiOn.—- ----- ... . ...- . . . _.. - ,_.



If organics are present., rinse with the waste solvents from
below. Discard contaminated solvent by pouring into a waste
container for later disposal.

Air dry the equipment.

Double rinse with deionized, distilled water.

Where organic pollut~nts are of concern, rinse with spectro-
graphic grade acetone s(aving the solvent for use in step 3
above.

Rinse twice in spectrographic grade methylene chloride or
hexane, saving the solvent for use in step 3.

Air dry the equipment,

Package in plastic bags and/or pre-cleaned aluminum foil.

distilled water and solvents are flowed over the surfaces of all the
toolt, bowls, etc. The solvent should be collected in some container for
disposal= One technique that has proven to be quite effective is to use a
Iar-ge glass or stainless steel funnel as the collector below the tools during
flushing. The waste then flows into liter bottles for later disposal (use ttfe
empty solvent bottles for this), A mixing bowl can be used as a collection
Vi2S5L?i . It is then the last itern cleaned in the sequence of operations.

The solvents used are not readily available. Planning is necessary to
insure an adequate supply. The waste rinse solvent can be used to remove
orgi.inics stuck to the tools. The acetone is used as a drying agent prior to
use of the methylenc chloride or hexane,

Steam cleaning might prove to be useful in some cases but extreme care
l,lustbe taken to insure public and worker ~afety by collecting the wastes.
Steam alone will not provide assurance of decc}nt~mination. The solvents will
still have to be used.

3.7 SAFETY PRECAUTIONS

Safety problems may arise when oper~ting power equipment and when obtain-
ing soil ccres at sites u<ed to dispose of particularly toxic or combustible
wastes.

$&



Explosive gases may be given off from land treatment areas used to dispose
of combustible wastes (EpAt 198~a). For such wastes, extreme caution must be
thken when sampling to avoid creating sparks or the presence of operr flames.
Spark~ will be of particular concern when sampling with power-driven equipment.
Workers should not be permitted to smoke.

Protective clothing that should be worn during sample collection must be
deciclecion a case-by-case basi~. As a guide, the alternative levels of protec-
tive equipment recommended by Zirshky and Harris (1982) for use during remedial
~ctions ~t h~zardous waste ~ite~ C(JU-Id be employed at land treatment sites used
to dispose of highly toxic wast.[?$. Specific items for each level are itemized
in Table 3-4. Level 1 equipment is recommended for workers coming into contact
with ~xtremely toxic wastes. Such equipment items offer the maximum in protec-
~i~n. Level 2 equipment can be used by supervising person??e~ who do nOt
directly contact the waste. Level 3 equipment applies primarily to sampling on
background areas or on treatment $ites used to dispose of fairly innocuous
wastes . Level 4 equipment could be used during an emergency situation such as
a fire.

05HA is the principal Federal agency responsible for worker safety.
J(jt?flC~ >hould be contacted for information on safety training procedures
o~)~rt~tional safety standards (EPA, 1983a).

2 i;..).[ UA-[A ANALYSIS AND EVALUi?TION

A critical step in anv monitoring progratn is the proper analysis

This
and

and
t’v(~luat.ionof the data collected. Inpu~ from’ the field scientist is important
irrthis data interpretation. The field scientist should have made observations
of field conditiorls (e.g., weather, unusual waste distribution patterns, soil
~.onditions, etc.) when the samples were taken and noted these in the field log
!)(jok(see Appendix 6). This information will assist in explaining the sampling
dat~ ~nd firovide insight into potential remedial actions that may be taken in
the event they are necessary.

Appendix C provides example sheets for summarizing the analytical and
st.atistlcal a~alysis results from unsaturated zone monitoring. Summary sheets,
such as these, and the chain of custody documentation described in Appendix B,
~;h(JuIdbe included in Che operating record of the faCility.

The land treatment regulations (see 40 CFR Part 264) require that the
owner or operator ~~etermine if hazardous collstit,uents have migrated below the
tredtnient zone at levels t-hat ar~’ ~tatistic~l’ly inci:eased ov~r ~ackgr~:y$
l~vels. The followinq aniilysis can be used t,o make thl< determination.
andlysis can be don{) on d c~lCuldtOr.

The nle~n (Eq. 3-1), vdriance ([q+ 3-2), and d two-sided (100\1-a)’i) confi-
d(?nce interval (Eq. :1-3j ~~re fir~,~ (.alculat,ed!J,ythe following equations:

rl

.Y “’ y,/ f”!
11

(3-1)
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TABLE 3-4. PERSONNEL PROTECTIVE EQUIPMENT
(Zirshky and Harris, 1982)

Level.,._______

1

4

Equipment

3-!4 White Cap with dir-line respiration
PVC chemical suit
Chemical gloves t.~pt?dto suit, leather gloves as needed
Work boots with neoprene overshoes taped to chemical suit
Cott(?tlCavc?r’dlls, ur~c!erclothing/socks (washed daily)
Cotton glove linf?rs
Walkie-talkie< for communications
Safety g]d5S(?S or fdce shield

Hard hat
Air purifying respirator with chemical cartridges
PVC chemical suit ~rld chemical gloves
Work boots with neoprene overshoes taped to chemical suit
Cotton coveralls/underclothing/socks (washed daily)
Cotton glove liners
Walkie-talkies for communications
Safety glasses or face shield

Hard hat
Disposable overalls and boot covers
L~ghtweight gloves
Safety shoes
Cotton coveralls/underclothing/socks (washed daily)
Safety glass~s or face shield

Positive pressure self-contained breathing apparatus
PVC chemical suit.
Chemical gloves, leather gloves, as needed
Neoprene safety boots
Cotton coveralls/underclothing/socks (washed daily)
Walkie-talkie for communic,]tions
Safety glasses or face shield

[)()
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SECTION 4

SOIL PORE-LIQ~lIDMONITORING

The sampling of soil pore-liquid was reported in the literature in the
early 1900’s when Brigqs and McCall (1904) describ~ci a porous ceramic cup which
they termed an “artificial root”. The sampling of soil pore-liquid has re-
ceived increasing attention in more recent years as concern over migration of
pollutants in soil has incr(~ased. As shown in Figure 4-1, different soils are
capable of yielding different levels of water. The unsaturated zone, as
described in Section 23 is the layer of soil between the land surface and the
grounciwater table. At saturation the volumetric water content is equivalent to
the soil porosity (see Figure 4-1). In contrast the unsaturated zone is
usually found to have a soil moisture content less than saturation. For
example, the specific retention curve on Figure 4-1 depicts the percentage of
w?ter retained in previously saturated soils of varying texture after gravitY
drainage has occurred. Suction-cup lysitnetersare used to sample pore-liquids
in unsaturated msdia because pore-liquid will not readily enter an open cavity
at pressui(?s less than atmospheric (The Richard’s outflow principle).

Suction-cup lysimeters are made up of a body tube and a porous cup. When
placed in the soil, the pores in these cups become an extension of the pore
space of the soil. Consequently, the water content of the soil and cup become
equilibrated at th~ existing soil-water pressure. By applying a va~,~um to the
interior of the cup such that the pressurp is slightly less inside the cup than
in the SOI1 solution, flow occurs into the cup. The sample is pumped to the
surface, permitting laboratory determination o,f the quality of the SO1l
pore-liquids.

Although a number of techniques ar~ available for indirect.lv monitoring
the movement of pollutants beneath waste disposal facilities, soil cnre samp-
ling and suction-cup Iysimetersi remain the principal n!ethods for dlrect~y
sampling pore-liquids in unsaturated nwd~a. The main disadvantages of SOI1
core sampling are that it is a destructive t~chnique (i.e., the same sample
location cannot he used again) and it may miss fast-moving constituents.
Lysimeters have been used for many years by agriculturists for monitoring the
flux of solutes beneath irrigated fields (Bi9Yar and Niels@n~ 1976)* ‘imi’ar-
ly, they have been used to detect the deep rnovwnent of pollutants beneath land
treatment units (parizek and Lane! lg~~)” Inasmuch as lysimeters are the
primary tools for soil pore-liquid monitoring at land treatm~nt units, unde~-
standing the basic principles of lysimeter operation and their Ilmltations IS
important to owners and operators of such units, as well as those charged with
permitting land tr~atment units. This section will discuss soil nlOiStUre/
tension relationships, soil pore-l iquld $ampling equiprn:nt, site sele:tion,
sampling frequency and depths, installation and op~rat~on of the available
devices, and sample collection, preservation, storage, and shipping.
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It should be recognized, however, that situations rndyoccur where the flow
velocities in the unsaturated zone are higher than empirically dernon~tr’ated by
D~rLY’$ Law. As a r~~ulta the wetting front will not be uniform and most of
the flow will occur through macropores. This type of gravity flow in highly
>tructured soils will not be sampled effectively by suct~on lysimeters. The
Ini,st~rolnising technique for sampling soil pore-liquid In highly str~ctured
:,oils is pan Iysimeters (e.g., free drainage glass block samplers). This kind
(if sampli!~g probably will h~v~ it< most utility in the treatment. demonstration
i}hdse of a permit applicatiorl twcdusk? structured soils that permit gravity flow
m~,y not hirve sufficient tre~tment c.apabilit.ies to satisfy the treatment demon-
~t.rlitiorl, If the treatn!r!]t demonstration is successful ~y , conlp~ete~, pan
ly$inwters may be an important elen;ent in the so~l pore-llquld monitoring
proqram for the full-scale fac~lit.y.

~.~ SOIL MOISTURE/TENSl~N R.El-AT~~N~H~PS

Unlike water in a bucket, fre~, unlimited accf?ss to water does not exist
~n the soil. Soil water or, as it is frequently called, “so~l moisture”, is
>t.ured in the small “capillary” spaces bet~een the soil par-tlcles and on the
surfflces of the soil particles. The water 1s attracted to the soil particles,
~ind tends to adhere to the soil. The smiler the capillary spaces between the
pdrtic]es, the greater the sticking force. For this reason, it is harder to
g~??-Ilioisture out. of fine clay soils than it is from the larger pores in sandy
‘,oIIs, even if the percent of moisture in the soil, by weight, is the same.

~lgure 4-2 shows the results ot caref~ll res~~~~rch work done with s ecial

extractors. As described by the Soilrnoisture Y~C.~Ui[JnlClltCorporation (1983 , the

grcaph shows the relationship of the percei~t. ,It moisture in a soil to the

pre~sure required to remove the moisture tronl the soil. Thes$ ale called
Moisture Retention Curves. The pressurr i:,me~sured in bars* which 1S a unit
of pressure in the metric system. Figurp 4-2 clearly points out that two
factors are involved in determinir}g ea>f’ of water sdrnpling: 1) moisture
content, and P) soil type.

Flaisture in unsaturated soil is always held dt ~uctions or pressures below
~tmospherlc pre~<ure. To remove the moi~,ture, one ll!UStb(? able t.O develop a
ngative pressur( cr vacuum to pull the [moistur’e aw[3y from around the soil
~arYiKFs. For this rea:on we speak ot “C,oil 5uction”. In wet soils the soil
suction is low, end the soil nloisLure ciirIt)(~reniovt:d rather easily. In dry
~oils the Soil Suctic)rl i< high, and it i< ciifficult to remove the soil
fnoi5ture.

Given two 5oil’, (onf: cldy and orif’s(~nd) with ident.ic(ilmoistur(’ contents,
~(,wl ]\ be [~lor(~difficult to (?,xtrzct,wa!.(~rfrom t.11(:finer soil (clav) because

[t. is
(ltnIos-
water,
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Figure 4-2’. Moisture retention curves - three soil types
(Soilmoisture Equipment Corp., 1983)
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Another fact, brought out by the graphs on Figure 4-2, ~S that $iltY ~~~Y
soil with 30 percent moisture, if placed in contact with ~ sandy soil with only
1[1percent moisture will actudlly suck mo~st.ure out of the sandy soil until the
moisture content in the sandy soil is only 5 percent. This is due to the
greater soil tension in the fine Cldy texture.

4.2 PORE-LIQUID SAMPLING EQUIPP?ENT

bkll and open c~vitie> ((~nnot.be used to collect solution flowing in the
unsaturated zone under >ucti[>r](negative pr~ssures). The sampling devices for
~ucl] unsaturated medi~ d!’t’t.hu> i:~lled suction samplers or lysimeters. Everett
et al. (1983) provid~s all in depth evaluation of the majority of unsaturated
zone monitoring equipmenL. law Engineering and Testing Company (1982) provides
d description of soll!eof thy .ivuilable suction lysimeter-s (Appendix D). Three
Lypes of suction Iysimeters (Ir(l(1) ceramic-type sampler~, (2) hollow fiber
s~]mp]er~l and (3) membrane 7~ll.(>?-smplers.

becau~e of the: p~te;lti~l for macropnt-e flow, pan lYsimet,rY shoujd be
{Imp1eyed for soil-po~’e liquid morlitoring in addition to su~tlon lY~lmetrY
during the treatment denmnstratio!~. While pan Iysimeters (e.g., 9~as$ block
:,~w}plers) ar~ not at present commercially available, they are relatively easy
t.~) zonsti.urt and instrument iR.R. pariz~k, personal Communications 1984!’
Howt’Y[?1., instdllatioo will require fi}oreskill and effort than suction lysl-
Illett: r-s (k’. . Shaffer, personal communication, 1984).

4’.’,1 Ceramic-Ty pe 5amplers----.—— — .——

Two types of samplers Are constructed from ceramic material: the suction
[.LJp ,)nd the filter candle. Hoth operate in the same manner. Basically,

ceriio]ic-type samplers con]p~is~ the smw type of ceramic CUDS used in tensio-
w~’t,ers. When pl~ced in the soil, the por~?s in these cups become an ext.ensiorl
of the pOr-E’~pace of the $oil+ Although cup$ have limitations, at the present
time they appehr to be the best tool av~ilable for sanpling unsaturated media,
particul~rly in th[? field, The use of tsflon for the body tube parts and the
porous segment (instedd of d porou~ ceramic) mdy reduce the chemical inter-
action between the s~mplet- ~nd T.ho hazdrdous wdst.e,
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In operation, soil water is drawn into the collector system by capil~ar-
lty. Subsequently, water flow? in the collector rheets toward the gl~ss fiber
wick~ as a result of the suction applied to the filter holder
,!>:,i?[llbly. The glass fiber prefilter minimizes clogging of the membrar}e filter
LJ,Yfin~l mdterial in the soil solut,ion.

During field tests with the s~mp’ler, it. was crbserved that ~dmpling rates
dt~.re.i~edwith decreasing soil-water content. The “wick and ~ollectur’” system
prr~vided corrtdc& with a re!(!tivrly Iarg[? are~ of the soil and ~ favorable
:,<~!l~~jl iIIL~ rdtp wd5 maintained ev(II\when the “collector “ becdme blocked with fink?
.,l)i!, Ti]e basic sampling unit ~Jli be useci to depths of 4 meters.

l.;).~l Pan Lysimeters—...—

li]~’~<{’,Ire d numbet- (.Jt desi~]ll> f[9r pan-type ]yslmeters. Parizek and Lane
( :Ciiu,!!,:ofistructed a 12x15 inch p.~n Iysinleter (Figure 4-9) from 16 gauge sheer.
[l!{>~~il. [{arbee (1983) emk~lOyPCl ~ p~’r[urated 12x12 inch glass brick, the kind
LjL,(:Iiirlw(3sonry crjnstructlont as d pc~n ly<inreter (Figure 4-10). Shaffer et al.
~ ~1.]]g)~j~,viseda 20 crn diameter pATI lysimeter with ~ tension pl?t.e capable of
;J!il ! ‘!1{’ , L centibars of tension. A pan Iysirneter can be constructed of any
IIU!I-PCJNIU’Srn[iteridlprovided a ieachate-pan interaction ~vlll not jeopardize the

[j(ii?Y of ~.ht;Inonitorinq objectives.,,,1 The pan itself may be thought of as a
.,!l<:\low”drdft: funnel’ M~ter drail!inq freely t,hr’ough the macropores will
,,)l~,.~tillf,~e soil j~js~ above the pall ~avityw When the tension in the cOllec-
1,ifl~,Watt’r reaches zero, dripping will i!litlate and the pan will funnel the
i[!JLt\dtt’into a tampling bottle. !he USP of t] tension plate or a fine sand
p,ickit~greduces the extc?nt of c~oillar’)~ percthing at. the cavity face ~nd pro-
L+CIIF:,Free watr?r flow into t.hc pan.
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It-tmost cases, the lysimet~r of choic~ at land treatm~nt units will be
pressure-vacuum ceramic lysimeters. Teflon modpls have certain limitations
which preclude their use at. soil suction conr!itions recommend~d for land
trt~atment units (Everett et. al., 1986) Most pressure-vacuum Iysimett?rs ard
reasonably priced, commercially available, and easy to install’ In addition, a
constant vacuum apparatus is not required. They cart be used in situ at depths
well within the requirements of land treatment units and can produce a large
t~mpl~ volume. Body tubes of various lengths are available to complinrent the
volume and sample depth requirwents.

Free drain?ge lysimetprs [,~[ionly sample and thus monitor the movement of
gr(lvitational water wh(~n pr~’cipitatiorr is equal to 0?” gr~ater than field
capacity requirements or when th~>r~> is a larg~ water input intu the soil
(Parizek and Lane, 197i); Ti~dr(}~ and McGarit.y, 1976; Fenn et al., 1977).
Howev6?r, in the unsaturat,~cl zt)nc of soils, most water movement is in the wet
moistur-e range (O to -.50 kP~ soil moisture t~nsions, Reeve and Ooerinq, 1965),

and in well structured soils thl’o~lghnmcropores (Shaffer et a~!, 1979), which
accounts for th~ vast rnajorit..vof th(’ wnt~r and chemical constituents that carI
be lost from the soil by li~aching. Free drainage samplers have the following

chiiracteristics:

1)

2)

3)

4)

5)

6)

7)

H)

It is a continuously sampling “collection” system without the
need for externally applied vticuLJm.

Because vacuum is only us~d to pull th~ sample to the surface,
there is less potentldl for los~ng vol~t.ile compounds in the
sample obtained.

Its defin:?d surface ar-{’,]may allow quantitative estimates of
leachate.

The method of installation allowc monitoring the natural

percolation of liquids thrf~ugh the unsaturated zone without
alteration of flow.

If made of chemically int~rt matf~rials (i.e., glass), it has
less potential f(]r ~’lt~’rinq thf’ chemical composition of a
sample obtaived by it..

Since thv insid{c of tho [lla~~; bIOCk type is uneven, the
pot?ntidl exists fot’ (;ross f:!jntamindt ion from residual

Scln!pl?s.

if th[j :Jl,I~’,block> ,ir$’not lll,t<~l]~dp(~rf[~ct.lylevel, a Sump

nr CO1 lt’ctiori drt’d c drl f(’$u) t in dedd >pace where the sample
cdr~nfltII(’t’t’mov(’rl.

Pan ly~lowtt’r, r{’quir” t~lflctlffl[:tu t>!’inst.211ed. At !and
tr’(’dtilr~nt ,itt’> WII(’I’P t.h~’ fl’f’(itiilf’t)t :ont includes 1.5 m (5 ft)
[!t[J’> (,ww build UI) of !Ilt I,JII(I iu~f,]c~, the trenches may
r-!~[~~ji rf~ “’,+(:”lrlq lf; J. “
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(2)

(3)

(4)

(5)

(6)

(?)

Map each uniforinareo by establishing two base lines at right
angle- to each other which intersect at an arbitrarily selec-
ted origin, for example, the southwest corner. Each baseline
should extend to the boundary of the uniform area.

Establish a scale interval along each base line. The units of
this scale may be feet,, yards, miles, or other units depending
on the size of the uniform area. Bath base lines must. have
the same scale,

Draw two random oumt.ier-sfrom a random numbers table (usually

atailab~e in firrybasic stat~stics book, see Appendix A). use
these numbers to locate one point. along each of the basg
lines,

Locate the intf?rsection of two lines drawn perpendicular to
these ’’twobaseline points. This intersecticr~) represents one
rarldorrilyselected loctitinn for installation of one soil-pore
liquid device, If thi~ ‘location at the intersection is
outside the uniform are~ or is within 10 m of another ?uca-
tion, disregard and r~peat the above procedure,

For soil-pore,liquid monitoring, repeat the above. proceciure a$
manytimes as aecess~ry to obtain six, locations for installa-
tion of a soil-pore l~quid monitoring devjce (location) per’
uniform area., hut no less th?n”.two devices per 1.5 ‘hectarti$
(“4acres), Mtinitoring at thes~ same randomly s%lmted locps-
tiorrs will cbnti!lue throughout the” land tr~atm~nt. unit life
(i.e., devices do no{ have to be relocated at every sairrpl’ing
event).

If the device rriustbe rkplacedfot- some reasona’qo tbr,~ugh the
procedure ag~in to gets new location.

One point should be {ilade ;;e.gar-dingrandomly locating, tisojl-por~ iiquid
monitoring devices in the active portion according to ttie pr~cfidure .sp~tified
above. In order to prevent Operational ~nconv&nience and sampling blasZ the
monitoring system should be designed artriinstalled so thvt the above-ground
portion of the device is locateti at.least 10 m-sters (30 fe~t,) from the sampling
location. If the ab@ve-grourrd portion ot the device is Incated iinm~diat~ly
iib~:iiithe sampling (i@vicei the sarnplin~ location will often be avoided because
of op~ratibnal diffic~]?ti~s+ Thu$ , sampl?s col’iccted at this location will be
biased and not representative of the treated are~, ‘Thi distance may be sh~rt.er
thari 10 m (3Q ft.) if t.h~ oper,>t.orcan ~n:,lireno s.ampTing’bias (i,e., hazardous
~aste tre~~tment practices abave tht> sampl~yr will be th(’ snme as the rest of’ tlia
uniform area) due’to operational practices.,



The ekd~t location of each sampler on the active and background ar@~S
should be deslgfi~tedon a detailed map of the treatment area, Subsequently, a
surveying crew should be sent into the field to precisely locate the coordin-
ates of the sites in reference to a pwmanent marker. This step Is important
to facilitate future ,recoveryof any failed samplers,

Background cancentratlons of hazardous constituents can be established
using the following pr~cedures,

(2) ColIect. a sample f’romeach of the soil-pare liquid monitoring
devices on at least a quarter)y basis for at lea$,tone year,
If liquid is not present at a regularly scheduled sampling
event, a sample should he collectedafter ‘a rainfall has
occurred.

The active portion of a land treatment unii
the following procedures:

(1) The owner or operator should install’
monitoring devices at randomly selected

can be SamplF!G using

six soil-pore liquid
locations per uniform

area, but-no lRGS than two c!e~icesper 1.5 hectares (4 acres),
A uniform area is an area of the active portion of a Iarid
t}watment unit.which is composed of soils of the same soil
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Figure 4-13. Location of suction lysimete&
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