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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.



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.



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 (g264.278) 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 elements
0¥ an unsaturated zone monitoring program and to assist individuals in develop-
ing and evaluating these programs. The scope of this document covers unsatura-
ted zone monitoring at hazardous waste land treatment units. This guidance
will be useful to both owners or operators of hazardous waste land treatment
units and officials in implementing the unsaturated zone monitoring require-
ments (§264.278) contained in the hazardous waste land treatment, storage, and
disposal regulations (40 CFR Part 264).

This report stresses the selection and application of unsaturated zone
monitoriny equipment. Both soil core and soil pore-liquid monitoring equipment
are highlighted. Sampling protocols, including sampling design, frequency,
depth, and sample number, are also presented. These protocols (with minor
modifications) are derived from guidance previuusly issued by EPA (EPA, 1983a;
EPA, 1983b). These protocols, whi % represent interim guidance, are currently
being evaluated in EPA's research program,

Land treatment is a viable management practice for treating and disposing
of some types of hazardous wastes. Land treatment involves- the application of
waste on the s$oil surface or the incorporation of waste into the upper layers
of the soil (the treatment zone) in order to degrade, transform, or immobilize
hazardous constituents present in hazardous waste. The unsaturated zone
monitoring program must include procedures to detect both slow moving hazardous
constituents as well as rapidly moving hazardous constituents. This i35 best
accomplished through a monitoring program including both soil core and soil
pore liquid monitoring. Both soil core monitoring and soil pore liquid moni-
toring in the unsaturated zone are discussed in this report. In addition, the
unsaturated zone monitoring requirements (§764.278) for background and active
portions of land treatment units are briefly reviewed, Procedures for randomly
determining the location of soil core and pore-liquid sampling sites .in both
the background areas and cctive portions are presented., Sampling depth and
frequency are fully evaluated. Soil core monitoring and pore-liquid monitoring
equipment are described. Selection criteria for each of the monitoring appara-
tus are presented. The field implementation and operating requirements for
each piece of equipment is presented in a step-by-step format. Sample collec-
tion, preservation, storage, chain of custody and shipping are presented.

The unsaturated zone monitaring requirements (§264,278) mentionad above
consist of performance-oriented statements and rules, and, as a result, are
also general in nature., This provides maximum flexitility to the owner or
operator in designing and operating an unsaturated zone monitoring progrem.
However, the permitting official must render a value judgment on the accepta-
bility of the particular monitoring system design proposed for each land
treatment unit. FPA wishes to emphasize that the specifications in this
document are guidance, not regulations,



Although not adsressed in this document, groundwater monitoring is also
required at hazardous waste land treatment units. Requirements pertaining to
groundwater monitoring are provided in Subpart F of Part 264.

1.0 BRIEF SUMMARY OF REGULATIONS

Under the authority of Subtitle C of the Resource Conservation and Recov-
ery Act (RCRA), EPA promulgated interim-final regulations for the treatment,
storage, and disposal of hazardous waste in land disposal facilities or July
?b, 1982 (40 CFR, Part 264). Included in these regulations were standards
applicable to hazardous waste land treatment units. Section 264.278 of these
requlations requires that all land treatment units have an unsaturated zone
monitoring program that is capable of determining whether hazardous constitu-
ents have migrated below the treatment zone. Appendix C contains a reprint of
the 5264,278 regulations and supporting preamble. The monitoring program must
include both soil-core and soil-pore liquid monitoring. Monitoring for hazard-
ous constituents must be performed on a background plot (until background:
levels are established) and immediately below the treatment zone (active
“portion). The number, location, and depth of soil-core and soil-pore liquid
samples taken must allow an accurate indication of the quality of soil-pore
liquid and soil below the treatment. zone and in the background area. The '
requlations require that background values. for soil-pore-liquid be based on at
least quarterly sampling for one year on the background plot, whereas back-
ground s0il core sampling values may be based on one-time sampling. The
frequency and timing of soil-core and soil-pore liquid sampling 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
of precipitation. The Regional Administrator will specify in the facility
nerpit the sampling 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 regulations provide
the option of monitoring for selected indicator hazardous constituents, rofer-
red hereafter as "principal hazardous constituents (PHCs)," in lieu of all
hazardous constituents.

1.2 OTHER AVAILABLE GUIDANCE

Four EPA documents are available which complement the material in this
document on unsaturated zone monitoring. Hazardous Waste Land Treatment
(SW-874) (EPA, 1983a) provides infermation on site selection, waste charac-
terization, treatment demonstration studies, land treatment unit design,
operation, monitoring, closure, and other topics useful for design and manage-
ment of land treatment units. Test Methods for Evaluating Solid Waste (SW-846)
(EPA, 1982b) provides procedures thaf may be used to evaluate the characteris-
tics of hazardous waste as defined in 40 CFR Part 261 of the RCRA regulations,
The manual encompasses methods for collecting representative samples of solid
wastes, and for determining the reactivity, corrosivity, ignitability, and
composition of the waste and the mobility of toxic species present in the
waste. The RCRA Guidance Documert: Land Treatment Units (EPA, 1983b) identi-
fies specific designs and operational procedures that EPA believes accomplish
the performance requirements in RCRA Sections 264.272 (treatment demonstra-
tion), 264,273 (design and operating requirements), 264.278 (unsaturated zone
monitoring), 264.280 (closure and post-closure care).




A state-of-the-art document entitled Vadose Zone Monitoring at Hazardous
Waste Sites (Everett et al., 1983) describes the appTicability of vadose zone
monitoring techniques to hazardous waste site investigations. Physical, chemi-
cal, geologic, topographic, geohydrolegic, and climatic constraints for vadose
zone monitoring are described. Vadose zone monitoring techniques are categor-
ized for premonitoring, active, and post-closure site assessments. Conceptual
vadose zone monitoring approaches are developed for specific waste disposal
units including waste piles, landfills, impoundments, and land treatment units.

1.3 SOURCES OF DATA

The main source of soils data is the Soil Comservation Service (Mason,
1982). This Federal agency has offices in each county and also has a main
office for each state. The soil survey reports that are produced by the agency
provide maps, textural, drainage, erosion, and agricultural information. In
addition to the soil survey reports, each county office usually has aerial
phctographs that provide general information or the soils in a particular area.
A local soil scientist often can provide detailed information on the area
around the site.

A second source of soils data can often be obtained from the agricultural
schools in each state. The Agronomy or Soils Departments often have valuable
information thal 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 of the
university.

A third source of information om soils in an area is found in County and
State Engineering Offices and in the Department of Transportation or Highway
Departments of the states. Local drillers that have worked on construction
srojects or have drilled water wells in the area can often provide information
on the soils and also on sources of information about an area.

Regardless -of the source of historic data, however, a recent detailed
assessment of the soils at the particular site should be made by a qualified
coil scientist. This will account for any changes that may have occurred at
the site over the years, and provide the necessary detail to evaluate local
soil conditions.



SECTION 2
UNSATURATED ZONE DESCRIPTION

Monitoring is carried out at hazardous waste land treatment units for two
primary reasons: (1) to assess the efficiency of the soil processes that
degrade incorporated wastes, and (2) to detect the migration of hazardous
constituents beneath the trea* .t zone, The "treatment zone" refers to the
area in which all degradatic.., transformation, or immobilization must occur
(EPA, 1982a). The maximum depth of this zone must be no more than 1.5 m
(5 feet) from the initial land surface and at least 1 m (3 feet) above the
seascnul high water table (EPA, 1987a). .

The geological profile extending from ground surface (including the
treatment zone) to the upper surface of the principal water-bearing formation
Is called the vadose zone. As pointed out by Bouwer (1978), the term "vadose
zone" is preferable to the often-used term "unsaturated zone" because saturated
regions are frequently present in the vadose zone. The term "zone of aeration”
is aiso often used synonymously. In this report we shall use the term
"unsaturated" to be consistent with the terminology used in the regulations.
Davis and De Wiest (1966) subdivided the unsaturated zone into three regions
desigrated as: the soil zone, the intermediate unsaturated zone, and the
capillary fringe (Figure 2-1).

2.1 SOIL ZONE

The surface soil zone is generally recognized as that region that mani-
fests the effects of weathering of native geolugical material., The movement of
water in the soil zone occurs mainly as unsaturated flow caused by infiltra-
tion, percolatica, redistribution, and evaporation (Klute, 1965). 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 wunsaturated soil-water movement has been intensively
studied by soil physicists, agricultural engineers, and microclimatologists.
In fact, copious literature is available on the subject in periodicals (Journal
of the Soil Science Society of fmerica, Soil Science) and books {Childs, 1969;
Kirkham and Powers, 1972; Hiliel, 1971, Hillel, 1980; Hanks and Ashcroft,
1980). Similarly, a number of published references on the theory of flow in
shallow perched water tables are available (Luthin, 1957; van Schilfgaarde,
1370). Soil chemists and soil microbiologists have also attempted to quantify
chemica) microbiological transformations during soil-water movement (Bohn,
McNe?l, and 0'Connor, 1979; Rhoades and Bernstein, 1971; Dunlap and McNabb,
1973). ‘



3uU0Z ISOPTA 3Y] UL UOLIIIS SSOUD JuUBWILDA] pue| dijeumeabeig “1-2 a4nbi

RN G SEEEE G MR e SEES SR  GREES  WSAL R SRS G G SEAN AN e SRR NN NG NS AGGWS A woi
- — — a—— v m—— — —— o— — : a— —— — — —— m— — m— ——

R R e e " — — — — — —— —— ——

."'iil‘l""\"'li.I'l."l-l.‘l'nl!.il'!'ltll

AR NN
3ON|H3 AHY 1114V

|
|

.. a... ° ... .—mwﬁg__nvm uc. -,m,....r..u. 2 ....a. LT T
. s - -t a ™ T e Lt et )
5 ......‘. . wc HOlRI0dUag s 2 S P T T AT < e
; S A lln-.sllsf.r.w. |||||| T e
- - T "% ~ - - . l.’ . - -~ .
-...u”- PRI LI S e PP _.\,...3. i
M ... -... PR € - 3 0- .....io. 4" -T'.l - ...,6 -t M- ' 3.. ..-. szN E
- o \n. .., - ", . . P— Lo
i a- et T S 3S0O0vA

MOt LVYHIV

40 INOZ T e e e e e e e B e

A L R e ez umoc<> wz_omzmmﬁé (14°G 01 dn]
A S TR R ..,.,.: o e ;.A..ﬁ‘..a.u u auoy
-...f‘..v..,!....,.....‘....wl., el s ”.. .w....:...-.o ludwieasy

an.-.;u ..Mc._uma..... SR _—OMQr—“C_ ...1..v» 0. ‘a-.n et ..:. _..ar

PR E S Ray SUOnosY _saaﬁ,.cw..rqnar I o

P es tar el et o, pueedibojoig L e xf et 0, . 7108 " o (4 160

n‘anncac.v. 'a-w T S R M 41.WZON. wom

b ¢ 8 LN 3 l-l!tQ|lA rrann?” Vd .

pajjonuo)

1105 8y} uipdiesodiodu} pue
3B JO-URY  payjddy wwwEL_o_ED saisem
pUE LO-URY

uoieiodioou|
» a hd N
....“M 3 blnl‘;‘/lwo &CON ».||H|l|l'

P

" suoissiwg €09 pue
uonendidelg snoasen) pue 1odep,
911.joA 131epm



2.2 INTERMEDIATE UNSATURATED ZONE

Weathered materials of the soil zone may gradually merge with underlying
deposits, which are generally unweathered, comprising the intermediate unsat-
urated zone. In some regions, this zone may be practically nonexistent, the
c0il 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
geologic cross section through an unsaturated zone in an alluvial basin in
California. By the nature of the prscesses by which such alluvium is laid
down, this zone is unlikely to be uniform throughout, but may contain micro- or
nacrolenses of si1ts and clays interbedding with gravels. Water in the inter-
mediate unsaturated zone may exist primarily in the unsaturated state, and in
regions receiving little inflow from above, flow velocities may be negligible.
Perched groundwater, however, may develop in the interfacial deposits of
regions containing varying textures. Such perching layers may be hydraulically
connected to ephemeral or perennial stream channels so that, respectively,
temporary or permanent perched water tatles may develop. - Alternatively,
caturated conditions may develop as a result of deep percolation of water from
the soil zone during prolonged surface application. Studies by McWhorter and.
Brookman (1972) and Wilson (1971) have shown that perching layers intercepting
downward-moving water may transmit the water Jaterally at substantis) rates.
Thus, these layers serve as underground spreading regions transmitting water
laterally away from the overlying source area. Eventually, water leaks down-
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 soil zone greatly exceeds
the studies in the intermediate zone. Reasoning from Darcy's equation, Hall
(1955) developed a number of equations to characterize mound (perched ground-
water) development in the intermediate zone. Hall also discusses the hydraulic
energy relationships during lateral flow in perched groundwater. Freeze (1969)
attempted to describe the continuum of flow between the soil surface and
underiying 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
sone is not characterized as much by the nature of geological materials as Oy
the presence of water under conditions of saturation or near saturation.
Studies by Luthin and Day (1955) and Kraijemhoff van deleur (1962) have shown
that both the hydraulic conductivity and flux may remain high for some vertical
distance in the capillary fringe, depending on the nature of the materials. In
general, the thickness of the capillary fringe is greater in fine materials
than in coarse deposits., Apparently, few studies have been conducted on flow
and chemical transformations in this zone. Taylor and Luthin (1969) repurted
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
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flows in a lateral direction within the capillary fringe in close proximity to
the water table. Because o0il and water are immiscible, oil does not penetrate
below the water table, although some dissnlution may occur.

The overall thicknes¢s of the unsaturated zone is not necessarily constant.
For example, as a result of recharge at a water table during a waste disposal
aperation, a mound may develop throughout the capillary fringe extending into
the intermediate zone. Such mounds have been cbserved during recharge studies
{e.q., Wilson, 1971) and efforts have been made to quantify their growth and
dissipation (Hantush, 1967; Bouwer, 1978).

As already indicated, the state of knowledge of water movement and chemi-
cal-microbiological transformations is greater in the soil zone than elsewhere
in the unsaturated zone. Renovation of applied wastewater occurs primarily in
the soil zonme. This observation is borne out by the well-known studies of
McMichael and McKee (1966), Parizek et al. (1967), and Sopper and Kardos
(1973). These studies indicate that the scil is essentially a "living filter”
that effectively reduces certain microbiological, physical, and chemical
constituents to safe levels after passage through a relatively short distance
(e.q., Miller, 1973; Thomas, 1973). As a result of such favorable observa-
tions, a certain comolacency may have developed with respect to the need to
monitor only in the scil zono,

Dunlap and McNabb {1973) point out that microbial activity may be signifi-
cant in the regions underlying the soil. They recommend that investigations be
conducted to quantify the extent that such activity medifies the nature of
pollutants travelling through the intermediate zone.

For the soil zone, numerous analytical techniques were compiled by Black
(1965) into a two-volume series entitled "Methods of Soil Analyses." Monitor-
ing in the intermediate zone ard capillary fringe will require the extension of
technology developed in bnth the soil zone and in the groundwater zone,
Examples are already available where this approach has been used. For example,
Apaar and Langmuir (1971) successfully used suction cups developed for in situ
sampling of the soil solution at depths up to 50 feet below a sanitary land-
fill, J.R. Meyer (personal communication, 1975) reported that suction cups
were used *tn sample at depths greater than 100 feet below land surface at
cannery and rock phosphate disposal sites in California.

2.4 FLOW REGIMES

Both sail-core and soil pore-liquid monitoring are required in the unsat-
urated zone. These two menitoring procedures are intended to complement one
another, Soil-core monitoring will provide irnformation primarily on the
movement of "slower-moving" hazardous constituents (such as heavy metals),
whereas soil pore-liquid monitorina will provide additional data on the move-
ment of fast-moving, highly soluble hazardous constituents.

Current literature on soil water movement in the unsaturated zone des-
cribes two flow regimes, the classical wetting front infiltration of Bodman and
Colman (1943) and a transport phenomena labeled as flow down macropore, non-
capillary flow, subsurface storm flow, channel flow, and other descriptive
names, but hereafter referred to as macropore flow. The classical concept of



infiltration depicts a distinct, somewhat uniform, wetting front slowly advan-
cing in a Darcian flow regime after a precipitation event. The maximum s0il
moisture content approaches field capacity. Contemporary models combine this
classical concept with the macropore flow phenomena.

2.4.1 Darcian Flow

The fundamental principle of unsaturated and saturated flow is Darcy's
law. ln 1856 Henry Barcy, in a treatise on water supply, reported on experi-
ments of the flow of water through sands. He found that flows were propor-
tional to the head loss and inversely proportional to the thickness of sand
traversed by the water. Considering generalized sand column with a flow rate Q
through a cylinder of cross-sectional area A, Darcy's law can be expressed as:

. hi
Q= KA (2-1)

More generally, the velocity

v = % = K %? | (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) 1s an apparent one, defined 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 sidte conditions 4and is
applicable only within the laminar range of flow where resistive forces
govern “low. As velocities increase, inertial forces, and ultimately turbu-
lent flows, cause deviations from the linear relation 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

Tie macropore flow phenomena involves the rapid transmission of free
water through large, continuous pores or channels to depths greater than one
would expect if flow was evenly distributed. It is important to note that
this secondary porosity 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 less 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 conient, the intensity and duration of the precipitation
event and the nature of the macropores (Aubertin, 1971; Quisenberry and
Phillips, 1976). Macropores need not extend 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 macropores, Bouma et al. (1979)
reported that planar pores with an effective width of 90 um occupying a



volume of 2.4% were primﬁrily responsible for a relatively high hydraulic
conductivity of 60 cm day "~ in a clay soil. Aubertin (1971) found that water
can move through macropores very quickly to depths of 10 m or more in sloping
forested soils. Liquid moving in the macropore flow regime 1is Tikely to
bypass the soil solution in intraped or matrix pores surrounding the macro-
pores and result in only partial displacement or dispersion of dissolved
constituents (Quisenberry and Phillips, 1978: Wild, 1972; Shuford et al.,
1977 %issel et al., 1973; Bouma and Wosten, 1979; Anderson and Bouma, 1977).

The current concept of infiltration in well structured soils combines
both classical wetting front movement and macropore flow. Aubertin (1971)
found that the bulk of the soil surrounding the macropores was wetted by
radial movement from the macropores sometime after macropore flow occurred.
A number of researchers have presented mathematical models in an attempt to
explain the macropore flow phenomena (Beven and Germann, 1981, Edwards et
al., 1979; Hoogmoed and Bouma, 1,80; Skopp et al., 1981).

Thomas and Phillips (1979) lisled four consequences of rapid macropore
flow:

{3) The value of a rain or irrigation to plants'will general-
ly not be so high as anticipated since some of the water
may move below the root zone. ‘

{11) Recharge of groundwater and springs can begin long before
the 5911 reaches field capacity.

(ii11) Some of the salts in the 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 bypassed and remain near the
soil surface. :

{(iv) Because of this, it is not likely that water w111‘carry a
surge of contaminants to groundwater at the same time
that is predictable by Darcian theory.

The occurrence of macropore flow poses 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 through the treatment zone and not receive full treatment. Under

i

this short circuit scenarin groundwater contamination .is probable.

Gecause of the above concerns, the extent of macropore flow within the
treatment zone of the proposed fand treatment site should be fully evaluated in
the treatment demonstration, which is required for all land treatment units in
5264272 of the requlations. This may be accomplished through a monitoring
program including both suction and pan-type lysimeters, This evaluation will
4ssist in determining the acceptability of the site for land treatment and in
defining the most appropriate soil pore-ligquid menitoring approach for that
¢ite. Owners and operators of sites at which macropore flow is the dominate

flow regime may be unable to demonstrate successful treatment within the
treatment zone,

10



SECTION 3
SO1L-CORE MONITORING

The purposes of this section are twofold: (1) to describe representative
devices for obtaining soil cores during unsaturated zone monitoring at land-
frestment units, and (2) te describe procedures for obtaining soil samples
using these devices.

3.1 GENERAL EQUIPMENT CLASSTFLCATION

$0i1 sampling devices and systems for unsaturated zone sampling are
divided irto twe general groups, namely: (1) those samplers used in conjunc-
tion with multipurpose or auger drill rigs and (2) tihose samplers used in
conjunction with hand-operated drilling devices. In most cases, the hand-
operated drilling device is also the sampler,

3.1.1 Sampling with Multipurpose Drill Rigs

for most circumstances the use of hollow-stem augers with some type of
(ylindrical sampler will provide a greater level of assurance that the 5011
being sampled within the unsaturated soil zone was not carried downward by the
hole excavating o: .sampling process. For some situations, such as sampling
dense to very dense or stiff{ to very hard ground, the use of multipurpose
auger-core-rotary dritls will be necessary. Ffor some geologic circumstances
the use of continuous flight augers will provide an adequate driiling method.

3.1.1.1 Multipurpose Auger-Core-Rotary Drill Rigs--

Multipurpose auger-core-rotary drill rigs are generally -manufactured with
rotary power and vertical feed control to advance both hollow-stem augers und
continuous flight (snlid-stem) augers to depths greater than 100 ft (30 m).
These same drills have secondary capability for rotary and core drilling. The
larger of these drills have 00 to 130 HP power SOUrCesS ‘and are typically
wounted on 20,600 to 30,000 1b GVW trucks. The same multipurpose drill rigs
are readily available in North America on both rubber-tired and track-driven
all-terrain carriers. The smaller of the multipurpose drills have 40 to 60 HP
power sources and are typically mounted on frailers or one-ton, & x 4 trucks.

3.1.1.2 Auger Urills-- '

Auger drill rigs are <imilar to multipurpose auger-core-rotary drill rigs.
They are manufactured specifically for efficient auger drilling but do not have
the pumps and hoicts that are required for efficient core or rotary drilling.
There are relatively few auger drills available in comparison to multipurpose
auger-core-rotary drills.

11
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bolo1.h Hollow-Stem Auger Dritling and Sampling

The tonls used for holiow-stem auger drilling {Figure 3-1) consist of
catee components:  hollow auger cpctions, hollow auger head and drive cap, and
Caner L pmponents: pilat assembly, uventer rod column and rod-to-cap adaptor.
S e tions are typically b ftoan Tenath and are interchangeable for assem-
ST oan articulated but continuously {1ighted column. Drilling progresses in
o chorter increments . Sampling can be accomplished at any depth within a
Haltong inerement . Onocompletion of a b ft {1.5 m) increment of drill-

Loanother St section of hotlow avaer and center rod is added. Hollow-stem

e manufactured and ave readily available with inside diameters of ».25

T oL . 3.05 dnL, 307h e, A0Th in., 6.25 in. and 8.75 in. In gensmal,

v by i accomplished by vemoving the pilot assembly and center rod and
< ertang the sampler throuoh the hollow axis of the auger {(Figure 3-7).

[N

L4 Continueus Fhiaht Adaer il Yino and Samplinag

wien  continuous  f1ight {nolid-<tem) augers are used for sampling, the
Cmptete articulated column ot hott wections must be removed from the borehole
Pogure t-3), This method can provide an adequately clean borehole in some
i arvned aily, When the centinuous fiight auaer methad is used in caving
L oqueesing uround (Figure 3.4). the guality of sample and the origin of the
Cerovrped sample i€ questionable.

Cooron tyloedercal Soild Samjrlers

Cyvlindrical samplers are either pushed or driven in sequence with an
Dncrement of drilling or advanced cimul tancouslv with the advance of a hollow
apvget oo bumng

St ot A1 Thin walled volumetric semplers--Thin wall volumetric {Shelby tube)
camp lers {f%qc}e“§?§7“h?$””EEE?W&“AV&%1EFTb in 2 in., 3in. and 5 in, OD.and are
commonty 30 in. in length.  The 3 i, QD x 30 in. length sampler is most
common.  During the manufacturing provess, the advancing end of the sempler 1%
rolled Anwardly and machined to a cutting edge thet is usually snaller in
deameter than the tude 1D, The cutting edge 10 reduction, defined as a
" leavance ratio’, s ousually i the range of 0.0050 to 6.0150 or 0.50% to
Posie {(Refer to ASTM EETAR

When Shelhy tubes are pushed into woil, the sample recovered is pften Tess
than the distance pushed, t,e., the recovery ratio is less than 1.0.  The
secovery rabio i ustuatly Jess than one hecause the friction between the soil
onit the tube 1D hevomes yreater than the shear strength of the soil in front ot
the tube: concequentiy, cail in front of the advancing end of the tube 1is
displaced laterally rather than entering the tube (See Hvorslev 1949), The
Campler tube 15 usually connectod with set sorews o a sampler head which in
turn is threaded to connect with otandard drill rods. The sampler head ysually
han a ball check valve for sampling below the water level.

Platic uealing caps (Hivures  3-6A and 3-6B) and other soil sealing
devy ey are rieadily available tor the 7o, 13- and S-inch diameter tubes. Shelby
taben are commonly available o Carbon nteel but can he manufactured from other
metal tuhing,
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Figure 3-6A. Shelby tube with acetal plastic soil 'seal inserted
(Courtesy Acker Driil Company, Inc.)

Figure 3-6B, Trimming tool, applicator rod, and seals with
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 sempler consists
of two split-Barre] halves, a drive shoe and a sampler head containing a ball
check valva, all of which are threaded together for the sampler assembly. The
most common size has a 2 in. OD and a 1.5 in. ID split barrel with a 1,375 in.
ID drive shoe. This sampler is used extensively in geotechnical exploration
{Refer to ASTM D1586). When fitted with a 16 gage liner, the sampler has a
1,375 in. ID throughout. A 3 in. OD x 2.5 in. ID split-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. 0D to 4.5 in. 0D 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 (Figure 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 he uséd with or without Tiners of various metallic
and non-metallic materials. Clear "plastic" liners are often used. Usually
two 30-inch liner sections are used,

3.1.1.5.4 Peat sampler--At some sites, the soils may contain sufficient
organics such that a peat sampler may provide an adequate sample. This sampler
consists of a sampling tube and an internal plunger containing a cone-shaped
point, which extends beyond the sampling tube, and spring catch at the upper
end. Prior to sampling, the unit is forced to the required depth, then the
internal plunger is withdrawn by releasing the spring catch via an actuating
rod assembly. The next step is to force thé cylinder down and the undisturbed
s0il to the required depth, and then withdrawing the assembly with the collec-
ted sample. According to Acker (1974), the sample removed is 3/4 inch diameter
and 53% inches in length.

3.1.2 Hand-Operated Drilling and Sampling Devices

Hand-operated driiling and sampling devices include all devices for
obtaining soil cores using manual power. Historically, these devices were
developed for obtaining soil samples during agricultural investigations (e.qg.,
determining soil salinity and soil fertility, characterizing soil texture,
determining soil-water content, etc.) and during engineering studies (e.qg.,
determining bearing capacity). For convenience of discussion, these sampliers
are categorized as follows: (a) screw-type augers, (b) barrel augers, and (c)
tube-type samplers. Soil samples obtained using either the screw type sampler
or barrel augers are disturbed and not truly core samples as obtained by the
tube-type samplers. Nevertheless, the samplers are still suitable for use in
detecting the presence of pollutants. It is difficult to use these drilling
and sampling devices in contaminated ground without transporting shallow
contaminants downward.

19
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Figure 3-7, Continuous sample tube system (Courtesy Central
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3.1.2.1 Screw-Type Augers--

The screw or flight auger essentially consists of a small diameter (e.g.,
13 inch) wood auger from which the cutting side flanges and tip 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 fou
attachment to extension 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 removal of the tocol, the soil is retained on the
auger flights.

According to the Soil Survey Staff (1951), the spiral part of the auger
should be about 7 inches long, with the distances between flights about the
same as the diameter (e.g., 1} inches) of the auger to facilitate measuring the
depth of penetration of the tool. The rod portion of the auger and the exten-
cions are circumscribed by etched marks in even increments (e.g., in 6 inch
increments) above the base of the auger.

Screw-type augers operate more favorably in wet rather than dry soils.
Sampling in very dry (e.g., powdery) soils may not be  possible with these
augers. ‘ .

3.1.2.2 Barrel Augers--

Basically, barrel augers consist of a short tube or cylinder within which
the soil sample is retained. Components of this sampler consist of (1) a
penetrating bit with 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 the total sampling
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 operation, the samjler is placed vertically into the soil surface and
turned to advance the tool into the ground. When the barrel is filled, the
unit is withdrawn from the soil cavity and the soil is removed from the barrel,
Barrel augers generally provide a greater sample size than the spiral type
augers.

3.1.2.3 Post-Hole Augers--

The simplest and most readily available barrel auger is the common post-
hole auger (also called the Iwan-type auger, see Acker, 1974). As shown in
Figure 3-10, the barrel part of this auger is not completely solid and the
barrel is slightly tapered toward the cutting hit. The tapered barrel together
with the taper on the penetrating segment help to retain soils within the
barrel.



Figure 3-8. Screw-type auger/spiral auger
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3.1.2.4 Dutch-Type Auger--

The so-called Dutch-type auger is really a smaller variation of the
post-hole auger design, As shown in Figure 3-11, the pointed bit is attached
to two narrow, curved body segments, welded onto the shanks. The outside
diameter of the barrel is generally only about 3 inches. These tools are best
suited for sampling in heavy (e.g., clay), wet soils,.

3.1.2.5 Regular or General Purpose Barrel Auger--

A version of the barrel auger commonly used by soil scientists and county
agents is depicted in Figure 3-9. As shown, the barrel portion of this auger
is completely enclosed. As with the post-hole auger, the cutting blades are
arranged so that the soil is loocened and forced into the barrel as the unit is
rotated and pushed into the soil. Fach tilling of the barrel corresponds to &
depth of penetration of about 3 to 5 inches (S0il Survey Staff, 1951). The
most popular barrel diameter is 33 inches, but sizes ranging from 1} inches to
5 inches are available {Art's Machine Shop, personal communication, 1983).

The cutting blades are arranged to promote the retention of the sample
within the barre!. Extension rods can be made from either standard black pipe
or form lightweight conduit or seamless steel tubing. The extensions are
circumscribed by evenly-spaced marks to facilitate determining sampling depth.

3.1.2.6 Sand Augers--

The regular type of barre! auger described in. the last paragraphs is
suitable- for core sampling in lpam type soils. For extremely dry sandy soils
it may be necessary to use.a variation of the regular sampler, which includes a
specially-formed penetrating bit to retain the sample in the barrel (Figure
3-12). : ‘

3.1.2.7 Mud Augers--

Another variation on the standard barrel auger design is- available for
sampling heavy, wet soils or clav soils. As shown in Figure 3-13, the barrel
is designed with open sides to facilitate extraction of the samples. The
penetrating bits are the same as those used on the regular barrel auger (Art's
Machine Shop, personal communication, 1983). ' -

3.1.2.8 Tube-Type Samplers--

Tube-type samplers differ from barrel augers in that the tube-type units
are generally of smaller diameter and their overall length is generally greater
than the barrel augers. These units are not as suitable for sampling in dense,
stoney soilc as are the barrel augers. Commonly used varieties of tube type
samplers include soil-sampling tubes, Veihmeyer tubes (also called King tubes),
thin-walled drive samplers and peat samplers. The tube-tvpe samplers are
preferred if an undisturbed sample is required.

3.1.7.8.1 Soil sampling tubes--As depicted in Figure 3-14, soil sampling tubes
consist of a hardened cufting tip, a cut-awav barrel and an uppermost threaded
seqment. The sampling tube is attached to sections of extension rods (tubing)
to attain the requisite sampling depth. A cross-handle is attached to the
uppermost seqgment . '



Figure 3-11. DNutch auger {Art's Macnine Shop, 1987)
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Figure 3-12. Sand auger (Art's Machine Shop, 1982)

a7




Figure 3-13. Mud auger (Art's Machine Shop, 1982)



Figure 3-14, Soil <ampling tube (Clement. Associates,
Ine., 1983)



The cut-away barrel is designed to facilitate examining soil layering and
tn allow for the easy removal of soil samples. Generally, the tubes are
constructed from high strength alloy steel (Clements Associates Inc., 1983).
The sampler is available in three common lengths, namely, 12 inches, 15 inches
and 18 inches. Two modified versions of the tip are available for sampling
pither in wet or dry soils. Depending on the type of cutting edge, the tube
samplers obtain samples varying in diameter from 11/16 inches to 3/4 inches.

Extension rods are manufactured from lightweight, durable metal. Exten-
cions are available in a variety of lengths depending on the manufacturer.
Markings on the extensions facilitate determinina sample depths.

Sampling with these units requires forcing the sampling tube in vertical
increments into the soil. When the tube is filled at each depth the handle 1is
twisted and the assembly is then pulled to the surface. Commercial units are
available with attachments which allow foot pressure to be applied to force the
campler into the ground.

3.1,2.8.2 Veihmeyer tube--In contrast to the soil probe, the Veihmeyer tube
consists of a long, s011d tube which is driven to the required sampling depth.
Components of the Veihmeyer tube are depicted in Figure 3-15. As shown, these
units consist of a bevelled tip which is threated into the body tube. The
upper end of the cylinder is threaded into a drive head. A weighted drive
hammer fits into the tube to facilitate driving the sampler into the soil,
Slats in the hammer head fit into ears on the drive head. Pulling or jerking
up on the hanmer forces the sampler out of the cavity. The components of this
sampler are constructed from hardened metal. The tube is generally marked in
pven, depth-wise increments.,

3.1.3 Hand-Held Power Augers--

A very simple, commercially available auger consists of a flight auger
attached to and driven by a small air-cooled engine. A set of two handles are
attached to the head assembly to allow two operators to guide the auger into
the sail. Throttle and clutch controls are integrated into grips on the
handles. 1t is important that, if the augers “hang up" and the operator looses
control of the machine, the operator shouid not attempt to stop rotation of the
machine by grabbing the handles.

3.2 CRITERIA FOR SELECTING SOIL SAMPLERS

Important criteria to consider when selecting soil-sampling tools for soil
monitoring at land treatment units 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 requirements of the chemical analyses,
(?) suitability for sampling various soil types, (3) su-tability for sampling
s0ils under various moisture conditions, (4) accessibility to the sampling site
and general site trafficability, (5) sample size requirements, and (6) person-
nel requirements and availability. The sampling techniques described in the
previous sections were evaluated for these criteria and the results are summar-
ized in Table 3-1. This section briefly reviews the selection criteria. The
important capability of being able to obtain a sample at depth that is not
contaminated from shallow saurces is greatly enhanced hy using the hollow-stem
auger drilling method.
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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 samplers, and split-barrel drive samplers of the
type that can be fitted with sealable lincrs. The continuous sampie tube
system must be used with the hollow auger drilling method. Shelby tube, piston
and split-barrel drive samplers are best 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 uncontaminated, soil has not fallen to the bottom of
the borehole or has not been transported downwardly by the driliing process.
Use of the hollow auger drilling method provides the greater assurance that
contamination has not occurred from the drilling or sampling processes. When
representative samples are desired and continuous flight ?so1id-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 cides 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 Sampling 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 soils. Shelby tubes can be
pushed with the hydraulic 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 soils

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 if 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 Trafficability

Site accessibility depends upon what the owner will permit. Trafficabil-
ity relates to the capability of various vehicles to reach a drilling locatioi.
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 relative
advantages of using hand-operated drilling and sampling devices involve a
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comparison of the difference in 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 Relative Sample Size

When multipurpose drill rigs are used, the saw, le size will depend only on
the size of drilling tools used. Hollow-stem auger. with 6.25-in. ID allow the
use of 5-in. 0D Shelby tubes, 6-in. 0D continuous sample tubes and 4.5-in. 0D
split barrel drive samplers. If hand-operated tools are used, the use of
larger diameter models will facilitate obtaining large samples.

3.2.5 Personnel Requiremernts

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
greater 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 (EPA, 1983b). If n random sites are
to be selecied, a simple random sample is defined 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 holds 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 anaiysis will indicate an approximate distance between two
observations for which those observations 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 soil-coring 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 taken (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,
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The location, within a given uniform area of a land treatment unit (i.e.,
active portion monitoring), at which a s0il core should be taken should be
determined using the following procedure as described by EPA (1983a, 1983b):

(1) Divide the land treatment uni (Figure 3-16) into "uniform”
areas (aa, bb, cc, dd). A uniform area is an area of the
active portion of a land treatment unit which is composed of
soils of the same soil series and to which similar wastes or
waste mixtures are applied at similar application rates.
Swales are treated as a different uniform area and are discus-
ced in Hazardous Waste Land Treatment (EPA, 1983a) under the
heading oF "hot &nut<." K 501V scientist may be consulted in
completing tnis step.

(2) Map each uniform area by establishing two base lines {0-A and
0-B) at right angles 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 scale interval (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. Do not reinitiate the use of the table but continue
from where the flast random number was selected. Use these
numbers to locate one point along each 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 5011
core. If this location at the intersection is outside the

uniform area {(x), or within 10 m ot another sampling location,
disregard this sampling Tlocation and repeat the above
procedure.

(6) For soil-core monitoring, repeat the above procedure as many
times as necessary to obtain six soil coring locations within
each uniform area of the land treatment unit. If a uniform
area is greater than twelve acres, repeat the above procedure
as necessary to provide at least two soil coring locations per
four acres. (If the same location is selected twice, disre-
gard the second selection and repeat as necessary to obtain
different locations). This procedure for randomly selecting
s0il coring lacations must be repeated at each sampling event
(i.e., semi-annually).



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

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

(2) Map an arbitrarily selected 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 selected origin. :

(3) Complete steps 3, 4, and 5 as defined above.

(8) 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 NUMBER, SIZE, FREQUENCY AND DEPTHS

Sample number in research designs is typically decided based on a liberal
estimate of the variance for a constituent as it is distributed spatially, a
specified detection increment (e.g., 5 ppb) and a confidence level for the
detection increment. The problem 'in recommending a set number of samples per
sampling 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 research, 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, frequency 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 sail cores for each 5011
series present in the treatment zone from similar soils where
waste has not been applied. The recommended soil series
classification is defined in the 1975 USDA soil classification
system (Soil Conservation Service, 1975). The cores should
penetrate to a depth below the treatment zone but no greater
than 15 centimeters (6 inches) below the treatment zone
(Figure 3-17).

{(?2) Obtain one sample from each soil-core portion taken below the
treatment zone.
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The active portion of a land treatment unit can be sampled according to
the following procedures:

(1) The owner or operator should teke at least six randomly
selected soil cores per uniform area, semi-annually. However,
if a uniform arca 19 greater than b nectares (1?7 acres), at
least two randomly selected soil cores per 1.5 hectares (4
acres) should be taken semi-annually. The cores should
penetrate to a depth helow the treatment zone but no greater
than 15 centimeters (0 inches) below the treatment zone
(Figure 3-17).

(?) The pH sample irvom the

freatment zone in each uniform area
shouid be obtained using th

&
w tollowing procedure:

a. Select one representative sample  from each soil-core
portion taken within the treatment zone.

(3) The concentrations cof hazardous constituents below the treat-
ment zone in each uniform area should be determined using the
following procedure

4. Obtain one sample from each soil-core portion taken below
the treatment rone (Figure 3-17),

3.4.1 Compositing Sawmplies

While the RCRA Guidance fucument: {and Treatment Units (EPA, 1983b) does

hol recomnena compesiting of semples, under very umiform gonditions compositing
nay be considered. The soil samples collected by the techniques described in
the previcus sections will be used for the composites.

for some of the sampling tools, such as soil probes and Veihmeyer tubes,
the sample size is generally cmall enough that the overall size of the compos-
ite is not cumbersome, Other techniques, such as barrel augers, will provide
5o much sample that a composite will be of much larger mass than required for
analysis. In this case the cample +ize should be reduced to a manageable
volume. A simple method is to mix the Lamples thoroughly by shovel, divide the
mixed soil inte quarters, and place o sanple from ecach quarter into a sample
container. Mechanical somple oplitters arve alse available. EPA  (198Zb)
recommends using the rittle technique, A viftle 15 a cample splitting device
consisting of a hopper and sesies ol chutes. Materials poured into the hopper
are divided into equal positions by the chutes which discharge alternately in
oppesite directions into separvate pans (Sorltest Inc., 1976). A modification
of the basic ritile design allows for quartering of the samples.

3.4.1.0 Compositing with o Mivang Cloth--

A targe plastic o canvas shect i oolten u.ed for compesiting samples in
the tield (Macon, l9esy. Thin method works vearonably well for dry soils but
hao  the potential Tor crons contamnation problems.  Urganic chemicals  can
create (urther problew. by reacting with the plastic sheet. Plastic cheeting,
however, 1o inespensive andooan theretore be divcarded after each sampling
site.



This method is difficult to describe., 1t can be visualized i1 the reader
will tnink of this page as a plastic sheet. Powder placed in the center of the
Jheet can be made to roll over on itself if one corner 1S carefully pulled up
amd toward the diagonally opposite corner. This process is done from each
Loraer.  The plastic sheet acts the same way on the soil as the paper would on
the powder. The soil can be mixed quite well it it is loose. The method does
wt work on wet or heavy plastic seils. Clods must be broken up before at-
tempting to mix the soil.

AMter the soil is mixed, it i< again spread out on the cloth to a rela-
tively tlat pile. The pile iw quartered. A small scoop, spoon or spatula is
uoed to collect small samples from each quarter until the desired amount of
Lorl iy acquired (this usually is about 250 to 500 grams of soil but can be
less if the laboratory desires a smaller sampie). This is mixed and placed in
the <ample container for shipment to the laboratory. The site material not
used in the sample shouid be disposed by simply depositing them back on the
tregoment zone,

1.4.1.7 Compositing with a Mixing Bowl--

An effective field compositing method has been to use large stainless
Lieel mixing bowls. These can be obtained from scientific, restaurant, or
hotel wupply heases.  They can be decontamineted and are able to stand rough
hendiing in the field. Subsamples are placed in the bowls, broken up, then
Dised using a4 large stainless steel scoop. The rounded bottom of the mixing
how! was designed to create a mixing action when the miterial in it is turned
witn the scoep.  Carveful observance of the scil will indicate the completeness
b the mixing.

The soil) is spread evenly in the battom of the bowl after the mixing 1S
complete,  The soil is quartered and a small sample taken from each quarter,
The subsamples are mixed together to become the sample sent to the laboratory.
The oxcess so1l is disposed of a4 waste,

An alternative method of compositing is to collect measured quantities of
cubsamples from individual core segments.  This elimioates the possibility of
dieproportionately sampling indivaidual cores, and gives each cora roughly
pquivalent weight in the composite  sample. A plastic or stainless steel
weasuring cup i recommended to collect equal volumes from each core.

G050 SAMPUING PROUEDURE

Ut i aooumnsd that the nuwber and Tocation of sampling locations within
the hackground ared and active portion of the land treatment unit have been
Lolacted an accordance with the vandom selection procedure described above.
vo wection aeseribes  the o foellowing  elements  ©f a sampling  procedure:
Poorelminary site prepavation, and (2 ol sample collection,
soh T Peelimivary Activaties

Tnoopreparation for osample collection, it is strongly suggested that a
Check et (See lable 3<% fov a typical checklict) be prepared itemizing all of
the equipment necescdary, both for campling and for maintaining quality assur-
anee . Thus all of the toor. needed for sampling should be itemized and located
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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 samples. Excess is for
breakage and contamination 105595.?
A large supply of heavy-duty plastic trash bags.
Sample tags.
Chain-of-custody forms,
Site description forms.
Logbaook.
Camera with black-and-white film.
tainless steel spatulas,
Stainless steel scoops.
Stainless steel tablespoons,
Caps for density sampling tubes,
Case of duct tape.
100-foot steel tape.
2 chain surveyor's tape,
Tape measure
Noncontaminating sealant for volatile sample tubes.
Supply of survey stakes.
Compass.
Maps.
Plot Plan.
Trowels.
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 distilled water,
Work gloves,

.
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in tha 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 time
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
necessary to ensure that the samples are representative of in-situ conditions.
Specifically, a severe problem with some of the sampling methods described
elsewhere in this chapter is that "contamination" of the sample may occur by
s0il falling in the cavity either from the land surface or from the walls of
the borehole. Thus to minimize contamination from surface soils, loose s0iis
and clods should be thoroughly scraped away from each site prior to sampling.
A shovel or rake will facilita'e this operation. Under some geologic circum-
Ltances with some hand-operated drilling methods, perfect site preparation will
not eliminate downward transport of contaminants.

1t is recommended that a soil profile description be taken with each soil
core sampling event. The profile description will provide information on the
wpatial variable properties important to both land treatment functioning and
will assist in the interpretation of monitoring results, For instance, it is
quite possible that sandy conduits (e.g., stumpholes or root channels) may
contain different levels of a hazardous constituent than surrounding soil.

3.5.7 Sample Collection with Multipurpose Drill Rigs

There are three principal ac¢ .ntages in using multipurpose auger-core-
rotary drill rigs for unsaturated . e sampling: (1? the work can be performed
rapidly in the most adverse environments such as extremely hot or extremely
cold and wet weather, {2) borings can be readily made in the densest or hardest
5011 conditions, and (3) there is the greater capability of preventing downward
movement of contaminants during drilling and sampling. 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 Drilling Federation (NDF) be read and studied in depth by all drilling
and sampling personnel before using auger-core-rotary drills,

3.5.2.1 Hollow-Stem Auger Drilling and Sampling--

The general process of using hollow-stem augers to simultaneously advance
and case a borehole was previously presented (Refer to Figures 3-1 and 3-2),
The following is a detailed yet generaiized procedure:

(1) The ocuter and inner hollow-auger components (Figure 3-2A) are
assemhled and connected by the shank on top of the drive cap
to the rotary drive of the drill rig.

(2) This assembly i¢$ advanced to the desired sampliing depth using
the rotary action and ram forces of the drill rig. The auger
head cuts into the soil at the bottom of the hole and directs
the cuttings to the spiral flights which convey the cuttings
to the surface (Fiqure 3-2A).
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(3) The drive cap is disconnected from the auger column assembly.
The pilot assembly with the center rod column is then removed,
usually with a hoist tine (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 on 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 the sampler and remain
in the bottom of the borehole. Back-driving should not be
used when a hoist or the hydraulic feed f the drill can be
used to retract the sampler.

(6) The pilut 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) 1f sampling is required at depths greater than about 4.5 ft
plus the length of the sampler below the auger head, addition-
al 5 ft hollow auger sections and center rod sections are
added. The flights are timed and mated at the coupling 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 surface.

For some types of samplers, it is difficult to retain the sample in the
sampler because of the "vacuum” within (or apparent tensile strength of) the
s0il 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 Continugus Flight Auger Drilling and Sampling--

Continuous flight augers have hexagonal shank and socket connections which
prevert sampling through the usually small diameter axial tubing; consequently,

the complete auger column must be retracted and reinserted for each sampling
increment.

(1) The continuous flight auger assembly, i.e, auger head and 5 ft
flight auger section is connected 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 depth
using the rotary action and ram forces of the drill rig
(Figure 3-3A).

(3) After rotation is stopped and the rotary power train of the
drill is placed in neutral, all cuttings are carefully remeved
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 imme-
diately removed from the area of drilling to prevent cuttings
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.

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

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

(7) 1f additional samples are required, the auger column assembly
is reinserted and the drilling and sampling sequence is
continued (Figure 3-3D).

(8) If sampling is required at 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 sample should be "discarded" to assure
that cuttings that fall into the borehole do not provide false
data or contaminate the remainder of the sample.

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

3.6.2.3 Samplers--

Various types of samplers and complete sampling systems are available for
use with hollow auger, continuous flight auger and other appropriate drilling
metrods. The sampler used will depend upon economic availability, the type of
drill rig being used, the general nature of the project and specific sampling
requirements. The following are some of the common samplers and related
procedures commonly used in North America.
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3.5.2.3.1 Thin-walled volumetric tube samplers--Thin-walled volumetric tube
samplers are commonly called Shelby tubes (from the original manufacturer's
nomenclature). Shelby tube samplers are described in 3.2.2.5.1. Shelby tube
camplers can be used in most soft to stiff fine grained soils and in some
granular soils. The Shelby tube is a rather ideal sampler in that the soil can
remain in the sample tube for transportation to a testing facility. Also,
Shelby tubes can be predrilled with smaller circular "sampling ports" that are
"taped over" during sampling and transportation to a test facility. At the
testing facility the sealing tape can be removed as required to obtain a small
cylindrical “plug sample® from the side of the larger sample. The procedure
for general use of Shelby tubes follows:

(1) The borehole is advanced to the sampling depth by the selected
method. When hollow-stem augers are used, the auger [.D.
chould be at least 0,20 in. greater than the Shelby tube 0.D.
When an open hole drilling wethod is used, the diameter of the
drilled hole should be at least 1.00 in. greater than the
Shelby tube 0.0D.

(?) The Shelby tube sampler is attached to the sampler head which
in turn is connected to a sampling rod column.

(3) The Shelby tube sampler assembly is lowered within the hollow
auger axis or open borehole to rest on the bottom.

(4) The sampling rod column is extended upward to contact the
retracted base of the drill rig rotary box.

{(5) The sampler is then pushed into the soil at the bottom of the
borehole by using the hydraulic feed 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. A1l members of the drilling and sampling
crew should stand away from the sampling rod as the sampler is
being pushed.

(6) The sampler should be allowed to "rest" within the soil for at
least one minute to allow the soil to expand laterally against
the inside of the Shelby tube. This surface contact will
improve sample recovery.

(7) The sampler is then pulled upward with a hoist line and
hoisting swivel or by connecting to and using the hydraulic
feed system of the driil rig. In some cases sample recovery
may be improved by votating the sampler after it has been
pushed and allowed to expand against the inside of the Shelby
tube.

(8) The Shelby tube with sample enclosed is detached from the
sampler head.

(9) Any lonse material on the "top" of the sample should be
remaved with a large spoon, a putty knife or a similar 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. Sealing
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 (Figure 3-18) 1is used.
Following extrusions, the samples are then placed in large,
wide-mouthed jars or other sealable containers.

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

3.5.2.3.2 Piston samplers--Piston samplers usually consist of a Shelby tube
sampler with a sampling head that contains a piston follower. The piston
follower rests on the soil surface within the Shelby tube prior to and during
pushing of the tube into the soil. The piston is then "Jocked" in position to
provide a vacuum on top of the sample to react against the vacuum at the bottom
of the sample which develops as the tube and soil sample is pulled out of the
soil. Sampling procedures for piston samplers are jdentical 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
heads according to the piston locking mechanism. Generally, it is only advan-
tageous to use a piston sampler over a common Shelby tube sampler in soft, wet
s0ils. Piston samplers will often provide optimum sample recovery in soft, wet
organic soils.

3.5.2.3.3 Split barrel drive samplers--The split barrel drive sampler assembly
consists of a drive shoe, two split barrel halves and a sampler head as des-
cribed in 3.2.2.5.2. Split barrel samplers are 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. 0.D. Sampler s typically driven with 140 1b drive
weight. Larger samplers are often driven with 300 1b, 340 1b or 350 1b drive
weights. Granular samples are often retained with the aid of various spring
and flap-valve retainers (Figure 3-19).

3.5.2.3.4 Continuous sample tube systems--The “continuous sample tube system"
is a patented sampling system which consists of a 5 ft long sample barrel as
described in 3.1.1.5.3 (Figure 3-7). The continuous sample tube system works
best in fine grained soils but has been used in granular soils with success.
The sample barrel is used in conjunctien with hollow-stem augers as follows:

(1) The sample barrel assembly is inserted within the first hollow
auger to be advanced and connected to a hexagonal extension
that passes through the drill spindle with bearing assembly to
a stabilizer plate above the rotary box.

(2) The hollow aucer is coupled to a flightless auger section that
ic connected to the drill spindle. The cutting shoe of the
auger barrel will extend a short distance in front of the
auger head when the assembly is compicted,
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Figure 3-19. Soil core retainers for sampling in very wet soiis
and cohensionless soiis. (a) One-way solid flap
valve, (b) Spring-type, segmented basket retainer
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(3) The cutting shoe advances into the s50il as the augers are
rotated and advanced into the soil,

f4Y  The hollow augers and csampler assembly is usually advanced
until the drill spindle "bottoms out."

(5) The auger is then disconnected at the top from the flightless
auger section,

(6) The sample barrel is then hoisted upward, leaving the hollow
auger in place.

(7) The sample is then removed from the sample barrel. Treatment
of the sample will be generally like the treatment of Shelby
tube samples but will depend specifically on whether or not a
"split" or "solid" outer barrel is used or whether or not
Tiners are used. Typically clear "plastic" liners are used
withir a2 split outer barrel for efficient processing of
samples. These liners with soil can be processed for transporta-
tion using the same procedures that are used for Shelby tube
samples.

{8) When greater sampling depths are required additional 5 ft
auger sections and hexagonal drill stem extensions are used.
Obtaining optimum recovery with the continuous sample tube
system requires some trial-and-error adjustments by the
driller.  Generally, recovery approaching 100 percent is
readily obtainable in fine grained soils. In some angular
granular soils it is advisable to only advance the system in
2.5 ft increments to obtain optimum recovery.

(9) Fill in the cavity with soil, tamping to increase the bulk
density of the added snil, i1l the hole to ground surface.

3.5.2.3.5 Peat sampler--The peat sampler is seldom used. However, under some
circumstances 1t may provide the optimam sampling method.

(1} Place the sampler tip on the <oil surface at the exact samp-
Ting Tocatian,

(2) With the tube in an exactly vertical position, force the
sampler into the «<oil ta the desired depth of sampling.
(Note: during this <tep, the internal plunger is held in
place within the <ampling cylinder hy a piston attached to the
end of the push rods).

(3V Jerk up on the actuating vod to allow the plunger to move
upward in the cylinder.  (The wnap catch will pravent the

plunger from moving bhack dowpword in cylinder).

(4)  Push the ascembly downward to force the cylinder into undig-
turbed soil,

{67 Fxtrude the sample into o o lean somple contairer.  label the
cantainer,

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

3.5.3 Sample Collection with Hand-Operated Equipment

In the following section, step-by-step sample collection procedures are
described for each of the major soil-sampling devires.

3.5.3.1 Screw-Type Augevs--

(1) Locate tip of auger on the soil surface at exact sampling
location.

(2) With the auger and drill stem in an exactly vertical position,
turn and pull down on the handle.

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

(4) Gently tap the end of the auger on the ground or on a wooden
board to remove 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
nrganic contaminants.

(5) Clean loose soil away from the auger flights and soil opening.

{6) 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 inserting a steel tape in the hole.

(7) wWhen the auger has reached a depth just above the sampling
depth, run the :uger in and out of the hole several times to
remove loose material from the sides and bottom of the hole.

(8) Advance the auger into the soil depth to be sampled.

(9) Remove the auger from the cavity and gently place the head on
a ¢lean board or other support. Remove soil from the upper
tlight (to minimize contamination). Using a clean spatuia or
other tool, scrape off soil from the other flights into the
sample container. Label the sample container pursuant to
information presented in Appendix B.

(10) Pour soil back into the cavity. Periodically use a rod to
tamp the soil to increase the bulk density. Fill the hole to
Tand surface,
3.5.3.72 Barrel Augers--
The sampling proceduves tor each of the barrel augers are basically the

came with minor variations. Only the procedure tor the post-hole auger is
presented in detail.
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(10)

Locate auger bit on soil surface at exact sampling location.

With the auger and extension rod in an exactly vertical
position, turn and pull down or the handle (see Figure 3-20).

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

Gently tap the auger head on the ground or on a wooden board
to remove the soil from the auger. For very wet and sticky
soils, it may be necessary to remove the soil using a spatula
or rod or by hand. In the latter instance, the operator is
advised to wear disposable rubber gloves for protection from
organic contaminants.

Remove all loose soil trom the interior of the auger and from
the soil opening.

Insert the auger back into the cavity and repeat steps (i1)

through (v). Keep track of the sampling depth using the marks
on the extension rod or by extending a steel tape in the hole.

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.

Advance the auger into the soil depth to be sampled.

Careful  remove the auger from the cavity and gently place
the barrel head on a clean board or other support. Using a
clean spatula or other tool, scrape the sgil from the control
part of the head into the sample container, Discard remaining
coil. Label the sample container pursuant to the information
presented in the section entitled "Sampling Protocol".

Pour soil back into the cavity. Periodically use a rod to
tamp the soil to increase the bulk density. Fill hole to land
surface.

3.5.3.3 Tube~Type Samplers: Soil Probe--

The general procedure for sail sampling u

together with the modified approach when a "backsaver” attachment is used.
basic technique is described first.

(1)

(2)

Place the sampler tip on the <oil surface at the exact samp-
1ing location.

With the sampling point and extension rod in an exactly
vertical position, push or puil down on the handle to force
the samplev nto the soil.

When the auger has reached o depth equivalent to the length of
the sampling tube, twint the handle to shear off the soil.
Pull the tube out of the «oil.

i‘[

sing soil probes is presented,
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Figure 3-2(}. Barrvel auger sarpling method (Clements
Asvor fates, Inc., j9u3)



{4) Gently remove the soil from the tube using a spatula or rod or
by hand. 1f the tool is cleaned by hand, the operator should
wear rubber gloves for protection from vrganic contaminants.

{4%) Remove loose soil and soil stuck to the walle of the tool.
Similarly, gently remove loose soil around the soil opening,

(6} Insert the probe back into the cavity and repeal steps (1)
through (v). keep track ot the sampling deptn using the marks
o the rod or by extonding a steel tape in the hole. [f
NeCessary, Sorew onodan sdditional extension rod.

(7Y When the auger b crached a depth just above the sampling
depth, run the probe onoand oul of the hole several times Lo
remove Yoose meter ol orrom the cavity walls,

Advance the auaer inte the ol depth to be sampled.

(4} Caretully rvemove the anyt tfyom the hole and gently place the
tube ot a4 L lean board, Scrape the soil out of the tube or
torce the sample out of the tube by pushing down on the top of
the sample.  Auare, rubber qgloves should be used. Using &
Clean spatula, gently place soil samples into sample contain-
B Label  the sample  container pursuant  to infermation
presented in the section entitled “Sampling Protocol”.

J0Y Pour o soi! back  anto the  cavi
intrease  the bulbh  denuity, f
wurtace.

pericdically tamping to

ty,
311 the hole beck to land

fowoditied version of the bawic sampling procedure for  tube samplers
Courded with g so-called fback saver™ handle o described in Figure 3-21.

Chia Tube dype Samplerss Veihmeyer Tubes--

VY Place the sampler tipoon the qail o surviace at the exact samp-
Ting locetion,  Posvtioen the tube dnoan exactly vertical
noatt e,

i tapered  endoor the drive hammer into the tube.
T ot hand areund the tube and the other around the hand
Gripocr o the dvave taemer o Wl e steadying the tube with one
Hard . e e and fower the haser with the other, fventually a

B s e b where baoth bands can beoused to control

'f, [EETEE N T

Gropyee the o arpler to The beved depth of penetrat 1o, for
ComeoadeL i tubie omay beoestrese by ditficult o to remove
Prive e 0 b et ot parg v h o cane, the operator iay
Lttt i e tenthoot penebration during advance of
The Bl
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(4)

(5)

(10)

(11)

Since the augers, probes and tubes must pass through contaminated surface
c0ils before reaching the sampling depth (1.5 m (5 ft)) cross contamination 1is
Soil is compacted into the threads of the auger ana must
Probes and tubes are difficult to

a real possibility.
be extracted with a <tainless steel spatula.

Remove the drive hammer from the tool and place the opening in
the hammer above the tube head. Rotate the hammer as required
to allow the slots in the opening to pass through the ears on
the head. Drop the hammer past the ears and rotate the hammer
<0 that the unslotted opening rests against the ears. Pull
the hammer upward to force the tube out of the ground. (In
some cases it may be necessary to jar the hammer head against
the ears, or have another person pull up on the hammer ) .

Gently place the wide of the tube against a hard surface to
remove scil from the tube. 1f this procedure does not work,
it may be necessary to insert a long rod inside the tube to
force out the soil,

Scrape off the .ide of the tube to remove loose soil.  Simi-
larly, remove loose wuil from the soil cavity.

Insert the tube back into the soil cavity and repeat stops (1)
through (6). Keep track of the sampling depth by the marks on
the tube or by extending a steel tape in the hole.

When the tip has reached « depth just above the sampling
depth, gently run the tube in and out of the hole several
times to remove loose matevial from the cavity walls,

Drive the tube ton the depth required for sampling.

Carefully remove the unit from the hole and gently place the
tip on a clean board. Force the sampie out of the tube using
a clean reod or extraction tool. sing a clean spatula, spoon
the soil sample into a sample container. As a matter of
precaution, the uppermost one or two inches of soil should be
discarded on the chance that this segment has been contamina-
ted by soil originating from above the sampling depth, Label
the sample container pursuant to information presented in
Appendix B.

Pore soil back into the cavity, periodically vamping to
increase the bulk density. t111 the hore back to ground
surface.

decontaminate withoul long bore trushes and some kind of washing facility.

poscible way to minmize the c(ross contamination is to use the auger, probe, or
tube to open up a bore hole to the decired depth, clean the bore hele out by
repeatedly inserting the auyer, probe or tube and finully using a sepavate,
decontaminaled auger, probe or tube to take o woil sample through the existing

open bhore hole.



3.5.4 Miscellaneous Tools

Hand tools such as shovels, trowels, spatulas, scoops and pry bars are
helpful for handling a number of the sampling situations. Many of these can be
obtained in stainless steel for use in sampling hazardous contaminants. A set
of tools should be available for each sampling site where cross contamination
i+ a potential problem. These tool sets can be decontaminated on some type of

schedule in order to aveid having to purchase an excessive number of these
1Lems,

A hammer, screwdriver and wire brushes are helpful when working with the
Lpiit wpoon samplers.  The threads on the ronnectors often get jammed because
ot soil in them. This soil can be removed with the wire brush. Pipe wrenches
are also a necessity as is a pipe vise or a plumbers vise.

3.0 DECONTAMINATION

bne of the major ditf.culties with su1l sampling arises in the area of
cross  contamination of samples. the most reliable methods are those that
completely isolate one <sample trom the next. Freshly cleaned or disposabie
sampling tools, mixing bowls, <ample containers, etc. are the only way to
Imsure the integrity of the data.

field decontamination is quite difficult to carry out, but it can be done.
Hazardous chemical sampling adds another layer of aggravation to the decontam-
ination procedures. With the exception of highly volatile solvents, washing
solutions can be safely disposed at the land treatment facility being sampled.

J.u.1 Laboratory Cleanup of Sample Containers

Une of the best containers for soil is the glass canning jar fitted with
fetton or aluminum foil liners placed between the lid and the top of the jar.
'hece items are cleaned in the labordatory prior to taking them into the field.
ATV containers, liners and small tools should be washed with an appropriate
laboratory detergent, rinsed in tap water, rinsed in distilled water and dried
inoan oven.  They dare then rinsed in spectrographic grade solvents if the
containers are to be used for organic chemical analysis. Those containers used
for volatile organics analysis must be baked in a convection oven at 105°C irn
order to drive off the rinse solvents,

The Teflon or aluminum foil used for the 1id liners is treated in the same
fashion as the jars. These liners must net be backed with paper or adhesive.
3.6.7 Field

Lecontamonation

sample collection tosls are (leaned according to the foilowing procedure
(Mason, 1982},

® Washed and scrubbed with tap witer using 4 pressure hose or
prescuvized stainless steel, fruit tree sprayer,

€ Cheok for adhered organics with a ¢ lean laboratory tissue.



® 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,

2 Double rinse with deionized, distilled water.

® Where organic pollutants are of concern, rinse with spectro-
graphic grade acetone saving 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.

0 Air dry the equipment,
8 Package in plastic bags and/or pre-cleaned aluminum foil.

The distilled water and solvents are flowed over the surfaces of all the
tools, 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
large glass or stainless steel funnel as the collector below the tools during
flushing. The waste then flows into liter bottles for later disposal (use the
empty solvent bottles for this). A mixing bowl can be used as a collection
vessei. It is then the last item 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
organics stuck to the tools. The acetone is used as a drying agent prior to
use of the methylene chloride or hexane.

Steam cleaning might prove to be useful in some cases but extreme care
nust be taken to insure public and worker safety by collecting the wastes.
Steam alone will not provide assurance of decontamination. The solvents wil)
still have to be used.

3.7 SAFETY PRECAUTIONS

safety problems may arise when operating power equipment and when obtain-
ing soil cores at sites used to dispose of particularly toxic or combustible
wastes,

The problem of operator contact with hazardous wastes and the possibility
of fires and explosions are not factors of concern when soil-sampling at
background sites. However, these items may be of very real concern when
sampling active areas. LPA (1983a) review elements of personnel health safety
at tand treatment areas from the viewpoint ot the disposal operators. However,
many of these concerns also apply to workers obtaining soil-core samples during
a monitoring program. for examg]e§ many wastes emit toxic vapors even follow-
ing land disposal {(FPA, 1983aj. Such vapors may cause short or prolonged
tilness in unprotected workers, tong-term direct contact with wastes (e.g.,
during handling of soil samples) may be considered to be a carcinogenic risk,
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Explosive gases may be given off from land treatment areas used to dispose
of combustible wastes (EPA, 1983a). For such wastes, extreme caution must be
taken when sampling to avoid creating sparks or the presence of open flames.
Sparks will be of particular concern when sampling with power-driven equipment,
Workers sheuld not be permitted to smoke.

Protective clothing that should be worn during sample collection must be
decided on a case-by-case basis. As a guide, the alternative levels of protec-
tive equipment recommended by Zirshky and Harris (1982) for use during remedial
actions at hazardous waste sites couid be employed at land treatment sites used
to dispose of highly toxic wastes. Specific items for each level are itemized
in Table 3-4. Level 1 equipment is recommended for workers coming into contact
with extremely toxic wastes. Such equipment items offer the maximum in protec-
tion. Level 2 equipment can be used by supervising personnel who do not
directly contact the waste., Level 3 equipment applies nrimarily to sampling on
background areas or on treatment sites used to dispose of fairly innocuous

wastes. Level 4 equipment could be used during an emergency situation such as
a fire.

0SHA is the principal Federal agency responsible for worker safety. This
agency should be contacted for information on safety training procedures and
cperational safety standards (EPA, 1983a).

3.4 DATA ANALYSIS AND EVALUATION

A critical step in any monitoring program is the proper analysis and
evaluation of the data collected. Input from the field scientist is important
in this data interpretation. The field scientist should have made observations
of field conditions (e.g., weather, unusual waste distribution patterns, soil
conditiens, etc.) when the samples were taken and noted these in the field log
hook (see Appendix B). This information will assist in explaining the sampling
data and grovide 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
statistical analysis results from unsaturated zone monitoring. Summary sheets,
such as these, and the chain of custody documentation described in Appendix B,
chould be included in che operating record of the facility.

The land treatment regulations (see 40 CFR Part 264) require that the
owner or operator determine if hazardous constituents have migrated below the
treatment zone at levels that are statistically increased over background
levels. The following analysis can be used to make this determination. This
analysis can be done on a calculator.

The mean (Eq. 3-1), variance (fq. 3-2), and a two-sided (100(1-a)%) confi-
dence interval (Eq. 3-3) are first calculated by the following equations:

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

Equipment

3-M White Cap with air-Tine respiration

PVC chemical suit

Chemical gloves taped to suit, leather gloves as needed
Work boots with neoprene overshoes taped to chemical suit
Cotten coverails, underclothing/socks (washed daily)
Cotton glove liners

Walkie-talkies for communications

Safety glasses or face shield

Hard hat

Air purifying respirator with chemical cartridges

PVC chemical suit and 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 overalils and boot covers

Lightweight gloves

Safety shoes

Cotton coverails/underclothing/socks (washed daily)
Safety glasses 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 communications

Safety glasses or face shield
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where yq = ith sample
n = number of samples
y = sample mean

s¢ o gstimated variance of the mean

L=ytige - (3-9)

where L= 100 (1 - a) X confidence Jevel
tc/Z = the a/2 parcentage value from a one-sided t-distribution
with (n - 1) degrees of freedom
s = gtandard deviation

The data for each hazardous constituent or "principal hazardous
canstituent” (if identified ‘n permit) from the background &res can be
statistically compared to the data from the appropriate uniform area in the
active portion using.the Student's t-test. The t-test given in equation 3-4
below (L1, 1959) 18 used to determine 1f the mean of the hazardous -
constituents 4n the uniform area is greater than that in tha appropriate
background area. This equation assumes homogeneity Of variances wnici is
most often the case in soils work.

For testing 1f the uniform arer (active portion) mean ts greater than the
background mean (1.e.,, one-talled test), rompare the caleylated ta.value (t¢)
with the critical valye t,, where t, 1s the upper tail velue from the
t-distribution with n) + ny - 2 degrees of freedom at the a significance
Vevel. §fte > ta. theve {s & statistically significant incresse in tha
uniform area {active portion) mean over the background arca mean,

;c:z(yl..yz)/\/ aZ('Uu1 +’i/n2) 3-4)
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SECTION 4
SOIL PORE-LIQUID MONITORING

The sampling of soil pore-liquid was reported in the literature in the
early 1900's when Briggs and McCall (1904) described 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 increased. As shown in Figure 4-1, different soils are
capable of yielding different levels of water. The unsaturated zone, as
described in Section 2, is the layer of soil between the land surface and the
groundwater 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
water retained in previously saturated soils of varying texture after gravity
drainage has occurred. Suction-cup lysimeters are used to sample pore-liquids
in unsaturated media because pore-liquid will not readily enter an open cavity
at pressuies 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 the existing soil-water pressure. By applying a vacuum to the
interior of the cup such that the pressure is slightly less inside the cup than
in the soil solution, flow occurs into the cup. The sample is pumped to the
surface, permitting laboratory determiration of the quality of the soil
pore-liquids. '

Although a number of techniques are available for indirectly monitoring
the movement of pollutants beneath waste disposal facilities, spil core samp-
ling and suction-cup lysimeters, remain the principal methods for directly
sampling pore-ligquids in unsaturated media. The main disadvantages of soil
core sampling are that it is a destructive technique (i.e.., the same sample
location cannot be 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 (Biggar and Nielsen, 1976). Similar-
ly, they have been used to detect the deep movement of pollutants beneath land
treatment units (Parizek and Lane, 1970). [Inasmuch as lysimeters are the
primary tools for soil pore-liguid monitoring at land treatment units, under-
standing the basic principles of lysimeter operation and their limitations is
important to owners and operators of such units, as well as those charged with
permitting land treatment units. This section will discuss soil moisture/
tension relationships, soil pore-liquid sampling equipment, site selection,
sampling frequency and depths, installation and operation of the available
devices, and sample collection, preservation, storage, and shipping.
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It should be recognized, however, that situations may occur where the flow
velocities in the unsaturated zone are higher than empirically demonstrated by
Darcy's Law., As a result, the wetting front will not be uniform and most of
the flow will occur through macropores. This type of gravity flow in highly
ctructured soils will not be sampled effectively by suction lysimeters. The
most promising technique for sampling soil pore-liguid in highly structured
woils is pan lysimeters (e.g., free drainage glass block samplers). This kind
ot sampling probably will have its most utility in the treatment demonstration
phase of a permit application because ctructured soils that permit gravity flow
may not have sufficient treatment capabilities to satisfy the treatment demon-
Stration. If the treatment demonstration is successfully completed, pan
lysimeters may be an important element in the soil pore-liguid monitoring
program for the full-scale facitity.

4.1 SOIL MOISTURE/TENSION RELATIONSHIPS

Unlike water in a bucket, free, unlimited access to water does not exist
in the soil. Soil water or, as it is frequently called, "soil moisture", is
stored in the small "capillary" spaces between the s0i1 particles and on the
curfaces of the soil particles. The water is attracted to the soil particles,
and tends to adhere to the soil. The smaller the capillary spaces between the
particies, the greater the sticking force. For this reason, it is harder to
get moisture out of fine clay soile than it is from the larger pores in sandy
corls, even if the percent of moisture in the soil, by weight, is the same.

Figure 4-2 shows the results of careful research work done with special
extractors. As described by the Soilmoisture Equipment Corporation (1983?, the
graph shows the relationship of the percent of moisture in a soil to the
pressure required to remove the moisture from the soil. These are called
Moisture Retention Curves. The pressure ic measured in bars* which is a unit
of pressure in the metric system. Figure 4-7 clearly points out that two
factors are involved in determining ease of water sampling: 1) moisture
content, and 2) soil type.

Moisture in unsaturated soil is always held at suctions or pressures below
atmospheric pressure. To remove the moisture, one must be able to develop a
negative pressure or o vacuum to pull the moisture away from around the soil
particles. For this rearon we speak of "Soil Suction”. In wet soils the soil
cuction is low, and the soil moisture can be removed rather easily. In dry
coils the Soil Suction is high, and it is difficult to remove the s0i)
moisture,

Given two soils {one clay and one sand) with identical moisture contents,
1t will be more difficult to extract waler from the finer soil (clay) because
water is held more strongly in very small capillary spaces in clays.

' 0
*By definition a4 bar Js o unit of pressure equal to 10 dyne/cm’. It s
equivalent to 100 +Pa (hilopascale), or 14,5 psi, or approximately 1 atmos-
phere, or 750 mm of mercury, ov 29,6 inches of mercury, or 1,020 cm of water,
or 33.5 feet of waler,



-
X
v
]
=
»
x
8
lad
x
o
-
2
0
2
&

50

40

30

20

CHIiNO SILTY CLLAY

é

PACHAPPA FINE SANDY LOAM

HANFORD SAND

T

N i

Figure 4-2.

foy 3
-

-
[+ ]

0.8 1 2

SOIL SUCTION, BARS

Moisture retention curves - three soil types
(Soilmoisture Equipment Corp., 1983)




Another fact, brought out by the graphs on Figure 4-2, is that silty clay
soil with 30 percent moisture, if placed in contact with a sandy soil with only
10 percent moisture will actually suck moisture out of the sandy soil until the
moisture content in the sandy soi' is only 5 percent. This is due to the
greater soil tension in the fine clay texture.

4.2 PORE-LIQUID SAMPLING EQUIPMENT

Well and open cavities tannot be used to collect solution flowing in the
unsaturated zone under suction (negative pressures). The sampling devices for
such unsaturated media are thus called suction samplers or lysimeters. Everett
et al. (1983) provides an in depth evaluation of the majority of unsaturated
zone monitoring equipment. Llaw Engineering and Testing Company (1982) provides
¢ description of some of the available suction lysimeters (Appendix D). Three
types of suction Tysimeters are (1) ceramic-type samplers, (2) hollow fiber
samplers, and {3) membrane tilter samplers.

Because of the potential for macropore flow, pan lysimetry should be
employed for soil-pore liquid monitoring in addition to suction lysimetry
during the treatment demonstration. While pan lysimeters (e.g., glass block
samplers) are not at present commercially available, they are relatively easy
to construct and instrument (R.R. Parizek, personal communication, 1984).
However, installation will require more skill and effort than suction lysi-
meters (K. Shaffer, personal communication, 1984).

4.0.1 Ceramic-Type Samplers

Two types of samplers are constructed from ceramic material: the suction
cup and the filter candle. Both operate in the same manner. Basically,
ceramic-type samplers comprise the same type of ceramic cups used in tensic-
meters, When placed in the soil, the pores in these cups become an extension
of the pore space of the soil, Although cups have limitations, at the present
time they appear to be the best tool avaeilable for sampling unsaturated media,
particularly in the field. The use of teflon for the body tube parts and the
porous segment {(instead of a porous ceramic) may reduce the chemical inter-
action between the sampler and the hazardous waste.

Suction cups may be subdivided into three categories: (1) vacuum operated
sail-water samplers, (?) vacuum-pressure samplers, and (3} vacuum-pressure
samplers with check valves. Sorl-water samplers generally consist of a ceramic
cup mounted on the end ot a small-diameter PVL tube, similar to a tensiometer
(see tigure 4-3). The upper end of the PVC tubing projects above the soil
surface. A rubber stopper and outlet tubing are inserted into the upper end.
Vacuum is applied to the system and soil water moves into the cup. To extract
4 sample, a small-diameter tube is inserted within the outlet tubing and
oxtended to the hase of the cup. The small-diameter tubing is connected to a
sample-collection tlask. A vacuum is applied via ¢ hand vacuum-pressure pump
and the sample is sucked into the collection flask. These units are generally
used to sample to depths up to o feet from the land surface, Consequently,
they are used primarily to monitor the near-surtace movement of pollutants from
land disposal facitities or from irrigation return flow.
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To extract samples from depths greater than the suction 1ift of water
{about 25 feet), a second type of unit is available, the so-called vacuum-
pressure lysimeter. These units were developed by Parizek and Lane (1970) for
sampling the deep movement of pollutants from a land disposal project in
Peansylvania, The design of the Parizek and Lane sampler is shown in Figure
4-4, The body tube of the unit is about 2 feet long, holding about 1 liter of
sample. Two copper lines ave forced through a two-hole rubber stopper sealed
inte a body tube.  One copper line extends to the base of the ceramic cup as
shown and the other terminates a short distance below the rubber stopper. The
longer Yine connects to a sample bottle and the shorter line connects %o a
vacuum-pressure pump. A1l lines and conngctions are sgaled. At land treatment
units, however, polyethylene or teflon tubiﬂg is recommended,

In operation, a vacuum is applied to the system {the longer tube to the
sample bottle is clamped shut at this time). When sufficient time has been
allowed for the unit to fill with solution, the vacuum is relessed and the
clamp on the outlet line s cpened. Air pressure s then applied to the
system, forcing the sample into the collection flask, A basic problem with
this unit it that when air precsure is applied, some of the solution in theé cup
mey bhe forced back through the cup inte the surrounding pore-water system.
ConS?QuPntly, this type of pressure-vactum system. js& recomvendéd for depths
only up to about 50 feet below land surface. In addition to the monitorin
etfort of Parizek and Lane, these units were used by Apgar and Langmuir (1971?
to sample leachate movement in the vadeqe zone und@r\v}nq a sanitavy landfill,

Morrison.and Tsai (1981) proposed a‘umdafied 1y53meter design with the
poraus material located midway up the sampling chamber instead of at the bottom
see Figure 4+5, Movrrison and Tsai, 1981), This mitigdted the basic problem of
5amu¥ﬂ solution be1ng forced back through the cup when afr pressure is applied.
The dead space below the pnrau* section, however, will result in potential
. Lrass Lantam1nat%0n ' '

Wood (1973} reported on a modified version of the design of Parizek and
Lane. Wood's design is the third suction sampler discussed in this subsection.
Wood's design overcomes the main problem of the vimple pressure-vacuum system;
namely, that solution is forced out of the cup during application of pressure,
A sketch of the sampler is shown in Figure 4-6. The cup ensemble is divided
into lower and upper chawbers. The two chambers are. isolated except for a
connecting tlube with a check vaive. A sample delivery tube extends from the
base of the upper chamber to the surface. his tube also contains a check
valve. A second shorter tube terminating at the top of the samplizr is used Lo
deliver vacuun. or pressure.  In operation, whep o vacuum is applied to the
system, it extends to the cup through the open one-way check valve, The second
check valve in the delivery wtube is ,hu . The ‘amﬂlp is deliverad into the
upper chamber, -which Ts about 1 Titer (0,26 gallon) in capecity. To deliver
fhe cample to the surface, the vacuum is relessed dnd pressure {(generally of
ritrogen ges) 1o applied to the shorter tube.  The onec-way valve to the cup is
shut and the one-way vulve in the delivery tube is opened. Sample is then
forced to the surface. High prossures can be applied with this unit without
danger of damaging the cup.  Corsequently, this wampler can be used to depths
ot about 150 feer beilow fand rface {Moitmoisture Tquipment Corporation,
1978). Mood and Sigror (1975 weed thie chepler to evamine geochemical changes
inovieter ducieg flow dn too vodooo zone underlying rechiarge basinsg in Texas.
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A sampling unit employing a filter candie is described by Duke and Haise
(1973). The unit, described as a "vacuum extractor,” iy installed below plant
rocts.  Figure 4-7 shows an illustrative installation., The unit consists of a
gelvanized sheet metal trough open at the top. A porous ceramic candle {12
inches long and 1.27 inches in diameter) ic placed into the base of the trough.
A oplastic pipe sealed into one end of the candle {5 connected to a sample
bottle Tocated in a nearby manhole or trench, A small-diameter tube attached
to the other end of the candle to used to rewer the candle as necessary. The
teough is filled with soil and placed within a horizontal cavity of the same
diwensions as the trough. The trough and enclosed filter candle are pressed up
4qainst the soil via an air piliow ur mechanical jack., In operation, vacuum is
spplied to the system to induce woil-water flow intoe the trough and candie at
Lthe same rate as in the surrounding seil.,  The amount of vacuum is determined
from tensiometers. Hoffman et «l. (1978) used this type of sampler to collect
wamples of drrigation water leaching beneath the roots of orange trees during

s Y

return flow studies at Tacna, Arvizona.

G000 Cellulose-Acetate Hollow Fiber Samplers

Jackson, Brinkley, and Bondietty (1976) described a suction sampler
constructed of cellulose-acetate hollow fibers. These semipermeable fibers
feve been used for dialysis of aqueous solutions, functioning as molecular

.. Soil column studies using a bundle of fibers to extract soil solution
<hiowsd that the fibers were sufficiently permeable to permit rapid extraction
af saiution tor analysis. Seil solution was extracted at spil-water contents
venging tror 50 to 20 percent.

Clevey,

Levin and Jackson (1977) compare cervamic cup samplers and hollow fiber
samplers for collecting soil solution samples from intact soil cores. Their
conciusion is:  "... porous cup lysimeters and hollow fibers are viable extrac-
fron devices for obtaining soil solution samples for determining EC, Ca, Mg,
and PO,-P.  Their suitability for NO.,-N is questionable." They also conclude
that hollow fiber samplers are more s@iited to laboratory studies, where ceramic
samplers are more useful for Tield sampling. Because nf the high potential to
aiter sample quality, further resedarch is required on these types of sampiers
Betore they cen be recommended,

4.7.3 Membrane Filter Eanwiprg

Stevenson (1878) presents the decign of 4 suction sampler using a menbrane
filter and a glasy fiber pretilter wounted in o "Swinnex” type filter holder,
Figure 4-8 show. the construction ot the unit.  The membrane tilters are
composed of polycarbonate or cellulosr-acetate.  The "Swinnex" filter holders
are  manutactured by  the Millipore Corvporation  tor  tiltration of  fluids
delivered by ~yringe. A flexible tube o ttachied to the filter holder to
permit applying 4 vacuum to the —yoten and for detivering the sample to 4
bottle,

The compler oo placed o hete dug to o clected depth,  Sheets of giass

stlectors™ ave placed v the boctar of the hole,  Nest, two ar three
s Plev glacs tiber "wick™ diccs that f0U withar the tilter holder are placed
in o the hole.  Subcequently, the tailter holdee 1o placed n the hole with the
qlac taber pretilter in the bolder coiracting fhe “wick” disnen.  The hole 1o
then backfvlied,
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In operation, soil water is drawn into the collector system by capillar-
ity. Subsequently, water flows in the collector sheets toward the glass fiber
wicke as a result of the suction applied to the filter holder
assembly. The glass fiber prefilter minimizes clogging of the membrane filter
by fine material in the soil soiution.

During field tests with the sampler, it was observed that sampling rates
decreased with decreasing soil-water content. The "wick and collector” system
provided contact with a relatively large area of the soil and a favorable
sampling rate was maintained even when the “collector" became blocked with fine
Loil. The basic sampling unit can be used to depths of 4 meters.

4.7.4 Pan Lysimeters

The presence of macropore or fracture flow should be determined during the
treatment  demonstration phase tor land  treatment units located in highly
Ciructured soils. It is important to acknowledge the occurrence of macropore
itow under certain soil conditions and its significant potential to contaminate
grow dwater.  The pan dysimeter, whivh is a free drainage type lysimeter 1s
cuttea for sampling mecyopors oy fracture flow.

fhere are a number ot designs for pan-type lysimeters. Parizek and Lane
{la/u0) constructed a 12x16 inch pan lysimeter (Figure 4-9) from 16 gauge sheet
mietal.  Barbee (1983) employed a perviorated 12x12 inch glass brick, the kind
used in omasonry construction, as a pan lysimeter (Figure 4-10). Shaffer et al.
(1979) devised a 20 cm diameter pan lysimeter with a tension plete capable of
pulling 6 centibars of tension. A pan lysimeter can be constructed of any
non-porous material provided a ieachate-pan interaction will not jeopardize the
vilidity of the monitoring objectives. The pan itself may be thought of as a
challow draft funnel. Water draining freely through the macropores will
Collect in the soil just above the pan cavity. When the tension in the collec-
ting water reaches zero, dripping will initiate and the pan will funnel the
leachate into a sampling bottle. The use of a tension plate or a fine sand
packing reduces the extent of canillary perching at the cavity face and pro-
wotes free water flow into the pan.

4.3 CRITFRIA FOR SELECTING SOIL-PORE LIQUID SANMPLERS

'n selecting soil-pore liguid sampling equipment, the foliowing criteria
cnould be considered:  cost, comnercial availahility, installation require-
wents, hazardous waste interaction, vacuum requirements, soil moisture content,
cnil characteristics  ond moisture regimes, durability, sample volume, and
sampling depth.  fritted gias. sampleve, for example, are too fragile for field
application. Plavtic dysimetor” yequire o cantinuous  vacuum and high soil
woicture levels.  The vacuum - tractor 1o edpensive, requires intensive instal-
lation procedurcs and a continuaus vacuum.  The “Gwinnex" sampler has ditticult
inntalletion proceduves and praduces oo cmell o sample,  Sowe samplevs, such
«o the aluminum ofide porous cup sampler, ave not conmercially avaitable. All
teflon camplers are nmore cgpensove than Pyl body parte and coramic cups.  The
Bigh pressure=vacuum Sampiers are nol ragquived  for the shallow sampling depths
st land treataent unite T woamp e v udie Ty imeter cannot be psed in oty
v th che sampler totaliy covered b IR
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In most cases, the lysimeter of choice at land treatment units will be
pressure-vacuum ceramic lysimeters. Teflon models have certain limitations
which preclude their use at soil suction conditions recommended for land
treatment units (Everett et, al., 1986) Most pressure-vacuum lysimeters are
reasonably priced, commercially available, and easy to install. In addition, a
constant vacuum apparatus is not required. They can be used in situ at depths
well within the requirements of land treatment units and can produce 2 large
sample volume. Rody tubes of various lengths are avaitable to compliment the
volume and sample depth requirements.

Free drainsge lysimeters can only sample and thus monitor the movement of
gravitational water when precipitation is equal to or greater than field
capacity requirements or when there is a large water input into the soil
(Parizek and Lane, 1970; Tadros and McGarity, 1976; Fenn et al., 1977).
However, in the unsaturated zone of soils, most water movement 1s in the wet
moisture range {0 to -50 kPa soil moisture tensions, Reeve and Doering, 1965,
and in well structured soils through macropores (Shaffer et al., 1979), which
accounts for the vast maiority of the water and chemical constituents that can
be lost from the soil by leaching. Ffree drainage samplers have the following
characteristics:

1) It is a continuously sampling “collection" system without the
need for externally applied vacuum.

2) Recause vacuum is only used to pull the sample to the surface,
there is less potential for losing volatile compounds in the
sample obtained.

3) Its defined surface area may allow guantitative estimates of
leachate.

4) The method of installation allows monitorirg the natural
percolation of liquids through the unsaturated zone without
alteration of flow.

§)  If made of chemically inert materials (i.e., glass), it has
less potential for altering the chemical composition of a
sample obtained by it.

6) Since the inside of the glass block type is uneven, the
. - : . .y‘[' ’ -
potential exists for cross <contaminetion from residual
samples.

7) [f the glass blocks dare not inutalled perfectly level, a sump
or collection area can result in dead space where the sample
cannot be removed.

]) Pan lysimeters require trenching to be instelled. At Tand
treatment Sites where the treatment zore includes 1.5 m (5 ft)
plus seme build up of the Tand surface, the trenches may
require "oherang upl



4.3.1 Preparation of the Samplers

A decision must be made on the size of pressure-vacuum lysimeters to be
installed at the site, and the composition of the pressure-vacuum tubing.
According to data by Silkworth and Grigal (1981), the larger commercially
available units with a 4.8 cm diameter are more rveliable than the 2.7 o
diameter units, influence water quality less, and yield a larger volume of
sampie “or analysis. Although various materials have been used for conducting
tubing {e.g., polypropylene and copper tubing), it is advisable to select
teflon tubing to minimize contamination and interference with the sample.

tn order to avoid antecterences from chemical substances attached to
porous sampling points, it is rveconnended advisable to prepare cach unit using
the following procedure descoribed by Wood (1973), Clean the cups by letting
approsimately T Titer of 8N HCU woep through them, and rinse thoroughly by
«ttowing 15 to 20 liters ¢t it led water to seep through. This cleaning

process can be accelerated by plaorng the distilled water inside the lysimeter
and deyaloping 70-30 psi of pree e to drive the weter through the porous
materyal.  The cups are adequately v raed when there is less thon a 7 percent

ditference between the specitic copductance of the distilled water input and
the output from the cup.,

Prior to takina the suction lysimeters in the field, each lysimeter should
be checked for its bubbling pressure and tor Teaks. Cemplete procedures for
tes D o tor feaks and air entry values are given in Fverett et. al {1986).

S0 PANDOM PORE-LIGUID MONTTORING S1TE SELECTION

ine RCRA Guidarce Document: Land Treatment Units (EPA, 1983b) includes
recommendations on the numbers and Gocations of pore-Tiquid samplers for both
Facrground and active porticns, as well as the <pecifications for sampling

frequency.  These specifications are summarized on Table 4-1,

The RCRA guidance document sunge-ts that the pere-ligquid monitoring sites
be randomly selected. In practice, each «ite is selected separately, randomly,
and independently of any sites previously drawn.  For pore-liquid monitoring,
cach sate to be dincluded in the “sample” v a4 volume of Tiquid {soil-pore
Tiauid).

The field location for sorvi-pore liguid devices 1s obtained bv selecting
random distances on g ceordinete syvster ard asing the Intersection of the two
random distances on a coordinate system as the location at which a soil-pore
Mauid monitoring device should be inctalled,

The location, within o given unitorm area of o lend treatment unit {(1.e.,
active portion woritoringd, ot which g soil-pore ligquid monitoring device
should be dnstalled 1o determined using the rollawing procedure (FPA, 1982b):

Y Duide the land trewteent unit ointo uniform areas (see Figure
32160, A qualitaied sorl cotentint should be consulted in
completing thic Stegn,
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(2) Map each uniform area 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,

(3) 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 un1rorm area. Both base Jines must have
the same scale,

(4) Draw two random numbers from a random numbers table (usually
available in any basic statistics book, see Appendix A). Use
thése numbers to locate one point along each of the base
lines,

(5) Locate the intersection of two lines drawn perpendicular te
these "two base .line points. This intersection represents one
rardomly selected locdtinn for installation of one soil- -pore
liquid device. If this Mocation at -“the intersection is
outside the uniform area or is within 10 m of another loca-
tion, disregard and repeat the abuve procedure,

{(6) For soil-pore Tiquid monitoring, repéat the above procedure as

‘ many times as necessary to obtain six locations for installa-
tion of a soil-pore liquid monitoring device -(location) per’
uniform area, but no less than .two devices per 1.5 ‘hectarss
(4 acres). Munitoring at these same randomly selected loca-
tions will contirue throughout the land treatment. unit life
(i.e. ) devices do not have te be relocated at every sampling
event 2 ‘ : -

(7) If the device must be replaced for some reason, \go thrﬁugh the
pracedure agawn to get'a new location. '

One p01nt should be made regarding randomly locating- 5011 -pore  liquid
monitoring devices in the active portion accovdlng to the procedure specified
above. In order to prevent operational ‘nconvenience and sampling bias, the
monitoring -system should be designed ana installed so thﬁt the above-ground
portion of the device is located at least 10 meters (30 feet) from the sampling
location. -1f the above-ground portion of the device is Incated immediately
above the sampling device, the sampling location will often be avoided because
of operational difficulties. Thus, samples collected at this location will be
biased and not representative of the treated area, The distance may be shorter
than 10 m (30 ft) if the operator can ensure no sampling bwas (i.e.. hazardous
vaste treatment practices above the sampler will be the same as the rest of the
uniform area) due to operational practices.

Locations for monitoring an background areas should be raﬂd@ﬁ]y determined
using the following procedure: : '

(1) Consult a qualified <nil scientist: in determining an accept-
able background area, The background area must have charac-
©oteristice (i.e., at least soil) series classitication) similar
~te those present in the uniform or a of the land treatment
unit it s representing, ~

He




(2) Map an arbitrarily selected 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 selected origin.

(3) Complete steps 3, 4, anC ~ as defined above.
(4) fFor soil-pore liquid weui:ering, repeat this procedure as
‘necessary to obtain two locations for soil-pore Tiquid moni-
toring devices within each background area.

4.4.1 Surveying in the Locations of Sites and Site Designations

The exact location of each sampler on the active and background areas
should be designated on a detailed map of the treatment area. Subsequently, 2
surveying crew should be sent into the field to precisely locate the coordin-
ates of the sites in reference to a permanent marker. . This step fis important
to facilitate future recovery of any failed samplers,

For convenience, each sampler location shculd be given a descriptive
designation to facilitate all future activities at the site. For example, this
designation should be posted at the sampling station (which will be off the -
active portion) and sheuld be marked on all collection flasks to facilitate
differentiating between samples. Examples of site designations ave shown in
Figure 4-11. The selection of a designation is purely arbitrary and any
convenient or easily recalled symbol could be used. . ‘

4.5 SAMPLE NUMBER, SIZE, FREQUENCY AND DEPTHS

Background concentrations of hazardous constituents can be established.
using the following procedures. e

(1) . For each soil series present (see Figure 3-16) ‘in the treat- ;
ment zone, install two soil-pore liquid monitoring devices at ~
randomly selected locations in similar soils (Figure 4-12)
where waste has not been applied. The sample collecting
portions of the monitoring devices 'should be placed at a depth
no greater than 30 centimeters (12 inches) below the actual
treatment zone used at the unit (Figure 4-13).

(2) Coellect a sample from each of the soil-pore liquid monitoring
devices on at least a quarzerly basis for at least one year.
If liquid is not present at a reguiarly scheduled sampling
event, a sample should be collected -after a rainfail has
occurred.

The active pdrtian of a land treatment uni: can be sampled using
the following procedures: :

(1) The owner or operator should install six soil-pore 1liquid
monitoring devices at randomly selected locations per uniform
area, but no less than two devices per 1,5 hectares (4 acres).
‘A uniform area is an area of the active portion of a land
treatment unit which is composed of soils of the same soil

83
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