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Table 8- mﬂmmﬁmwmmun.msn

1967; Rehm et al, 1985; USEPA, 1967).

CMETBOD . | APPLICATIONSADVANTAGES : .}
HAND AUGERS — A hand suger + Shaliow soll lsvestigations (0 10 15 i) * Limdtod b0 very shallow depthe
i advanced by tarning i jsto the | * Soll mmples colleciad from the suger (typically < 15 B)
soll untll the bucket or acrew s s Limabic 10 peactrale expomcly donsc
filied The anger is then removed | * Water-bearing 3o identification or mcky or pravelly sall
from the hole. The sample is + Conlamination Prosenos EXRmnaton, + Borehole stability may be difficult o
dislodged from the snger, and maintain, perticulsrly beneath the
drilling contimnes. Motorized maits | © Shallow, small diameter well imstalistion waier able
are also svailable. + Experienced weer can identify stratigmaphic | * Powential for vertical cros-
imteriaces by poactralion resisisnce comtamination
il mmare. e el o= sasaple il & Labwer i
+ Highly mobile, and can be wed in confined
Spac
* Varioos types (ie., bucket, scrow, sic.) sad
sizes (typically 1 %0 9 inches in diameter)
s Inexpenaive 10 purchase
BOLID-FLIGHT AUGERS — A  Shallow solls imvestigations (< 100 ft) » Low-quality soll sumples unless sphit
culter bead (& 24nch diameter) s | * Soil smples are collecied from the auger spoon or thin-emll sampics arc taken
stiached 10 muliiple suger flights. Dights or uaing split-spooa or Usis-walled * Soil sample data limited to aress and
As the sugers are rolated by & samplers if the bole will ot cave upon deplbs where stable solls are
rotary drive bead and forced down retrieval of the augers
by either » bydranlic pulldosn or s | * Vadose 3o0¢ mositoring wells * Unable to isstall mosiior wells in
feed device, cultings are rowted up | * Momitor wells in sstursied, stable soils mosl unconeclidated aquifers
1o ground surfsce by moving sloog | * Mdestification of depth 10 bedrock because Of BOMELOM: CEVIDG UpoR.
the continwous Oighting. = Faai and mobile; can be need with small suger remaval
rigs * Difficult in loose
* Hoiles up to 3N diameter boulders, cobbles, and olher malerial
* No fluids required that might lock wp suger
* Simple 40 decontaminsie + Monitor well dinsseter hmited by
suger diamcier
- me
mationiakl
* Powential for vertical cross
conLaminaLion
BOLLOW-STEM AUGERS — * All types of soil investigations to <100 ft . in sample
FAOLIOW UETD BUSTTING I8 0UDc o 8 Dchuw gl ity i boerviag (resning saad)
similar manner 10 solid-Oight * Pormits high-gualiry soll sampling with formations
sugering. Small-diameter drill rods splil-apoon or thin-wall samplen » 1f water or drilling mud a wed 10
and samplers can be bowered * Waler-quality sampling control beaving will isvade the
through Use hollow sugers for * Monitor well insallation in all formation
sampling. 1f mecessary, sadiment mncossolidated formation * Poueniial for cross-contamination of
within the hollow stem can be * Can scrve s & lemporary casing for coring aquifers where annular space aol
cleaned oui prior 1o ineerting » rock conlrolied by waler or
sampler. Wells can be completed | * Can be wed in siable formations 1o set drilling mud or seriace
below the waler table using the surlace casing * Limited suger diameter Bmils cosing
SUgeT M lemporary casing. * Can be wsed with small rigs in confined size (typical sugers are §¥ein OD

puces
* Does mat require drilling Ouide

with 3ein ID, and 12-in OD with &
in ID)

* Smearing of cleys may seal off

imierval 1o be monilored
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Table 5-3. mmmﬁmwt—mummsu

1987; Rehm of al, 1985; USEPA, 19€7).

0 aETEOD 1| APPLICATIONGADVANTAGES ] . CLIMITATIONS o
DIRECT MUD ROTARY - * Rapid drilling of clry, silt, sad ressonably + Difficult &0 remove drilling mud and
Buid i pamped dows the eompacted sand snd grevel 1o gresl depth wall cake from ouler perimeter of
drill rods and through & bit (=700 f) filier pack during development
staached 10 the botiom of the rods. | * Allows splil-spoos snd thin-well ssmpling + Bestoaite or other drilling feid
The fuid drculaies wp the annular i wsconsolidaied material additives may influcnce guality of
space bringing cuttings 10 e * Allows drilling sad core-sampling in ground -waler samphos
srface. Al the surface, drilling comsolidated mock * Pouemtial for verticsl cross-
fuid and cuttings are discharged s Abundssi and flexible mage of ool sies costaminalion
into & baffled sexdimentation taak, and depth capabilites * Chroulsied catting ssmples arc of
pond, or pii. The wank effweal = Bugdsisssod o ibling sl sl g s poror qreadiny; diffieuls to determine
overfiowns into & suction pit where wvailabie —phc
drilling Buid is recirculated back * Geophysical borekole logs * Splisepoon and thin-wall mamplers
through the drill rode. The drill are expeosive and of queslicoabic
stem is rotsted at the suriace by cosl effectivences Bl depths > 150 ft
top bead or rotary tabie drives and . “u-e::gmqn-m
down pressure i provided by pull- sampling unconsolidated
down devices or drill collan. ﬂmﬂm formations ofien wot
o Driliing fluid isvasion of permeable
0B Sy compromise inlegrity of
subwequent mosilor well mamples
« Difficuli 10 decontaminste pumps
AIR ROTARY = Air rowsry drilling | * Rapid drilling of semi-comsolidated and * Burince casing frequently required 1o
ks similar to mud rotary drilling comsolidated rock 1o grest depth (>700 fr) protect top of hole from ceving
excepl thal air is the circulation » Good quality/relisble formation samples . resiricied 10 semi-
medium. Compressed air injecied (particularty i small quantites of drilling commoliciseer] and comsolidaiod
through the drill rods circulaies Buid arc mad) bocaiee caning provests formationg
cuttings and groundwaier wp ihe minture of cotiings from botiom of hole * Samples reliable, bul oocur as small
aanulus o the sorface. Typically, with collapsed muaterial from sbove chips that may be difficult 10
rotary drill bits are wed in Allows for core-sampling of rock
sedimeniary rocks snd down-hole * Equipment generally svadlable * Drying effect of sir may mask lower
Baoc e s ol b s = Alkree vy aod guick bicotificeiion of ickd wmicr produsag soses
and metamorphic rocks. lithologic changes = Air giream requires conLsminent
Monitor wells can be compleied s | * Allows identification of mos! waier-bearing fktration
open bole intervals benesth B0nes ¢ Alr may modify chemical or
telescopod casings. * Allows estimation of yickds in sirong waler- biological conditions; recovery time
producing oecs with ahort "down Lime" s uncEnLAin
* Powential for vertical croms-
contamination
* Poieptial cosis for Iydrocarbon
contamination from air compressor
or down-bole hammer bil olls
AIR ROTARY WITH CAEING * Rapid driling of sncossolidsied sanda, * Thin, low pressure waler-bearing
DRIVER — This method wses 8 nilka, and soacs esally overiooked if drilling mot
casing driver 10 allow air owry * Drilling in allivial malerial (mchading siopped st sppropriste places ko
drilling through wsisble boulder formatioos) observe whether or pol waier levels
wncossolidated materia. * Cming supports borebole, thereby BIE FOCOVETIRG
Typically, the 4rill bit is extended 6 muintsining borebole inlegrity and reducing | * Ssmpies pubverized ss b all rotary
10 12 inches shead of the casing, ' potenlial for vertical cross-coslaminstion drilling
the casing is drives down, aad thes | + Eliminsies circolation probleme eoommon * Air may modify chemical or
‘the drill bit s wod o clean ] - ~with direct wud rotary method biclogical conditions; recovery time
material from within the cming. * Good formation samples because casing is wmcertsin
(outer wall) prevents mimure of coving
ials with cottings from botiom of bole
* Minimal formation damage s csing pulled

back (umearing of ailts and clays can be
astacipted)
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and lmitations (modified from Aller of al, 198%; GKI,

—— e rETam e T

G G LDMTTATIONS
* Limited borehole sine that Mmits

ROTARY — Circulating fuid (air smcossolidaind snd comodidaied formations diameter of monitor wells
or waler) @ injecied through the = Alcows comtineous ssmpling im sll fypos of + In mmalable formastions, weil
sanulm between the outer casing Brvrmat s diameiers are Bmiled 10
snd drill pipe, flows imio the dril * Very good repressstative sampies can be 4 imches
pipe through the bit, and carries obtained with redeced risk of + Bquipment svailabic more common
ewitings 1o the surface through the coniamination of mepic SRdOr weler- in the souttrwest ULS. than elsewhere
drill pipe. Similar o rotary drilling bearing zone * Alr may modify chomical or
with the casing driver, Lhe ouler * Allow for rock coring biciogical conditions; recovery time
pipe atahilises the borehole mnd + In stable formations. wells with dismeters fs mmceriain
reduces cross-coatamination of s larpe a8 6 inches can be installed jn open | ¢ Usable 1o imstall filer pack unices
fuide and cutiings. Various bits bole complctions completed opea hole
can be weed with this method.
CABLE TOOL DRILLING - A * Drilling i all typss of geologic formations * Diilling s slow, aad frequenily not
drill bit is stiached 10 ke botiom * Almos! sy deplh and dismeter range cost-effective 55 & resuli
of s weighted drill siem that is * Eme of monlior well installation * Hewving of uacomsolidaied materiak
aitached 10 o cable. The cable and | * Essc snd pracicality of well development mast be controlled
dnill siem are suspended from Uee * Excelient samples of ooarse grained medis . svailability more common
drill rig mast. The bit s can be obisimed in central, morth central, and
slternatively ruised aad lowered * Polential for vertical cross-contamination is morihesst sections of the US.
0 1he formation. Casungs e weduxd b cmsing b ad d with
periodically removed waing & boring
bailer. Casing must be added = * Simpic equipmen! and operation
mmwm
ROCK CORING — A carbide or * Prowides high-quality, endisturbed core + Relatively expenaive and slow maie of
diamond-tipped bit is aiached o sampics of stiff 10 hand clays aad rock pencirstion
the botiom of a kollow core barmel | + Holes can be drilled a1 any angle * Can losc & large quantity of drilking
As the bit cuts deeper, the rock * Can desect location and nsture of rock wnler inlo permeable formations
samplc moves up o the core fractures * Potential for vertical croms-
tube. With & deuble sall sore » Can oes sewe hole o a8 snmplsts s L PR e LIOn
barrel, drilling Ouid circalates of geoplrysical logs
betworn the two wals and doss * Variety of core sizes svailabie
ot contact Use core, allowing * Core boles can be utilined for kydraulic
betier recovery, Clean waler i tests and monitor well completion
wsually the driling fluid. Standard | » Can be adapted 10 a varicty of deill rig
core tubes are stisched 10 he fypes and operations

drill atriag waing an oversbot
device thai is lowered on 8 wircline
o Wbe drill atring.
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Tabie 8.3  Drilling methods, applications, and limitations (modified from Aller et al, 198%; GRI,
1967; Behm ¢ al, 1365; USEPA, 1967).

#_

of CPT daia from numcrous besis,
CPT data from af less! one et
per site should be compared o 8
log of conlinwously sampled soll M
an adjscent location.

{1991), Christy and Spradiin
{1992), Edge aad Cordry (1989),
and, Chinng et al. (1992).

Fii;{;‘;i;fm'_f:;?; ‘r:i L APMICATIONWADVANTAGES | 1 apmrmamoss
CONE PENETROMETER - . Mhﬂhm“d + Unabic t0 peactraie desse geologic
Hydraulic rams are wed 50 push 8 conditions (Le., hard clys, boulders,
marTow rod (&g, 1.5-mch . h‘dﬂﬂﬂw c)
diameter) with & cosical point i (& tip ponctration resistance, probe side | © Limited depth capability (depends on
the ground al a sieady mic. fraction, pore pressure, electrical * Soll snples cansot b coliocund
Electronic scoson atlached 1o the conductivity, radioactivity, flucrmcence), fior examination of ccmical
bl probe messure tp pesctration with proper isstramentation, cam be .—pu,-hqﬂllw
resistance, probe side resistance, abaisd rather tusn &
imchination and pore pressune. imirrvale; thos improving 1he detectsbility - tﬂrmﬂi_ﬁﬂ
Seomors have also boco developed of thin layers (ie., mebile DNAFL capillary groundenter can be samphed
0 measure subsarface shecirical bairiren ) ma] coatmmananis Mdmﬂhqﬂlﬂw
comductivity, radicactivity, amd * There are virtually 5o catlings brought 1o * Liesdied svailability
optical properties (lecrescence the ground sorface, thas eliminating the
sad reflectance). Come seed 10 handle cwitings
penetrometer tests (CFT) are * Process presents a reduced polestial for

wvertical cross-conlamination if the openings
e scalod with growt froes the botiom wp

wpon rod ressoval
* Porom probe smplers can be wead to
cnlioct groundwaler samphes with mimimal
loss of wolalile compounds
* Soil gas sampling can be conducied
Fluid sampling from discrese inlervals can
be comducted weing special Locks (£, U
Hydropunch™ manufaciored by Q.ED.
Eavironmental Sysems of Ann Arbor,
Michigan)




