; fge3eyv\ | 6<TIK  Non-destructive. survey nethod of soil air, survey

appar atus, non-destructive cl eanup nethod of contam nated ssure
bul khead used therein Technical Field The present inventi (Hmmmmmﬂmgw ,E
"non-destructive survey nethod of soil air) a survey apparatu

non- destructive cleanup nethod of contaminated soil and a presgﬂ?e bul khead
used therein, and nore particularly to a survey nethod slot involving the
destruction of the in-situ without proceeding to a boring t he
soil horizons targeted as the subject of surveyed or cleanﬂﬂmmmmmmmmmmuound
Art The geol ogi cal contam nation oDeich@tioni | or the groundwatef, by volatil
organi ¢ conpounds (hereinafter referred to as "VOCs") such as
trichloroethyl ene and tetrachl oroet hyl ene has becone a social issue and it
has becomnailasmmgemtsmeegkmtaﬂxoﬁakemmasumefsyfappamaltwrmionglcsthecmv@wleauigpto now
as a Survee){hod o%@&?taqgrYate&)rmFand p1%%’&Eé‘ﬁh%ﬁ&é@&sed%ﬁaeﬁyrVey of soil air

nmet hod conS|st|n 6F™s F Inserting soil air sanpling tubes
or gas probes |nto a dr|IIed hol e or holes or the gas survey nethod

consi sti %%agpkegtly sucking the air are known. However) these prlor arts
have the fol ow ng di sadvantages. (1) The nmethod of suck] L air

nmeans of a dFpe pegenoinveptiomstlates te qupgredesirugive IWW@W&‘&&’&“EQ gﬁm % ﬁe

in-situ. SEIQ%ytJ}J]D'%lE(tQQSQnMOI{ Eﬂsﬁu@ﬁ{féﬂ'(éliaﬁ@ﬂbhhéﬂSd aofl &ﬂﬁmﬁﬁfatéﬂd s6if dnidme from
the start of th ﬁ@ eratlgg Pntl| ‘f end of .t he sugvey ﬁa is avery
unecononPEREFUTe PRGHeak dsed dDEIF LI HPTE pRAEFTBHY © 80§‘t“1vey 1Wfle 84 on,
thi s met hodivileiiegieatidesdn ofthe Ve site stithatit piveeddingia mb01u1rg3m$e$t1<al Tni tgh bur
den on the EQ\I{%Fug?mnggtteg aé@l(aje su}% eckh st%?% le 9@5 dllgyg a sanpling hole by

means of & Frver” presen dvant ages al t hough there
may be differences in the extent (2) The rret hod of sucking soil air by
means of pa.dibllEeghol e requires the extraction of a drill rod after the
hole is g‘%pﬁg{l dto a reqwred depth., For thhs reason}ﬁab g me of
extracting The sdeloeical etamination ofythe saif v ithe §*d X PHEﬁ%lg%’icl air
andkpl’ ev@(ﬂﬁfoxﬁhﬂ}! Seirdiabtce SH{jelelﬁlstc{j rrﬁm ‘“WOIRY Rracle, as( 3)10H1bﬁ)etfﬁjﬂd‘iﬂd anfl

sucki ng soi sing,a drilled hole c ir
cont ai ni HY 384 ?qtloéeﬁ%lbégbﬁf"?’ﬁ}ﬁ]afoﬁﬁll 1851@fa1‘ﬁiolrtrsh%n fnle 2 u1§ ﬁgsggﬂgge of
appr oxi _rrmeebxyieefoﬂ:[b@ﬁmgimeﬂl@rret er. And a sanpling hoI e made by a
sinmplified ?T(pl %exlimhga% a's_L %’ tgcmt)logf %Tpéo'ﬂn&)n%ﬂﬁlfngﬁgn Otflueaﬁﬂ(fé:gXbﬂ?Jlle!AM -

10117171 11T diane I'S redson, ng hol e represents a
punct ual netlead fosistipgl Qfa»‘ﬁl@ﬂmgaﬁ‘%i *Plé)rbydE’csé’rtFﬁgnF%b a’clh%al%ﬁ’rgc@béf 08 giap

cont am nfﬁ'db@@ ihid 2 ARk Riant widsCor el g"’efsgﬁuﬂm%théﬂf cdifsishhlgl’kg‘ digdceiys for

survey w |l be requir The S surve ck| ng the
air is affddreheyr 5 nl"}"'gi i es&ﬁ’dm{lﬁgﬁﬁg%&ghe %h?‘n 1tng est élyfﬁll‘tﬁ%e f he
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creati ng a e pressure environnmen e gr ound
vol atili meae\/li)m; the start of the operation until the end of the survey. And this is a very

uneconomical method because the boring operation is costly. In addition, this method,
being a destructive test at the in-situ, imposes a high burden on the environment.

And the process of drilling a sampling hole by means of a simplified driver
presents similar disadvantages although there may be differences in the extent.

(2) The method of sucking soil air by means of a drilled hole requires the extraction
of a drill rod after the hole is drilled to a required depth. For this reason, at the time of
extracting the drill rod, the flow of air into the hole disrupts soil air and prevents any
suitable surveys from being made.

(3) The method of sucking soil air by using a drilled hole consists of sampling soil air
containing volatile gases from a hole of horizontally a small surface of approximately
¢ 100mm in diameter. And a sampling hole made by a simplified driver has a very

small sampling surface of approximately ¢ 10mm in diameter. For this reason, a



(2) The nethod of punping up contam nated groundwater froma well for

drawi ng ~ater) cleaning up the contam nated groundwater by a cl eanup
apparatus on the ground and returning the purified water underground
“through a return well. (3) The nethod of inserting or injecting a heating
material or a heating chem cal underground, heating VOCs and pronoting
their volatilization. (4) The nethod of excavating contam nated soil and
other r elated matter s by nmeans of a hydraulic excavator and cl eaning up
the contam nated soil by a cleanup machine on the ground. (5) The nethod of
i nj ect i nguhankexrdla represemthenboadtupr axkachor dwsiugtien avd feroAefeEniERe Beivities
of bacteria underground throu i1l FRGIA s@dger of the
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arts regsirve wilkbeargairedoan of a drilled hole or a well or the use of a
hydraul i c avat o, . e MeQhe bhas REE@Ed B the dewiof oysd t he
in-situ e\%ﬁn eh%aﬁgsrﬁléeﬁégégl%%fﬁ%%n%&@%rg cl eani ng up. Accordingly, it is
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cont ami nat i o{},q ARGIIRIENEXREHSIbAE: Riveaehanilngeapletatn mrthe pastier dgmyving | on of

| arge. machines inevitably add up the cost of cleanup. And in case of a
narrow siR eAmMEEditinat i on, the difficul ty of installing |arge_machines
often pr everkesmbiledor enttiap aofegativebtestwor edrawimepiiatder the gronad dgitet mum
position foir gl egﬁt%. And in the case of the contam nation of groundwater,
the ar eatoP'abiie ation is often extended, and the execution of drilling
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appropriate Oln L R aBdreNE Rt Bdanindppdietusi bn itke f ound

t hat the“ﬁ%’r@?%ﬁ{]gﬁl % Ehee \%\éﬁ?“&ﬁﬁgtﬁg&r@quat flft r taﬁﬂ 1ciIMe1 nup work has

st ar t ed, giound endliréthiwing theapryifiadsyatyr ¢ ee‘ﬁlé?ﬁagﬂi“ﬁég Bé?ft“i“bﬁ”egf the well. The
present i nyenhd QRiNaSMRderthasadingitinfe hetingohagirahlr haodagingunhdmiht | oned
above and is designed tgl hi eve thﬁ fol Low ng. objgcts. It is the object of
the presBrdersiovantiegHing Cgfs FEORORBR IS TUCT Ve survey nethod 2 of
soil air capER metfodaxekdivanponitagiratel stiherd etbst rajatpd Grastesady PMeBF vi ng

t he destruction of the_in-sit L rdo¥t W cl8shhiMeMS cldhe SOI |
cont ani n%ﬁ hﬁ&ﬁfdﬂ ﬁ’ﬁ/ca(‘)’fljgtoll 3%%Icaje§?g%eﬁgtam aéolggav{/Ii %Sge?, goeab(sgli |y anﬁewi thout fail
and an app#reagrosnd.her eof . Anot her object of the present invention is to

provide a (E')O’?ﬁéjﬁﬁftﬁddcéfi ¥RoTRS BRde of heRBing] yrdeeniaigmatiegranite thapabl e

of cleaning up the same W thout destroying, the sit f._cl ot
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w t hdrawn apd the cost .of work ca . : A lor @, Jor essur e
bul khead usgawteYFér%’i“iP“ﬁ RS u%lgqgggﬁehgwgﬁﬂﬁl%ﬁ%ﬁh#ﬁg 4E)r%eéls%é)h'?l i nvention
desi gnedatiydanticeneasasrdtoohicactts and| aveef the paiop GRS s P ficthievia sétay&) net hod
of soil gif, EQEBI él%'iH%nhQ@fq?%%gﬁhﬁfupd'A%&ﬁ’@i'nEE', ! iPHASEHbR thykikbaad thavi ng an
opening I'n such™way that said opening nmay face, the grohmg surffagebfa

mai nt ai nimgjtu ket i QiéalWa%seltéfadsb&ieEgbﬁfOé% SAFERMIRAtIORART AP §X958YRE P
pressur epaisk $a8MmkioA DrSiel opiritidm of Riige piahiies enbuitdbheadd fur tie sest\ady,
wherein said pressure bul khead is of at |east a double construction

conpri si ﬁlﬁa‘éﬁﬁ"out side pressure bul khead and an inside pressure bul khead,
the soil ai Anfihatcabé ofadndmbw siteeofcohtimieatigradhe Woffimelen of Hisgaling Jp18e
pressure bul khead and the_insi essur.ebpl. | &akSEhaeosdinduhsi de
and at tﬁ’e“gléﬁ"rﬁﬂeﬁemtehee“%%otﬁ? Cg%fgglhgtyf“l%gmgg@ﬁ?glglt he i nsi deg?dace QWi thin
the insi desipore&sideanpl khe an thescasanp thedcontamiaation of eraRad yoe: ﬁP%gﬁw
invention relates tQ xSl MNEMIBPPRAAIHS &bl oRbFillesgiration i efienr e

bul khead “havi ng an opening i s disposed, in such a.way that s |1d eni,ng nmay
face the l‘g?rtldemg dyetq ﬁ@é‘?ﬂgﬁ‘élqlﬁﬁ"d@' xepdt én‘gf‘p%‘ﬁpda rEEEHTE Ogﬁ Firﬁlg)a

mai nt ai n@ﬂex@&r@eﬂﬁﬂﬁ)&ﬁd’@h@ﬁ e5is W dahdt theeositioh ofitire well Bawphdauatetaftar sai d
pressure bul khead for a survey . ei,n_sai e | 1 east

of a douBlPeed%Wé’t“r’?fgthaBﬁtadB%*’ll\é\llgﬁécuellﬁa%u‘iogﬁhgéo %l%gggﬂ%gjogﬂlgaggg%‘gﬂh an

i nsi de pr essue proehkineantiorands madebesedronrtbateshndpsiealbaekaroHgmeHEonsdt si de
space between said _out si.de pr r and the inside pressure

bul khead agﬁv& %“ﬁe‘s gﬁss'}F%ee t§6§§159€m§#hf§1r1§§g?gﬁ?%gi de pressure bul kheaqgo t a
negative pr&sistheobjnd of the piesetidnyintignttparayeie)a pey deshRCtiyq JREY PAUY; d

out si de space outside, and a neans for sanpling the soil air that flowed in
sai d i nside space.



Said suction nmeans is linked with a suction hole created in said outside
pressure bul khead and a |ink hole linking said outside space with said
inside space is formed on said inside pressure bul khead. A air tightness
"nmai ntaining member is provided to block 3 - the inflow of the air into
the outside space on the opening of said outside pressure bull;head. Said
air tightness naintaining member is an annular flexible body fitted into
sai d openi ng of said outside pressure bul khead. Said air tightness

mai ntai ning menber is a cylindrical body to be buried underground. Said
sanpl i ngofme@nsaipfeapatile tﬂ'l évcﬁmﬂgr bcﬁmg sadpbthey dsgthereesypeciivoling dheated in

sa1 0 out ol de Bresot e il khead Bl | 085, PLESS® UldkDRAM.B0 oRaBEND! | N0

tube ins PR se sanpling hol es
sucki ng agttbnabpiptd artgal@mclostaears.ﬂylamdazddwttwfﬁnl)andnalb&‘RiPéFatt‘@“%fﬁﬁ?feve sal d
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he 'steps o
her et i cclszpaoe up momﬂaensfuﬁd a@é C%ﬁabﬂeh@f angh‘éi? F%ﬁ?llieaWﬁg?‘étdgeéé‘g?ﬁg tgﬁ bj ect
of survey,, a:%'df} lﬁ'n@glo?-bﬁbj&‘? b ahﬁ%i.tlhdho%@'dde he tHednvirofpageatophetsite ofuct i on

appar atus, keeping said hermetic s
into sai &oHerhereby té%%@“%bﬁf‘éﬁﬁeﬁ&% ﬁ”};@g%%\é ﬁﬂg&%}é(@%@ﬂgﬁﬁcggp ;

hori zon, o ANELS Uedi JTIvARCLabli 5& harged go @u]tosirl keelt el suoksuire bntlderdhaned by
nmeans of said suction apparatus.. Said hernetic space may be fornmed by

di sposi ng'eHB- pressure bul khead having an opening in such a way that said
opening may face the ground surface. In this connection, a neans for

bl ocki ng th%smeof?l%ﬂfveltﬂh air into said pressure bul khead may be provi ded
around sai'd -6 TEET s case, a _banking na b created sai d
openi ng or '§1a¢ dl&;ﬁmwngitmydel%nb‘iﬁq @Q#l‘i)’ﬁ(fé’rdg‘flﬁﬁf e %In?h‘sg ”fc pe

bl ocki ngsxg}@ﬁw&ﬂ&vﬁfg&l L&A Ehsmylﬁe Qt!’e§§3ﬂl1slbd3iﬁgni pressuat dolkhebdhesnt o a

pressure used for t
peni ng. P2 CEFEEE o8 S0 PRE Bt TGP HESSBH THoPCath Eargerid Gt Phe

S Ub{c ect gfe %blﬂaﬁ 8)adendf Sl préssueybilkindadtdte getiveigressyre kad eamhlenag paLigi
surface,.and,the in ce |s set at a negatlve pressure so that VOCs
and ot hef %%Pﬁf%ﬁi’t“g‘%fgﬁ? '6d' ©°h said soil air may be sucked .therein,
and an air twhéreinessd pmssmalbmilkivgadremf@lt lgast pdeyhle eepstychrR R PPERE AR | ow of

Ergﬁbal r 8%131@%%18&%9 %Efkﬁ’legci 23810 PRRBIEksuAbElkBbdd, theRbiDagstharifovad ni ng

I AR A IO T ER T
al so be f,enmesh téym&hfaL@)ﬁ' dtedbady at Bhd kané cnhia ke sail sheBtat é};opachdnmgih@n t he
Formed. bisermrtr ¥yRmmar fusd® Bty puibefd f aAPRR AN ME 1 08 T et T
Descri pti onAafl thherBseaniingstibn relates to a survey appalatus of soil air wherem a

pressure bulkhead having an opening is disposed in such a way that said opening may

face the ground surface, the inside space of said pressure bulkhead maintained at a

negative pressure and the soil air is sampled within said pressure bulkhead for a

survey,

wherein said pressure bulkhead is at least of a double construction comprising an
outside pressure bulkhead and an inside pressure bulkhead, and '

a suction means for maintaining the outside space between said outside pressure
bulkhead and the inside pressure bulkhead and the inside space within said inside
pressure bulkhead at a negative pressure and for discharging the soil air that flowed in
said outside space outside, and

a means for sampling the soil air that flowed in said inside space.

Said suction means is linked with a suction hole created in said outside pressure
bulkhead and a link hole linking said outside space with said inside space is formed on

said inside pressure bulkhead. A air tightness maintaining member is provided to block



Fig. 1 is a longitudinal sectional view show ng the node of carrying out
the survey nethod of soil air and the apparatus according to the present
invention; Fig. 2 is a longitudinal sectional view show ng the sanpling
"operation of soil air; Fig. 3 is a diagramshow ng the process of sanpling
soil air and the pressure condition within the pressure bul khead; Fig. 4 is
a |longitudi nal sectional view show ng the node of carrying out the cleanup
met hod according to the present invention; Fig. 5 is a |ongitudinal
sectional view show ng another node of carrying out the cleanup nethod;
Fig. G iﬁueainh&ﬂgjfttliéjiaﬂaint(&QE& loGtsede MiaééWoS hbwiopgnist idf Isaginod thee nregrarof
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pressure busichiwdai? camtdintedein spiq dermpeiis space DYUIPR FYSH0™S 2BPRF ALY ?‘ﬁgl?la% space
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sanpl i ngtleodesiph@ry o shiglrapeningal | y cl osed by a plug 17 when soil air is
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is created on the insia ressurée_bul 3. T |s k§
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or polygonal cylindrical shape.
Brief Description of the Drawings



Then) the nethod of sanpling soil air at the in-situ by using said survey
apparatus of soil air will be described below by referring to Figs. 1 - 3.
The outside pressure bul khead 2 and the inside pressure bul khead 3 are

“di sposed on the ground surface G at the in-situ in such a way that the
openings 4 and 5 may face the ground surface G When a pressure reducing
nmeans 13 is operated in this state) air contained in the outside space 7
and the inside space S |inked each other through the linkage hole 18 is
sucked, and the pressure within the pressure bul khead 1 changes to a

negative 0”@‘1% Ass @ lélﬁgsﬁilldﬁna]ts&!%mﬁh’lhﬁhd@h&%@@hgnﬁﬂg of @1@1 )hﬂ@ beethepasey8 are

respectlvelly |Il?d wth soil air I S in spite of the
pr esence Rfthedd sgil pireang i ’ﬁé%@lﬁﬁisﬁF%ﬂl ‘l“ﬁdo g?’b“’n*b‘é?ené ““feHEOP’nf | ow of air 23
fromthe opgm. Bgs éfld:ﬁcglﬁlbﬂ’la@bﬁcslbﬁiﬁ vidvesisowi gy thel dﬁh@&\dgﬁptlﬂh@l)Toflﬁnl@uf,sI de
space r is nav01 da\k% giés”' but i ‘ﬁn of r% Sssure %est){elng%I on of
negative pr égSLﬁ’éS) ”[‘%ia’ﬂ‘f‘ oél”Bg SMFECBUPK RN W P pE Rl SRSR By t he
code G coditi@r wiRin the potdsere wdkldsd: t he soil air 20 that flowed into the
out si de spa r I r a i 3 ed air
reduces the%? 4 V\é i logg?tga%gpag%lﬁg%lt ute&ccgz%oi dﬁ%\ﬁﬁ IHOd% % %qﬁzggc{ﬁé?lﬁgr ged
out si de b&ﬁawiwngﬂwﬁla@qrplf}@artstll@lﬁﬁe()mlfe\f?@tl@um| on hoI e 11 On the ot her
hand, only ggils Rid lo%éltmltngl mtlﬁlkbladléw tsheink | 0B iod@ ot iobutnihy f 1 ows
into the jnside space 8. Therefore, the size of the inside pressure

bul khead ¢82p¢p Be8iogned t o be sufficiently smaller than that of the outside
pressure buFihead allondibedishZecibndl Rew Bisivilag ptid ssdtler mddehdadningsouset by
taki ng i nto.account t%e expanse of the ground surface targeted as the

subj ect &F¢ SEAVRYIY%ont ani nat ed soil, transportation and manageability at
t he in-sit uFigArtihe lolyitutlincke petidsalotew Bleoveoga bk @referredmodaof ¢oryinpartsthe 3, f or
exanpl e ~ 300mm or nore can be easily realized. And after a
spemﬂeﬁelc;@iqﬁbh1 }eg{il me_has passed, as_shown in Fig. 2, a gas sanpling
pipe 24 is Frgs@rlts(@dlomatt@dmhbswmlu\ﬁ@h sbewae FRotiea maler S Céwwgaﬁar@anpl e
the soil p@ésgm%JﬂuWthmlﬁ gat hered in the inside space 8. For the gas

sanpl i ng pi wel | - kno as detecti.n pe havi ng a .gas suctlon hol e
at the top ﬁ%ﬁy%b‘é B%I‘“‘%En]d%@%ﬁ?’?a‘ié’bev\' ‘H‘éflgﬁfg aqgbive ™ %SWB\%A W

unpr ecedeld pdssané stkkhdiadig ef fects can be obtai ned accordi ng to the present
invention. (1) Costly boring process involving destruction at the in-situ
can be omtted in conparison with the conventional nethod of sucking soil
ai r by nBaaBegfMddd ¢fl(edriiog est thadwemndiongl y, it is possible to make sure

that cont amI‘HQ‘txﬁgi Qf . M?fﬁl doxpcet&uﬁve%yx@cdnﬁftenﬁoﬂ QW A%t deREBLA YeRRALIN A
short | ength, of ince no atnospheric air flows into the inside

space, afefedsig toafi1'a“f1‘885 i ged %‘P“’al%l”ﬁ’bldéﬁlwwf HRTY 4 ?Wlﬁ‘fust?feso i#can be
sanpl ed, al:ctmdlﬁg @@&Bé @L%ehﬁ inRKeos, Lkg&ltigﬁfheq&m‘éeﬁﬁ‘b nallédagai is woallddulie
surveye i nsi de press ul khea t e m or
nor e canc‘B((? élé'g?l? VOPREF Ee8 ¢ gﬁ‘g% Kol T qmﬁahreé% of° %”8}) 1“53%[ %é’?&g%mrmre

| ar ger t halkhedre 3cbspoeedt iroidd thebrédf| Blae h@ﬂseis metdmeabdll\ém @rangf thepipeidki mat el y
d= 10 - bOR.MD 6ainbE 8kl %gfpem@ébef@@gmgg Of RCS! ieNGuklag pQULGE Of

soil con oniIn va area eval uati on |t

possi bl ebvl#hdada%@p@alpq ylswemwéuxwlhwlé@raleﬂ@eﬁﬁéy thertund |Sh‘1fé‘6€h‘aé]|1| son

wi th theseany Al itRRdheSopedB¥s wlﬁ%jﬁlaﬁﬁﬂcetﬂﬂerg%t@fdes&ﬁlc@ GT‘@ICE&dmlgEf Nery
efficient. (4) In co arlso?lvvlththe LiFTB?ﬁémé I&oq gdrect%% sucki ng
the air, OPiSide’ RECHJADF R eRp 5f°f“é%ilf’ea”tf3“‘teh v ndoFhent it ealig ot her

factor s) balktledd@usd af endide sphicPpBasidd the iisidneesaré balkheand ard rateetvapi I

woul d be, surve carrying out the non-destructive

cl eanup HEY %&X&e fo&Bﬁga?Pn(%ﬁ/%gmam Qe%%%ordl ng to the present invention will
be descri be@hbebening Hi ¢f thew&tsade?plessaethudidszlad\ﬁ sviittddowithopnt e tredtizesef

carryl ng, allllg a%:hr? &r@n T&?O %g) i{ tﬂgrﬁﬁoq'xn o?&n%%%tp\clyel But%l%% f)'age 14Th§» air

cont ami nat ]/ 32), his soil horizon 31 is
t ar get edtlabtmsfemgmbju@mg lljﬁmhelc? éawwgm@ifé rﬂbe%bQilN d'ltieﬁé’nftbF CHMRg eCRat ment s

shal | be,geafer 6&%&% THi Qealﬁ{u@aisﬂ'éh‘%lprIOHy h@ﬁﬁd@%flmbwlo’i m@; Qlfole@ﬁilléi’yl ng
out is a C¥I|n rical or a square, or ﬁtéy % Ilndrlcal menb § and has an

openi ng D¥terjaldhefedipplpys 1 sedipedupgriop §“géi °§?}étt? SHe PROEL S8 ked wit h
a sucti opf appafcahtSsudfacs W hitas desiakly uimp il opgeng 5 bfsthwdiishle precdudent al |y,
the pressure bul khead 33 is nade of stainless steel or other pressure tight
materials and can be nmade of any pressure tight materials of whatever
nature or type. For exanple, it can be nade of a plastic board with a

rei nforcing nmenber on the inside or odtside circunference. And its shape is
not limted to a cylinder, and a hem sphere or other various shapes can be
adopt ed.



This pressure bul khead 33 is disposed on the ground surface G of the soi
hori zon 31 targeted as the subject of cleanup operation in such a way that
t he opening 34 may face the ground surface G As a result, a hernetically
"cl osed space 3G is zoned on the ground surface G And the suction apparatus
3 7 is operated to suck the air contained i1l the pressure bul khead 33 and
change the pressure inside to a pressure |ower than the atnospheric
pressure (negative pressure). This will pronote the novenent of fluids such
as soil air contained in the soil horizon 31, and the soil fluid is

.absor bedbilthead heopidesSitted oith kisoada:33r tigshtshsawmaipyaibing memwbaw i0n Fig. 4. As
a result of th| uctl of s n I ow into
1t he pressure %3??% gghmmSSQE%fbﬁ@%P?eM éﬁbﬁﬁg%ﬁgéﬁgFQQ§Hthygk

vol ati | | heed iigntha Mnllmaﬁsmdrﬁ ioughcetofian eumﬂrab Aepblsdody Andl b RIFERIRAP ged

out si de. 1 The:: cQI\ %gtfgﬁ‘éﬂo?)ndé?ﬁon\é%eddll)ys&ti@i'hg%@dfﬁtﬁlm@ RRisStubhila®Bodp s at us 3
r may be neasure noni tored by a concentration measuring instrunent not
shown t oswitahdgéenthén freajpead of any cleanup treatnent. O an adsoption

apparatus ipg sW@h&hh@i@tl'l\’@tc?Qt@ch@ﬁ QQ@btlﬂsﬁieLtﬁ‘Géhulémyll\ﬂhgad BI'HﬁGCthW sdetiansuct i on
apparatus 37 thr ough a piping to adsgrb V %gdug? i d node of

carryi ngh#igtlliis llﬁb%ﬁ"té‘na FRSIORSBEHASY P’o‘ﬂ‘cprﬁit . f"?‘rcémt‘-}k})g?’gn ¥y

confir megdipe rl2aA@>ﬁés@{ueSgHu\g@y14 iHawaviesd, oni theissctiossipbl18. Tl ootiduoteaas saur vey
accordin to.t [ , ot words t0
conti rm trereRl et e Dottt th i TnEEp FEk AT E, AR0H e bl e

i nstrunment ianguttednatd ipdedsed aa)slap“m waRigp Soiperughi i ay Whehthehereasyre
tightnesg, Q{w eﬁ% 119 Rk @érEQ%lQBuﬂﬁ@a@@%ﬁﬁﬁﬁe 3tnel dlmhi@aiRm@SidE €

bul khead "3 the ground surface is insufficient, air flov~s into the
pressur eptﬁﬁﬂéﬁéa’dbgsﬂaﬁ?&%ﬁ‘%ents an effr cient suction of fluids such as

soil air. FAQs%myﬁm%”H’olQ 1%hi%Vc1e§tl@3 dABdes tat o(ﬁaemie/lpmsmt buihkéal B arEasur es
are taken to bl ocl :

0 essur 33. In
ot her woPEpLiRg pjpe §°1sgﬁ v@él gesﬁb‘B%‘{ B‘%}O‘éésr W?V@é gthtlem 'Hns samgﬁb%g 1‘9}%6}%0 i's
created aeowsitallelospeby ngpldd 1f whére sgt ewsiarsackad. Iéhbald hgk b&haklrredhs of
bl acki ngPttQ{ elsr}]a];lceowa%d tgﬁ 1bs1€‘p(g%£cla98 {E‘)&@at% fahe Xhﬂ@e B}ESSQQMIQB 5:' g. G
represents uri e undergroun as a neans of bl ocking the
i nflow ofl‘hmlmk mi\esl&mun?nﬂmrrlyew ptamdnedwidoieridéaiup met hod does not

provide any AgefbefsidotpdrRiJHitak %E@d@bfesﬁdrgmuﬂﬂ%ﬁdl?aﬂ&@h@ﬁﬁ&&uﬁ@s@ibkhead
itself. It _1s possible to provide an air ti rrg alnlnﬂbp‘r;?eve1 in

the pres§bikae ﬁkhé‘%?dn‘iafrseél gt § JeEALHEIPTRIETS: ’FIO At 2 ARG5S

pref er r eghdiote @ﬂ‘mc@phéryd ﬁﬂas&lﬂe tihsT o mowt biefdmbljefsmnedaad abidliownd Siging
preferred rry t .the Q) be node
of carryftitf 1@' ?’elghsgﬁe“ tha eg“ ch ésprq‘séffs%%rrsfuls%g cééglsgq)%% ]pgeq{(gﬁévannlallar

f1 exi bl epbsihye 44 forsa ph@nlldtpdaasrharhu@d rshebeyht Resapapgicnralveprry arbndiasalat t he
top of the, %penl ng 34 in the pressure bul khead 33. The annul ar flexible

body 41 i's ri ng of the same_shape as that of the o%pen ng 34, for exanple
a circul ar El‘hwgt ¢ methad) of gamaling paibair ghthedy studyatsit ﬁ@i"@h‘i‘ppéh%tué

?g_eCI fi edrdoili SKREBSe %rseﬁrseearbeumﬂymelhrydtem@ss-@f t he pressure bul khleadbsg
I mensi on en the |1 nner..an r. diLaneter e body
41 is made E‘}’QPBWdéﬂﬁﬁiﬁ“ée Q‘S‘F 2&8 &be it r‘?lﬁ%sul E Cﬂ%ale{l ee&her ein
t he pressniie Aulkheadadds hstihdiispas e pudhta def drmhe:qwﬁlmgm4rﬁgldt5dnahéacshape of
the ground surf sprface G
i ncr ease;ll Rer F Lufa%e (fan‘ghél Spf & %%ﬁggtg&%gg&\?vge%{l% ’r\%%mam??}?‘@‘%ﬁ&ér t he

openi ng Bdhtam@ld tnmehegwdaldd spagef aeed chq wsidgisnecs haiaketherchrghgripranghdbeair is

prevent eﬂnk é'éulﬁ)le hg Esvgdci(e(p%nﬂcﬁié I Bl Bunle Qvilig lih@f)icés&'u@fbtuh]%efﬂi uicengedch as
soil air. e node carryl ng out shown_in ents a ﬁgﬂ}
air

wherein & lrege&rwxs %éyewhl 118 ORISR BACH é%élre Hlﬁldnessp ook PifonEe

t i ght nesgpRiiihaioNiano®Eoer at the top surface of the openr ng 34 in the
pressure bul khead 33.. The flef<%bl e bOd"%éhn t e formo
[

s an
expansi on 48t ERisdHaR iy Saﬁetqﬁé BYSEPRE ¥ O FBr é%l‘éae%fm?lﬁg“m“ rll]laerlllélb gﬁ The
fl exi bl etllilﬂpﬁﬂlok\ﬂoﬂ fie 2Bofem ahe aJpsimegM detheSOWmde pocfssﬁmrbtdkkm]dl %n‘a;o sbét
rubber materjal just .as the. a r . d And
in the sf"éﬁsﬁi mﬂéJr% fHe ‘ﬁravglsdu{r}fé} anflkﬁ g‘éﬁlt%% 3 %}esggl%%létggﬁé%] O¥| n the
form of aeghitdk Knakeme)t éthix tthe nahssstﬁapellqhsmtllr e’dle\)re 3s glmtobiithg 9°8fn g to
the ground surface G and a sufficiently |arge area of contact with the
ground surface G for the thickness of the pressure bul khead 33 can be
obtained. And by placing and solidly fixing a banking or other |oads 44 on
the expansion 4-3, it is possible to fal e the expansi on 43 adhere cl osely
to tile ground surface G and to maintain a sufficient air tightness. In the
case of the rmde of carryl ng out shown |n F| gs. | and 8 however wat er or

o, e o o,



Cl) As it is unnecessary to dig a well or excavate by using a hydraulic
excavator, the soil condition at the in~situ is not destroyed. C2) As
nei t her boring work nor other works involving the use of |arge machines is
‘required) the cost of cleanup operation can be drastically reduced. ~3) As
no well for punping up water is required, it wll be possible to cope with
narrow contam nation sites. In addition, since no boring or any other
operation is required for cleanup, there will no restrictions for cleanup
nmeasures due to residential area or roads. (4) Even when it has becone

evi dent hhﬂbeﬂ‘h&‘Iﬂ%ﬂixéi\@d'id@fth@-s&ﬂ@ﬁ‘sﬂﬂ@abﬂbkg&aﬁoitﬁe Betside phhseumwall ber t he

cl eanup oper.ation had, started, e si tion. of the machi can. be e sily
changed, Pgd byt et AN G- %ﬂsﬁlffét*flbé“@aévaéy BRSANEr PERHTOR

conpri si ﬁga&xhemsﬁiepﬁccﬁﬂn@i;s pogiling: disqnegsiuresibe bk hieashdtian inngnarl 3dpeni ng i n
such way .t fgcgwgég 3Pening may face the ground surface, maintaining the

i nsi de sf pressure bul khead at a negative pressure and sanpling
soil air inOsahd oplreeésudemﬂulskihaacBlf oith av el wigyhaterai m Fadas pobsytir e

bul kheadgj, s o Bhe b ts%csi@ugiaefo%%w&%' Bh& el 198G @Bu AR 985

pressure ead an I NSi pressure bul khead, the soil air that flowed

i nto thedesignside bspadiicigdbieanlles dhan shatseidhe ﬁrl&ss%wl@smﬁ brERg2 G Rd Thhe

i nsi de p§1@§§M1% 1Qéihglﬂii‘égu1‘esblﬂk}$ééhey ﬂ%@t Py tgiigeiapdcating fiR é@ﬂﬁset dfitRe t he

soil air }ha& wed |nt g |n§| f ace gnthln tﬁg |nit t ?ure

bul khead®&4°§" aSH’dp‘éedtaf‘é‘?te (P 8YLiess of Rutygy ol FonigpupY g g0t tray p|01 AP wher ei n
a pressussd ﬁuhk&’@aﬂltiﬂthlﬂgm&TtuOﬂthm it dejotindpos eltk scalesufche suctiay ntdaat sai d
openi ng Er?”éfinnetxamﬁotle ad meléel ofséf.rﬂ)@mm 01tnt110€i‘e cgﬁ*ﬂ)éjg sﬁlg?‘g%%zgé said pressure a

bul khead ressure and : air is sanpled
Wi t hi n sai dApd efsua ep@mﬁddﬁeagthfaﬁtmw Iaspeesed, ahehromimindiig.2, preas semplibail khead

I's at &3& 5@ sﬂlsgl%b Lfio 9194@915144&%'19%301%%@' i) teguanaw;aﬁmstmm% 81

bulkhead an insid Eressure | khead, and a_suction nmeans fo
mai nt ai nilvg bensatdarediindhe gide susé%ewe@ﬁl &g @S@atngila%pwﬁ@ésw’éﬂﬁapwéaa and

t he insi &i%e&{(@sfﬁgé Ea\bﬂéklgﬁélﬂucﬁiad hbféﬁhtltﬂétdﬂaréﬁ}?ﬁé:ﬂsew thin said insi del _
pressure u ea r ur.e an r SOl alr
Phat 11 owats Hogb Bt S iestae. BregRpeife Sl le SRR B hife R o

soi | airbdMﬂhnﬁﬂem&dhngtsdudneumtdawspace 3. The survey apparatus of soi

air actor (BI Bgsté buﬁl?%]é)léce SIE\%IIWQng%Ie% ﬁ&ﬁ)ﬁl t}q@%p‘@mﬁ Scalll&kgqult\{:\é& hl] sai d

out si de préssur sal d outside space with
sai d i nstcepagiser &viibsthiegppesntionaksapidod néﬁ@énm@slswby wpkh@%ﬂ]e«i hofgfe survey

appar at u§cc9f‘d1§%% it @ ﬁos@ﬁ@@{odﬁlgge E@eGhad Bnfa NRBERT Dilatoudd be LhGRY LSS
mai ntai nj n I'S proyi the inflow of air into the outside

e
space onoﬂﬁﬁﬂbﬁﬁﬂyﬁ@ddFa§$PﬁlﬁﬁF§|g@“ﬁressure bul khead. 5. The survey
appar at us (of S1$16é |no aaltmoqﬂ@e:rcchmgot@ nctloethm:ﬂsmmgpsaee naighisdl airrnot ingilitdess

mai nt ai né ngxéa 8 §'the m@ Y%ﬁ@ﬂe Cg e é Qirg 1%90'%_ f'ogsta@g toq \es |9 t%BFm ng of

sai d outsi sur e e survey apparatus o air
accor di nepntanghtadmod wived b¢ pugeyed. ai r ti ght ness nmai nt ai ni ng rrenber is a

cylindri cad) QoY1 ph&sRM hathaHAAEH YL Qifeter of ¢ 300mm or more can be easily
realized, and a' sampling area of 900 — 9 times or more larger than the conventional
drilled holes with a diameter of approximately ¢ 10 — 100 mm can be realized.
Therefore, for specifying the source of soil contamination in a vast plant site by “area
evaluation,” it is possible to drastically reduce the number of survey points in
comparison with the conventional survey methods and therefore this method is very
efficient.

(4) In comparison with the gas survey method of directly sucking the air, this method
is not affected by the movement of wind and other factors, and therefore it is possible to
ensure that contaminated soil would be surveyed.

And now, the mode of carrying out the non-destructive cleanup method of

contaminated soil according to the present invention will be described below. Fig. 4 is a



r. The survey apparatus of soil air according to claim2 wherein said
sanpling neans of soil air conprises sanpling holes respectively created in
sai d outside pressure bull; head and inside pressure bul khead and a sanpling
‘tube inserted into said inside 1.1 space through these sanpling holes for
sucking and sanpling soil air. 8. A non-destructive cleanup nethod of soi
air conprising the steps of zoning hernetic space on the ground surface of
the soil horizon targeted as the subject of cleanup, and sucking the air
contained in said hernetic space by the suction apparatus) keeplng sai d

her net i ¢ sepans vadw shavegathemops efxsuyingand thusiiandbe seibheuza Hefhoptiig space
cont ani n?‘n%% S?ocn %nm%a?_l{?gy 9@'@%%%@\% r#coﬁ@'n‘énfb@l bo)h@hd @195‘ 601@35’1 sdHcki Bg and

di schar gi conta means of sai t
apparatusmg@wdﬁh@haanhﬂ@%@ﬂ&@hﬁﬁ@J@P@&h@paﬁéﬂﬁ%@ﬂkwl@bﬁﬁéﬁPﬁgféﬁ QEFI
accordi ng {E oM. 8 wherein said hernetic space is formed by disposing the
pressure %u h

ead havi ngh an opening in such a way .that lgenl ng nay
face the grdupuresgnfeduek 6’393311ﬁéh’r$dﬁ°dcfé%ft°PUétl}g\féltd? ééh]&ﬁ?ﬁé%ﬂ g sgyare
COP} am nf@I‘ ?61 ydal cAGRRIE REMbE: £lEhdB £h M&E]ﬁg .'514 &n:ﬂ&aﬂﬁq i)ﬁsfsshledﬁﬁ]\lﬁrgtdt he
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ground su f‘ace e inside_space Is_set at ygﬁgepﬁgﬁ've pressure so that

VOCs and Cblnl‘ri’ér a@dr@t}mwmg o FRERYHEWS Sharesican i zon may be sucked
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bul khead BUEEE § eanu tanlnat soi | act or { ng 10 claimi12 -
wher ei n $hé plleamrletblu@‘ti@ﬁé% amdwh?a@%‘ihﬁ@lﬁséﬁifelrnsi% tP SrAFEPURR OW e 280 Hife body

in the formoheAc ek LERBANSr e@aua)herh@@wnm ﬁb@cﬁxﬁot@fths awlfemaﬁﬂ IoﬂglmdBS The
pressure bul khead used for t he clgg Hﬁ g& ﬁ ﬁ% OB 1b&§ 4 hgg to
cl ai m 12 siferesi! aaicertareddip dht AY P 1aﬁﬂ$ i§a §
cylindri gadssedyullhyadesd dsishsahbyshe brrberih Zom 4. AQ a 1esult of thls suct1on of soﬂ
. AL. A8u. AL ] an o th
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activated cha1coa1 is used.may be linked with a suction apparatus 37 through a piping
to adsorb VOCs. Incidentally, said mode of carrying out is based on the assumption
that the existence of VOCs is confirmed in a prior survey. However, it is possible to
conduct a survey according to a method similar to the one mentioned above, in other
words to confirm the existence of VOCs by means of a concentration measuring
instrument, and then to proceed to a cleanup operation.

When the air tightness between the top surface of the opening 34 in the pressure
bulkhead 38 and the ground surface 85 is insufficient, air flows into the pressure
bulkhead 33 and prevents an efficient suction of fluids such as soil air. Figs. 5 and 6

show the modes of carrying out wherein measures are taken to block the inflow of air
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air tightness maintaining member in the pressure bulkhead itself to block the inflow of
air. And now a preferred mode of carrying out thereof will be described below. Some
preferred modes of carrying out the same will be described below.

The mode of carrying out shown in Fig. 7 represents a case in which an annular
flexible body 41 is provided as an air tightness maintaining member at the top of the
opening 34 in the pressure bulkhead 33. The annular flexible body 41 is a ring of the
same shape as that of the opening 34, for example a circular ring or a polygonal ring,
having a specified height and a specified thickness greater than the thickness of the
pressure bulkhead 33 (dimension between the inner and outer diameter).

The annular flexible body 41 is made of for example a soft rubber material. And in
the state wherein the pressure bulkhead 33 is disposed, it deforms conforming to the
shape of the ground surface G, and the surface of contact with the ground surface G
increases. Therefore, the air tightness between the top surface of the opening 34 and
the ground surface G is maintained and the inflow of air is prevented. Thus, it will be
possible to suck efficiently fluids such as soil air.

The mode of carrying out shown in Fig. 8 represents a case wherein a flexible body
in the form of a sheet 42 is provided as an air tightness maintaining member at the top
surface of the opening 34 in the pressure bulkhead 33. The flexible body in the form of
a sheet 43 has an expansion 43 expanding on the outer circumference of the opening 34.
The flexible body in the form of a sheet 42 is made of for example a soft rubber material
just as the annular flexible body 41 shown in Fig. 7. And in the state where the
pressure bulkhead 33 is disposed, it spreads in the form of a disk (when the external
shape is circular) conforming to the ground surface G, and a sufficiently large area of
contact with the ground surface G for the thickness of the pressure bulkhead 33 can be
obtained.

And by placing and solidly fixing a banking or other loads 44 on the expansion 43,
it is possible to make the expansion 43 adhere closely to the ground surface G and to
maintain a sufficient air tightness. In the case of the mode of carrying out shown in
Figs. 7 and 8, however, water or other fluids may be allowed to penetrate as a sealing

material on the ground surface G that will be in contact with the annular flexible body
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. The mode of carrying out shown in Fig. 9 represents a case wherein a cylindrical
body 45 is provided as an air tightness maintaining member at the top of the opening
34 in the pressure bulkhead 33. The cylindrical body 45 is made of steel and other hard
materials, and it is thicker than the pressure bulkhead 33. By burying such a
cylindrical body 45 underground, it is possible to ensure that air tightness will be
maintained.

As described in details above, it is possible to obtain the following outstanding

effects according to the present invention.

(1) As it is unnecessary to dig a well or excavate by using a hydraulic excavator, the
soil condition at the in-situ is not destroyed.

(2) As neither boring work nor other works involving the use of large machines is
required, the cost of cleanup operation can be drastically reduced.

(3) As no well for pumping up water is required, it will be possible to cope with
narrow contamination sites. In addition, since no boring or any other operation is
required for cleanup, there will no restrictions for cleanup measures due to residential
area or roads.

(4) Even when it has become evident that the position of a pressure bulkhead is not
optimum after the cleanup operation had started, the position of the machine can be

easily changed.
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Claims

1. A non-destructive survey method of soil air comprising the steps of disposing a
pressure bulkhead having an opening in such way that said opening may face the
ground surface, maintaining the inside space of said pressure bulkhead at a negative
pressure and sampling soil air in said pressure bulkhead for a survey,
wherein said pressure bulkhead is of at least a double construction comprising an

outside pressure bulkhead and an inside pressure bulkhead, the soil air that flowed
into the outside space between said outside pressure bulkhead and the inside pressure
bulkhead is discharged outside and at the same time the soil air that flowed into the
inside space within the inside pressure bulkhead is sampled for a survey.
2. A survey apparatus of soil air wherein a pressure bulkhead having an opening is
disposed in such a way that said opening may face the ground surface, the inside space
of said pressure bulkhead maintained at a negative pressure and the soil air is
sampled within said pressure bulkhead for a survey,

wherein said pressure bulkhead is at least of a double construction comprising an
outside pressure bulkhead and an inside pressure bulkhead, and

a suction means for maintaining the outside space between said outside pressure
bulkhead and the inside pressure bulkhead and the inside space within said inside
pressure bulkhead at a negative pressure and for discharging the soil air that flowed in
said outside space outside, and

a means for sampling the soil air that flowed in said inside space.
3. The survey apparatus of soil air according to claim 2 wherein said suction means is
linked with said outside pressure bulkhead and a link hole linking said outside space
with said inside space is formed on said inside pressure bulkhead.
4. The survey apparatus of soil air according to claim 2 wherein an air tightness
maintaining member is provided to block the inflow of air into the outside space on the
opening of said outside pressure bulkhead.
5. The survey apparatus of soil air according to claim 4 wherein said air tightness
maintaining member is an annular flexible body fitted into said opening of said outside
pressure bulkhead.
6. The survey apparatus of soil air according to claim 4 wherein said air tightness
maintaining member is a cylindrical body to be buried underground.
7. The survey apparatus of soil air according to claim 2 wherein said sampling means
of soil air comprises sampling holes respectively created in said outside pressure

bulkhead and inside pressure bulkhead and a sampling tube inserted into said inside
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said hermetic space at a negative pressure and sucking into said hermetic space
contaminants such as VOCs contained in said soil horizon, and

sucking and discharging outside the sucked contaminants by means of said suction
apparatus.
9. The non-destructive cleanup method of contaminated soil according claim 8
wherein said hermetic space is formed by disposing the pressure bulkhead having an
opening in such a way that said opening may face the ground surface.
10. The non destructive cleanup method of contaminated soil according to claim 9
wherein a means for blocking the inflow of the air into said pressure bulkhead is
provided around said opening.
11. The non destructive cleanup method of contaminated soil according to claim 10
wherein a banking is created around said opening or said opening is buried
underground as said means for blocking the inflow of the air.
12. A pressure bulkhead used for the cleanup of contaminated soil wherein an
opening is created on the surface of the soil horizon targeted as the subject of cleanup
in such a way that the opening may face the ground surface, and the inside space is set
at a negative pressure so that VOCs and other contaminants contained in said soil
horizon may be sucked therein, and

an air tightness maintaining member is provided to block the inflow of air into said
opening.
13. The pressure bulkhead used for the cleanup of contaminated soil according to
claim 12 wherein said air tightness maintaining member is formed by a deformable
annular flexible body conforming to the shape of the ground surface.
14. The pressure bulkhead used for the cleanup of contaminated soil according to
claim 12 wherein said air tightness maintaining member is formed by a flexible body in
the form of a sheet expanding on the periphery of said opening.
15. The pressure bulkhead used for the cleanup of contaminated soil according to
claim 12 wherein said air tightness maintaining member is formed by a hard

cylindrical body buried in said soil horizon.



