
EP 0 547 169 B1 Description                                      through
pipes or tubing connected to collectors or analytical Instruments which are
usually  above- FIELD OF THE INVENTION                             ground.
The samples of this method are transferred at relatively high rates over
relatively short sampling This invention relates to apparatus for in-ground
5   periods. In passive collection methods the collectors collection by
passive vapor collectors of subsurface  are sited directly at in-ground
sampling locations gasesfor subsequent analysis;and moreparticularly,
without connection to external equipment Samples to apparatus which Include
protection of the collec-  are accumulated in situ at much lower rates and
over tors from water, dirt, and mechanical damage during  relatively long
periods of time by diffusin of soil- the in-ground insertion, sampling and
removal steps.  10  gases into the passive collectors. The apparatus
simplifies and makes easier in-ground    It can be seen from the
application listed above insertion and retrieval of the collectors.
that the collectors may be placed in locations and en- vironments that vary
extremely in their topography BACKGROUND OF THE INVENTION
weather, soil types and soil conditions. These varia- 15  tions must be
faced as a matter of fact and problems The use of in-ground vapor
collectors to obtain  associated with them overcome. Of particular con-
samples of subsurface gases is well known. For ex-  cern are those
variations which influence the perfor- ample, they can be used in
geological explorations for  mance of the sorbents and those which
influence In- oil, natural gas and geothermal resources. Another  ground
insertion and retrieval of the collectors. example is in the collection of
gases emanating from   20  In order for passive vapor collectors to
function pollutants in the ground from such sources as chem-  effectively
their sorbents must be kept clean and free ical wastes, accidental spills,
tank or piping leaks and  of contaminating materials. In many locations the
the like.                                          presence of water will
adversely affect the perfor- These soil gases are often present in very low
mance of the sorbents; either by occupying sorbent concentrations or in
soil conditions that make it diffi-  25  sites itself when it contacts the
sorbentorby exposing cult to obtain reliable results using active gas
collec-  the sorbent to water-borne contaminants which then tion
techniques. Passive vapor collectors accumulate  occupy the sorbent sites.
gases over extended periods of time and can be left   The in-ground
insertion and retrieval of passive in place until sufficient sample is
sorbed by them so  vapor collectors also expose them to risks that may that
reliable measurements of the gases can be   30  adversely affect their
performance. There is a risk of made.
physical damage to the passive vapor collectors dur- Examples of passive
vapor collectors for in-   ing the insertion and retrieval steps, in
particular, dur- ground collection of soil-gases can be found In   ing the
excavation step necessary to recover the col- French Patent 2,299,651 which
describes use of open  lector for further work. There is also a risk of
sorbent containers placed in inverted positions in shallow ex-  35
contamination during the insertion and retrieval cavated holes in the earth
for collection of upward mi-  steps. This risk is associated with exposure
of the col- grating gases. Passive gas detector materials are  lector to
the surface atmosphere during the time re- mounted in the containers. At
the end of the sampling  quired to carefully emplace the collector and the
period the collection apparatus is removed from the  much more lengthy time
required for careful excava- excavations and the detector materials are
analysed.  40  tion and recovery of the collector. Patent SU 1257-443-A
describes placing an effuser     There is another risk of sorbent
contamination in the wall of an excavated pit and connecting the ef-  which
must be considered. This risk is associated with fuser to a sealed
gas-impermeable tube which      the size and depth of the hole required for
emplace- passed to the surface. At the end of the sampling per-  ment of
the collector. The collector should be located iod the seal in the tube is
punctured and a sample of  45  at a depth that prevents influence by the
surface at- air is drawn from the effuser. U.S. Patent 3,028,313  mosphere
in a hole created with minimum ground dis- describes a
vertically-compartmented elongated    turbance. The wider and shallower a
hole is, the more housing which has a pointed porous bottom section.
difficult it becomes to reliably seal it against surface The compartments
are separated by gas-permeable   influence. membranes which support liquid
reagents or culture  50  It can be seen then that a system that provides
medium for reaction with the gases entering the por-  protection from
contamination and physical damage ous tip.
to the collectors, minimizes ground disturbance, facil- Active collection
methods are distinguished from  itates in-ground insertion and retrieval,
and elimin- passive collection methods by the means by which   ates the
need for excavation to recover the collectors the sampled gases are
conveyed to collectors or to  55   would be very desirable. analytical
instruments. In active collection methods soil-gas samples are drawn from
the in-ground sam- pling location and transferred by pumping them 2    



3                   EP 0 547 169 B1                    4 SUMMARY OF THE
INVENTION                           other end of the means for insertion
and retrieval 10 is extended for use in retrieving the apparatus from This
invention provides improvements in in-    in-ground locations. The flexible
means for insertion ground sampling equipment for collection of volatile
and retrieval 10 is preferably a flexible tube of porous gases in
subsurface soils.                    5   expanded polytetrafluoroethylene.
It also provides novel apparatus which safeguard   The completed assembly
Is packaged and taken the sensitivity and collection capability of passive
va-  to the field where the flexible means for insertion and por collectors
by protecting them from damage or   retrieval 10 is unfolded and used to
lowerthe passive contamination caused by water intrusion and sub-   vapor
monitor 12 Into a previously prepared hole In stances carried by water.
10  the ground. The hole, typically about 0.5 inches in di- It also
provides novel apparatus for easy in-  ameter by about 3 feet deep is
usually created by tile ground insertion and retrieval of passive
vaporcollec-  probe or auger. The hole is backfilled quickly with the tors
which minimize ground disturbance and expos-  collector in place and a
length 15 of the extended end ure time to the surface atmosphere during
insertion  of the tube 10 left on the surface to serve as a loca- and
retrieval; and which also facilitates effective seal-  15  tion marker and
for withdrawal of the passive vapor ing of the hole to reduce risk of
contamination by the  collector from the ground. surface atmosphere during
the in-ground residence     To recover the collector from Its in-ground
loca- period.                                           tion the end of the
tube on the surface is grasped and Specif ically, the apparatus of the
invention com-  used to pull the collector to the surface. As the forces
prises (a) at least one passive vapor collector and (b)  20  of lifting the
collector are applied the flexible tube 10 a means for protecting and
retrieving said collector  stretches and distorts itself so as to tightly
conform from in-ground locations comprising at least one liq-  to and
uniformly apply constrictive forces to the col- uld water penetration
resistant vapor-permeable con-  lector while, at the same time, forming a
taper shape tainer which encloses the the passive vapor collector  in the
direction of lift immediately above the collector (a).
25  thereby aiding in recovering the apparatus without By "vapor-permeable"
is meantthatthe container  damage and without the need for excavation.
walls permit diffusion of soil-gas vapors from the soil,  Porous expanded
polytetrafluoroethylene tube inward, to the collector. Lquid water
penetration re-  10 provides a liquid water penetration resistantvapor-
sistance is used herein to mean the resistance to pas-  permeable
protective container which prevents dam- sage of liquid water from one side
of a porous material  30  age from soiling, mechanical abrasion water and
wa- to the other side.                                 ter-borne
contaminants to the sorbent materials of the collector. In addition, the
smooth slippery surface BRIEF DESCRIPTION OF THE DRAWINGS
of the expanded polytetrafluoroethylene tube com- bined with Its ability to
streamline itself when pulled Figure  is a cross-section view of one
embodi-  35  on, significantly simplifies removal of the passive va- ment
of the invention as it appears after in-ground in-  por collector from
in-ground locations and eliminates sertion.
the costs and problems associated with excavation to Figure 2 Is a
cross-sectional view of another em-  retrieve the collector. bodimentofthe
invertion asit appears after in-ground  Although passive vapor collectors
such as the Insertion.                                     40  Pro-Tek[err]
Organic Vapor Badge, 3M Organic Vapor Figure 3 is a cross-sectional view of
the embodi-  Monitor, Vapor-Trak[err] Toxic Gas Monitor and the like ment
shown in Figure 2 as It appears during withdraw-  may be used, the passive
vapor collector 12 Is prefer- al from the ground.
ably a porous polytetrafluoroethylene tubular con- tainer containing a
sorbent 14 (shown as solid partio- DETAILED DESCRIPTION OF THE INVENTION
45  ulate) as described in U.S. Patent4,830,643. The por- ous
polytetrafluoroethylene sorbent container pro- Assembly and use of the
invention can best be  vides advantages over other passive vapor collector
understood by referring to the drawings.           constructions in that
secondary protection against The embodiment of the invention shown in
Figure  water intrusion, abrasion and soiling Is provided by 1 is
constructed by first placing a passive vapor col-  50  the collector
itself. lector 12 containing sorbent 14 In a flexible tubular liq-  A
further advantage of the construction descri- uld water penetration
resistant vapor-permeable    bed thus far is that it permits easy cleaning
of the en- means for insertion and retrieval 10. One end of the  tire
assembly or regeneration of the sorbent, with sol- tube is dosed with a
damp 13 or by knotting, crimping  vents or by thermal means, prior to
packaging for or heat sealing to form a container enclosing the va-  55
transport to the field. In addition, the strength, chem- par collector 12.
If desired, a weight may be placed in-  ical inertness, and thermal
properties of the porous side with the vapor collector or attached
externally to  expanded polytetrafluoroethylene also permit des- the tube
to facilitate insertion Into the ground. The  orption of the sorbent
without removal of the sorbent    5                   EP 0 547 169 B1
6 



from the tubular container, for example, by solvent ex-  is needed a
relatively weak, liquid water penetration traction or thermal means, which
simplifies and low-  resistant vapor-permeable  material laminated to the
costs of sample preparation for analysis of col-  stronger, tougher, more
abrasion resistant material lected vapors.
can be used. The sorbent 14 of the passive vapor collector 12   5  The
flexible porous means for insertion and re- is a material such as silica
gel, activated carbon, ac-  trieval 20 for this embodiment is preferably a
porous tivated charcoal, calcium carbonate, calcium sulfate,  flexible
expanded polytetrafluoroethylene tube. The activated alumina, molecular
sieve, diatomaceous    protective container 21 enclosing the passive vapor
earth, chromatographic polymer resin or the like. The  collector 22 is
inserted into the tube 20 and fixed In properties of the porous expanded
polytetrafluoro-  10  place by clamp 23 or by knotting, crimping, or heat-
ethylene of the passive vapor collector 12 also permit  sealing the tube
behind it. An alternatively preferred the sorbent of the collector to be a
liquid or a combin-  flexible porous means for insertion and retrieval may
ation of liquid and solid. The collector may be filled  instead be a
stainless steel wire mesh tube braided, with a composite of sorbent grains
dispersed in a ma-  woven or knitted of fine stainless steel wire. Such
trix, for example, a composite of carbon grains in a   15  tubes have high
strength and abrasion resistance polytetrafluoroethylene matrix.
Alternatively, the col  without undue loss of flexibility and
vapor-permeabil- lector may be filled with a material which is not a sor-
ity and facilitate retrieval of the container 21 from its bent but,
instead, is a material used to detect vapors  in-ground location even
though the pull required by other means, for example, by color change or
other  might be great or the abrasive quality of rocky or san- chemical
reaction.                             20  dy soils might be severe. For use
in applications where the passive vapor    The completed assembly is
inserted into the collector has little or no protection from damage by
ground as described earlier. Following a predeter- water, abrasion, or
soiling inherent in its construction  mined residence period the apparatus
is recovered by or where there is high potential for damage to the col-
pulling it from the ground using the flexible porous lector, for example,
in abrasive or rocky soils, another  25   means for in-ground insertion and
retrieval 20 and re- embodiment of the invention is used as shown in Fig-
moved from the field for further work. ure 2.
Figure 3 shows the same elements depicted In Referring to Figure 2 the
apparatus of the Inven-  Figure 2 as the apparatus is being pulled from its
in- tion is constructed by first enclosing a passive vapor  ground
location. As the forces required to pull the as- collector 22 containing
sorbent 24 in a liquid water  30  sembly through the ground are applied,
the porous penetration resistant vapor-permeable container 21  flexible
means 20 stretches, conforms tightly to the which Is then fixed to a
flexible porous means 20 for  container 21 and uniformlyapplies
constrictive forces Insertion and retrieval such as porous expanded poly-
around the container that prevent harmful local tetrafluoroethylene tubing,
stainless steel wire mesh  stresses from building up and keeps the
container tubing, tubular netting, string or wire.       35  aligned in the
direction of travel. Atthe same time the The protective container  21
enclosing the pas-  element 20 forms a tapered shape ahead of the con- sive
vapor collector 22 Is preferably made from por-  tainer, thereby, in sum,
making it easy to recover the ous expanded polytetrafluoroethylene tubing
or      apparatus without damage and without the need for sheet. After
enclosing the passive vapor collector the  excavation. ends of the porous
expanded polytetrafluoroethylene   40 tubing or edges of the porous
expanded polytetra- fluoroethylene sheet are sealed by heat, mechanical
Claims pressure, suitable adhesives, plugs, clamps, or com- binations ofthe
above known in the arttoformaliquid  1. Apparatus for soil-gas sampling
comprising at water penetration resistant vapor-permeable contain-  45
least one passive vapor collector (12) and char- er.
acterized by having a means for protecting, in- There is some latitude
possible In the selection of  sorting, and retrieving said vapor collector
from water penetration resistance properties of the con-    in-ground
locations comprising at least one liquid tainer depending on the conditions
to which it will be  water penetration resistantvapor-permeable por-
exposed In use. It is quite apparent that use condi-  so  ous flexible
expanded polytetrafluoroethylene tions in dry desert terrain will be much
different than  container (10) which encloses the passive vapor those
encountered in marshy regions or shore areas     collector. near streams,
rivers, lakes and oceans. For example, for use in marshy regions, a
container with higher wa-  2. The apparatus for soil-gas sampling as
recited in ter penetration resistance than required for use in dry  55
claim 1, wherein the container (10) for protecting, desert regions is
needed. Or, for example, where low-  inserting, and retrieving is a porous
flexible ex- er water penetration resistance is acceptable but      panded
polytetrafluoroethylene tube. greater strength, toughness, and abrasion
resistance 4    5       EP 0 547 169 B1                                   6



from the tubularcontainer, forexample, by solvent ex-  is needed a
relatively weak, liquid water penetration traction or thermal means, which
simplifies and low-  resistant vapor-permeable material laminated to ers
the costs of sample preparation foranalysis of col-  stronger, tougher,
more abrasion resistant material lected vapors.
can be used. The sorbent 14 of the passive vapor collector 12   5  The
flexible porous means for Insertion and re- is a material such as silica
gel, activated carbon, ac-  trieval 20 for this embodiment is preferably a
porous tivated charcoal, calcium carbonate, calcium sulfate,  flexible
expanded polytetrafluoroethylene tube. The activated alumina, molecular
sieve, diatomaceous    protective container 21 enclosing the passive vapor
earth, chromatographic polymer resin or the like. The  collector 22 is
inserted into the tube 20 and fixed In properties of the porous expanded
polytetrafluoro-  10  place by clamp 23 or by knotting, crimping, or heat-
ethylene of the passive vapor collector 12 also permit  sealing the tube
behind it. An alternatively preferred the sorbent of the collector to be a
liquid or a combin-  flexible porous means for Insertion and retrieval may
ation of liquid and solid. The collector may be filled  instead be a
stainless steel wire mesh tube braided, with a composite of sorbent grains
dispersed in a ma-  woven or knitted of fine stainless steel wire. Such
trix, for example, a composite of carbon grains in a   15  tubes have high
strength and abrasion resistance polytetrafluoroethylene matrix.
Alternatively, the col-  without undue loss of flexibility and
vapor-permeabil- lector may be filled with a material which is not a sor-
ity and facilitate retrieval of the container 21 from its bent but,
Instead, is a material used to detect vapors  in-ground location even
though the pull required by other means, for example, by color change or
other  might be great or the abrasive quality of rocky or san- chemical
reaction.                             20  dy soils might be severe. For use
in applications where the passive vapor     The completed assembly is
Inserted Into the collector has little or no protection from damage by
ground as described earlier. Following a predeter- water, abrasion, or
soiling inherent in its construction  mined residence period the apparatus
is recovered by or where there is high potential for damage to the col-
pulling it from the ground using the flexible porous lector, for example,
in abrasive or rocky soils, another  25   means for in-ground Insertion and
retrieval 20 and re- embodiment of the invention is used as shown In Fig-
moved from the field for further work. ure 2.
Figure 3 shows the same elements depicted In Referring to Figure 2 the
apparatus of the inven-  Figure 2 as the apparatus Is being pulled from Its
in- tion is constructed by first enclosing a passive vapor  ground
location. As the forces required to pull the as- collector 22 containing
sorbent 24 in a liquid water  30  sembly through the ground are applied,
the porous penetration resistant vapor-permeable container 21  flexible
means 20 stretches, conforms tightly to the which is then fixed to a
flexible porous means 20 for  container21 and uniformly applies
constrictive forces insertion and retrieval such as porous expanded poly-
around the container that prevent harmful local tetrafluoroethylene tubing,
stainless steel wire mesh  stresses from building up and keeps the
container tubing, tubular netting, string or wire.       35  aligned in the
direction of travel. At the same time the The protective container 21
enclosing the pas-   element 20 forms a tapered shape ahead of the con-
sive vapor collector 22 is preferably made from por-  tainer, thereby, in
sum, making it easy to recover the ous expanded polytetrafluoroethylene
tubing or      apparatus without damage and without the need for sheet.
After enclosing the passive vapor collector the  excavation. ends of the
porous expanded polytetrafluoroethylene   40 tubing or edges of the porous
expanded polytetra- fluoroethylene sheet are sealed by heat, mechanical
Claims pressure, suitable adhesives, plugs, clamps, or com- binations of
the above known in the art to form a liquid  1. Apparatus for soil-gas
sampling comprising at water penetration resistant vapor-permeable contain-
45  least one passive vapor collector (12) and char- er.
acterized by having a means for protecting, in- There is some latitude
possible in the selection of  serting, and retrieving said vapor collector
from water penetration resistance properties of the con-    in-ground
locations comprising at least one liquid tainer depending on the conditions
to which it will be  water penetration resistantvapor-permeable por-
exposed in use. It is quite apparent that use condi-  50  ous flexible
expanded polytetrafluoroethylene tions in dry desert terrain will be much
different than  container (10) which encloses the passive vapor those
encountered in marshy regions or shore areas      collector. near streams,
rivers, lakes and oceans. For example, for use in marshy regions, a
container with higher wa-  2. The apparatus for soil-gas sampling as
recited in ter penetration resistance than required for use in dry  55
claim 1, wherein the container (10) for protecting, desert regions is
needed. Or, for example, where low-  inserting, and retrieving is a porous
flexible ex- er water penetration resistance is acceptable but      panded
polytetrafluoroethylene tube. greater strength, toughness, and abrasion
resistance 4    7           EP 0 547 169 B1                    8 



3. The apparatus for soil-gas sampling as recited in  Polytetrafluorethylen
beshenden Behalbr (21) claim 2, wherein the passive vapor collector (12)
eingeschlossen bt, der zwischen den genannten is a porous expanded
polyteflafluoroethylene      passiven Dampf-Sammler und den Behalter (20)
tubular container containing a sorbent.          zum Schutzenj Elnsetzen
und zum Wiedergewin- 6      non des genannten passiven Dampf-Sammlers 4.
The apparatus for soil-gas sampling in claim 1,   dazwlschengesetzt Let.
wherein the passive vapor collector comprises a porous
polytetrafluoroethylene tubular container  5. Der Apparat zur
Erdgas-Probeentnahme, wie in filled with sorbent (22) and is enclosed in a
sec-  Anspruch 4 angegeben, bel welchem die Vorrich- ond protective porous
expanded polytetrafluoro-  10  tung (20) zum Elnsetzen und Wiedergewinnen
ethylene container (21) interposed between said   des passiven
Dampf-Sammlers eln aus elnem passive vapor collector and the container (20)
for  por6sen expandlerten Polytetrafluorethylen be- protecting, inserting,
and retreiving said passive  stehendes Rohr ist. vapor collector. 15 5. The
apparatus for soil-gas sampling as recited In  Revendlcatlons claim 4,
wherein the means (20) for inserting and retrieving the passive vapor
collector is a porous  1. Apparell d'6chantillonnage de gaz du sol,
expanded polytetrafluoroethylene tube.            comprenant au molns un
collecteur de vapeur 20      passif (12) et caract6ris6 par le fait de
comporter un moyen pour prot6ger, Introduire et r6cup6rer Patentansprche.
ledit collecteur de vapours en des,. ou A partir dernmpacements
souterrains; comprenant au 1. Apparat zur Erdgas-Probeentnahme, welcher
moins un reciplent en polytetrafluiorothyline wenigstens einen passiven
Dampf-Sammler (12)  25  (10), expanse6, flexible, poreux, permeable aux
aufweist und dadurch gekennzeichnot ist, daM      vapeurs, sWopposant A la
p6notration d'eau liqui- : er eine Vorrichtung zum Schfitzen, Einsetzen
deetenosantlecollecteurdevapeurs passif. und Wiedergewinnen des genannten
Dampf- Sammlers von Im Erdboden befindlichen Stellen  2. Lappareil
d'echantillonnage de gai du sol selon aufweist, wobei die Vorrichtung
wenigstens el-  3o  la revendication 1, dans lequel le reciplent (10) nen
ausu elnem gegenfber der Durchdringung        destin6 A proteger,
introduire et r~cup6rer, est un durch flOssiges Wasserwiderstandsfihigen
oder     tube en polytetrafluoroethyline expans6, po- bestandigen,
dampfdurchlassigen porosen, fle-     reux, flexible. xiblen expandlerten
Polytetrafluorethylen beste- -   henden Behalter (10) umfaft, der den
passiven  3S  3. Lapparell d'6chantillonnage de gaz du sol selon
Dampf-Sammler einschlielt.                       Ia revendicatlon 2, dans
lequel le collecteur de vapeurs passif (12) est un reciplent en polytetra-
2. Der Apparat zur Erdgas-Probeentnahme, wle In      fluoroethylene,
expanse, poreux,. contenant un Anspruch'  angegeben, bei welchem der Behil-
sorbant. *   KJ  ter (10) zum Schttzen, Einsetzen und Wiederge-  4o winnen
eh aus einem porosen, flexiblen, expan-  4. LUappareil d'6chantillonnage de
gaz du sol selon dlerten Polytetrafluorethylen bestehendes Rohr    la
revendication 1, dans lequel le collecteur de lst.
vapeur passif comprend un rhcipient tubulaire en polyt6trafluoro6thylene
(10), poreux, rempli d'un 3. Der Apparat fOr die Erdgas-Probeentnahme, wie
45  sorbant (22), et est enclos dans un deuxibme re- in Anspruch 2
angegeben, bei welchem der pas-     ciplent protecteur en
polytetrafluoroethylbne sive Dampf-Sammler (12) eh aus einem poro-
(21), expanse, poreux, interpose entre ledit col- son, expandierten
Polytetrafluorethylen beste-    lecteur de vapeurs passif etle r6cipient
(20) des- hender rohrformiger Behalter Ist, der ein Absorp-  tine A
prot6ger, introduire et recuperer ledit col- tionsmittel enthalt.
50     lecteur de vapeurs passif. 4. Der Apparat fOr die
Erdgas-Probeentnahme, wie  5. LUappareil d'dchantillonnage de gaz du sol
selon In Anspruch I angegeben, be! welchem der pas-     Ia revendicatlon 4,
dans loquel le moyen (20) des- sive Dampf-Sammler elnen aus elnem por8sen
tine A Introduire et recuperer le collecteur de va- Polytetrafluorethylen
bestehenden, rohrformi-  5s  peurs passif est un tube expanse en polytetra-
gen Behfilter aufweist, der mit elnem Absorptl-   fluoroethylbne. onsmittel
(22) geffllt ist, und in elnem zweiten schftzenden, aus einem porOsen
expandierten 5    


