; fge3exu\ | 6<TI Ki Non-destructive survey nethod of soil air, survey
apparatus) non-destructive cleanup nmethod of contam nated soil and pressure
bul khead used therein Technical Field The present invention relates to a
non-destructive survey nethod of soil air, a survey apparatus, a
non-destructive cl eanup nethod of contam nated soil and a @r essure bul khead

used therein, and nore particularly to a survey nethod nom mmmmmmmwnh?he

destruction of the in-situ without proceeding to a boring
soi | horizons targeted as the subjeptscphtigsr veyed or cl eaned wpisBackgr ound
Art The geol ogi cal contam nation of the soil or the groundwater by volatile
organi ¢ conpounds (hereinafter referred to as "VOCs") such as

L ri CBI or ombhsdle@rmacm@cbu&eet(yr laetmoeE@@biwir;emm?Spmlamnm-mﬁmﬁvé sieteund it
as becone an urgent task.to take nmeasur or eani ng themup. Up to now
as a sur vgk?afoéic“rﬁg?ﬂqﬁwaﬁﬁq Soélofi”}aa RIGHTA ‘hlgﬁ?agn‘fse%ﬁ *'&Wrvey of soil air

nmet hod consi sting of sanpling soil air by inserting soil air sanpling tubes
or gas pr%)c smi M9 drilled hole or holes or the gas survey nethod

consi sting of @i T 6c |y sucking the air are known. However, these prior arts
have the fol |'Dywi pipseiitsiamdortinmaprdates td p mMimedesiupiaee efrveisleting &foioll &if.ra by
nmeans of gy e} | dppdrdiQd, €a Ohor@ls@® cliftOllch8Sp andihbd |df NGnRREHA%H 0ORIahnd e
in-situ. For this eason,ﬁ}hhs met hod requires .a.long period of tine from
t he startpwsvﬁeb@%é?aait usef (FReTer (e Spde drartirHady, t9ed  SURKRY PftROd 2o very
uneconom galolvifed tHedicbrraatiseofithe ibsitn Rithopesdtdeding t6 aClidinig\opelatioadd ithd on,
this nmethod,. bei n%:;ta dteatrﬁ:]ti e Ee t _at %heli n-ﬁitu, i nposes a hi gh burden
on the endt}BHHERT tarBetRf 4° ees"‘;g’?e(ﬁ ESYTGYCU TF3NG "] sanpl i ng hol e by neans
of a sinplified driver presents simlar di sadvantages al though there nmay be
di fferenc ' xtent. (2) The nethod of sucking soil air by neans of a
drilled h%?chg%%ﬁl}i%@s the extraction of a drill rod after the hole is
drilled to aThegatlpeieeloptamingtipn phitke palhgphe groupdwater iy olatdg orgais ng t he
dr! ltl b[ 0d corhpunkik ?We@éig@ﬂté’r iré‘ifegreﬂhﬁ) m%!rﬁVdCSD Uphch f%.@i Ericékli:ld’roétﬁﬁll_elﬁé ez_hlxﬁi’l':)s any
sui tabl e surveys m bei made. (.3). The od, of suckin oi ir by
ot ng . arraeplenhdthofed Sethan selilistingodot FoshPond At ariin i Uoe 265 o
gases fromeasihes drefeahmgithentul |y a small surface of approxinmately ~ 100mm
in dianmeter. /An | | \ ' €1 Lver S @ very
smal | sanpl i HA\ %u&vgggpa o%ﬁ“g%’g?%:ﬁf‘@?’gf@ Sgﬁ @_&@nﬁlﬁhﬁ?a{;ﬁ}eféﬁﬁ%g g]? ha?IS
reason, amethagiaeqisistige sl semmdimgespilnaiy by waerdingagoilagia pampling \tubesaey e8¢ and
for deter pidbedGndohs dSOMECRIOLr HRick drOMhk Al NAL N mlethod d6a8iELIRYE BNLLSEE, @

| ar ge nunber  of drilli r}{lg points for_ survey wll bﬁtere(ﬂuueﬂ_. c§4) The gas
survey mefWdinohediy aetngwa Ry A thesedirior pkls hpyethedetlasng Hsadiapirest wi nd
and t her ef dile Thamghodlef etdkime sdiheairsiyumeaenbf g cirilledi hvdd bo holeAmetites a

Lgl Lgm ggnd%iacnggo%lse%}qirogsatQ%g ?n-@f%ﬁ.eﬁor%lsyreﬁ’s%%?tﬂi? &%Jd@e&&?espf‘?o%gfpgjfio& loF ani ng
time from 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
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(1) The nethod of creating a negative pressure environnment under the ground
| evel to volatilize VOCs, (2) The nethod of punping up contam nated
groundwater froma wel |l for drawi ng water, cleaning up the contan nated
groundwat er by a cl eanup apparatus on the ground and returning the purified
wat er 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 method of excavating

cont am na%?ﬂpﬁﬂ’% lhol%_nfgp%éaﬁ{s A un%EQQ]. ABdal 8y SevaYuatRANEn@fford B Eth Althd Ghe
excavator and c] eani nga up the contam nated sail b¥ cl gan maghi nfe on the
ket of 4ri

ground. (Surehel spak qoptprematinn év pivagt Hark sk & larees SRURE 1%si gned
to pronot guivag wllt bé Ydqduied. of bacteria underground through a drilled hole

and taki ng ntage of th i ssol ution.function. of.,. contanj nants.b he
bact eri a. I-@g\is"ég?sg SHvEY H’iﬂ?}tﬂ% °§§fr§° yefﬂ?}‘}n@n@ﬁé‘“clr’seaaf\ﬁefttgﬂtbﬁ;%]’%ﬁ&vrvi° et hol e
or a wel | aed thdreforssenabt dettnydinathd ©uexcfvatanitagioexcavat e, and any of the
prior arts dest S, the i n-si t i ]l gani ng
G, Aceor di gt B¢l i linbide ¥ il RGNy bREY B LIE BHGEE Bbarfth

cl eanup aswpicontazdndtedmoibef ore contami nati on. And the execution of a boring
operation 0(3) THE RESALH QBhifs 4 AESRIVIREAEDRSe v I8N nb A Ve dRL gfbuhBQe\féDSt of
cl eanup. And _in case of a narrow site of contam nation, the difficulty of

i nstal | i nde vertidzend@ts-nes often prevents the creation of a well for draw ng
wat er at the) gptinfdtAddPesphmpighqr coatarindfed gbandwatéhomas el ffol fiawing

contam nation of groundwater, the area of. contam nation is offen exiended)
and the eX&&h ic%’ﬁg]d‘lg Wygﬁ?icﬂgtagﬁg?tgéi ARy ag rtg % g‘lg??lllpc? g aue ?%)%El??le
resi dent i growmdeadarturongshe andfiappateprnddrerommd $hrough efretsreamllp are of ten
prevent ed. bd of %{gj { BlctihB S RORide ABte?fal LP& HBking! eRal
adequat e af gﬁ‘h%gﬂg&g})%gaz%sfemr 0]hggécs_lt grted, Ifg!t N sef c?i fficul tmgndecost ly to
change t hewmgersraungdnhestingnéOGrpnd prpmetipg gginyolptizelioRon was made based on

t he t echnol QYIre&knREKE QLA Rbhtaischtad S Eadnethe s rdlgtsi gngthrd by aclheve t he
foll ow ng gbjets. [ ect of .the prese i,on to pr.avide a

.1t is the obj t. i gvent
non- dest r GERiyaraiic\pEeavatrRg ‘géam?ﬁ‘ ug g co Qﬂfmlél& eélbﬁogvbé’fa AR MEBBE i ng
and ot her oaaké gyupd.ocesses i nvol ving the destruction of the in-situ and
enabling to [ t . surveys of Ll co ] ' : ' il ace
at a low cogésf ,%r}.lgéréeﬁﬁgld 81n1 J%I(\"IIYI?l ﬁg’ﬁftgﬁéi"f %acrr%_%gar?mg%dﬁlgl?t a%sé_gq{a Eé?g%#rg&%rgo‘?her
obj ect of actietips ebbasterimvadarpunnd shrovehraglrilisd kelnapd trides adwniageriithod of
cl eani ng YRsERBLARDELEYf SRkdmiARAYyahOba@bgRANi N up the same without
destroying the site of c]eanup and got sug%e t tﬁ%qalgfé restr ct%ons dye to
the envir onneHtvesss sHd PEioy arigfreqidedhe Gira ﬁ}fc"t fid O FALCT 114 %€ %Lan be
easi |y i nstatdredic éxcavgbets edaeatd, ad dxgr evhe pndr ke destgdysotheiorskucaen be
reduced tq,a | | evel .a Ph [ JD re of
the I nventPSIF Mg s}eelgaen%%‘éﬂ%%%%?bﬂ%“&%Uéoﬁﬁl%@?vbﬁ%ﬁ?%%%ﬁ%;?aef?t%g‘?sﬁéy
rel ates tonaitnovteddbe clasniyes duradcheendiefsel coitamination And shperesifien e st eps
of di sposifgng HERIRU & Pl kheatoddY idige GRaARRAT RByitdbLS e Whethet Bt osai d
openi ng mailﬁ face the ground surface, maintaining the inside space of said
pressure Bti2RABRad at a negative pressure and sanpling soil air in said
pressure bul kh@amh éae o uaMEY, siteher @htansiahidor rias sliffieuly bk hesdling late at

| east a double construction conpri,sing an autsigde pre g ) nd an

i nsi de pré8% ?@Sb‘gﬁel?h%’%?a?ntfhtg‘ersgg?a}tmgir tha #Oro(%% H‘lgn‘?%t%g ﬁaéq%'t% i grgmgpace

bet ween saioditiontisi dearpmedadrie thetdchobtheatertarmiaation plgroprdssaien ehomeritéad i s

di schar geci:oﬁ’fétnﬁhﬁt?or@trif oftbn td18eRRHE ahd MRe tdXBeuE RN o bfillidgabp kAL btk t he
n

i nsi de space wthi e 1 nside pressure_bul khead i.s sanpl ed ;cgansu%ra\{‘eey.

restricted due to the residential area or roads, and appropriate measures o
often prevented. And when it is found that the position of the well is not adequate after
the cleanup work has started, it is difficult and costly to change the position of the well.

The present invention was made based on the technological background mentioned
above and is designed to achieve the following objects.

It is the object of the present invention to provide a non-destructive survey method



And the present invention relates to a survey apparatus of soil air wherein
a pressure bul khead having an opening is disposed in such a way that said
opening may face the ground surface) the inside space of' said pressure

bul khead nmai ntai ned at a negative pressure and the soil air is sanpled

Wi thin said pressure bul khead for a survey, wherein said pressure bul khead
is at least of a double construction conprising an outside pressure

bul khead and an inside pressure bul khead, and a suction neans for

mai nt ai ni he _Qut si . sal S] p e. h and

t he insi dqu pgrogs %ﬁr tg%(éfﬁ(%gg%%g?% ;‘Mﬁgﬂg n%}dgé’%éa!éoga%i élﬁ?%géssailwﬁgggge
pressure bigbtcheling dthaimetipandenaplies tnaeryand shoreysivisol senfaminativa adeny air
that fl oweoq%tibﬂalfp@acfé RUUSK U6t SRATLa M RhSR 2B 8n BB IsQhe28fTP! I NG the

soil air that flowed in sald inside space. Said suction nmeans is |inked
with a sucti oAnpdies obiegiafdhe prrsent @veHos; igdo pravide s vosdaskivetive msthod ofi nk
hol _edl | NKidMGin§yl xga %ﬁﬂ%ﬁtiﬁﬁﬁl&:a‘#ﬂlﬁfﬁ@Ibﬁhih@f&b;iﬁg Sméiﬁriﬂhﬁ%f @ég_ﬁﬁgir@rth_sgi g :

i nsi de pressur ul khead. ai i ght ness nmi nt ai ni ng .nmenber pr.ovi.ded to
block 3 SR FRRTERAE 0T b0 Y GCTREOGHT LS 1 SEAr e at BLaienms of

sai d out sivdekpwiasby thebidaone datilitSaicdn &k radilyghstabed tramisfet:@drrndgrittelriven i s an
annul ar fl exi bl e I i i i a| | re

bul khead. aigwaPQPE?S%F%E§gbﬁ&%ﬁ?%?d?ﬁgﬂﬁgﬁﬁg¥gﬁééhbgﬁﬁﬁﬁaﬁﬁ@§%ﬁ§§§§ to be
buri ed und&eigibund. Said sanpling neans of soil air conprises sanpling

hol es respectively created in said outside pressure bul khead and i nsi de
pressure hul khead and_a sanpling tube inserted into said inside space

t hrough t HAgdosssepf thadnyeatied for sucking and sanpling soil air. In

addi tion, in THedRbscheiehtityes@ied toafIE6TeSsaid bigedds edetat td AneRdegfuctob at es

to a non-destructiv | eani ng up.nmethod of .contam nated soil, .compri.sing the
Steps of oY tihaleGr Bt g atee® of SRR £ Piett- oo dB Bk oP S on
targeted as ¢Heeirguin ech vody that weid, opanthgsuak facg the gravoAtsariaed maintanide
hermetic SRAGRidYsphbEoil #1%5‘51&98@1&@5&!? KRERLNY pRRbidke REEEBHbAnSRPALH AL A

t
negative pressure and sucking into sal d hernetic space contam nants such as
VOCs cont apsaid nrepsyzg bplkbead g f988% and sucki ng and di schar gi ng out si de
the suc kedbcomamilg@%ﬁ%r@éuman_ Eh@E isaf 4t lémfaidgﬁFlﬁﬁ&@é’cﬁiﬁﬂSp c&apdsihgriet i c
space nmay formed by djispqgsing the.pressure ayi ng..an jopening in
Shh a ey TSR PR pIKRR] S R ey ARERERT rie dol it SBhed
connecti orintoathmatm%def spachbaekemgaid roatsidefdlpssuoé bmlhbeagli andi the onside ﬂrepgurssur e
bul khead ;L%Xkﬂgdgé b erge%]?éé{?i‘é and! a‘l.th%QﬁlE'Qimé ﬂletéagsaicﬁﬁ%’ﬂgéaeﬁgﬁ%'tHQ may
be created aroun salcfi pening or sai d_opening nmay be bari ed un erground as
sai d meansn$ide sisice witihin thenaside pregenre outltheadjsrsanpled for ayeest i nvention al so

relates to aAgdefpupRsbMt KhemsborsQskel A6 4 bervey appaanaf ofC QUi ai¥ WRdreR §0i |
wherei n an g%eur)l nﬂghs created on the surfa hori zon target ed

‘ face of [the sail hot
as the sUBTERHTNIERARRAVIRE S RPIPE i SPRERE IPIREChA HY T AR PAERRE MBY gr ound
surface, dact theegrowmsd derfseacle insideetpaat ofasaid gedsswre iyilldssdmeaistrindvast ¥/CCs
and ot her n%g%‘ﬂeghﬂaggﬁl% E}?e' Qoquafrnisssghﬂ)leﬁpbvkthﬂl gai epsgr%géh(?%a& .qc?rr In,

and an air tig essS mal ntai ning nenber is provided to e i nflow of
the air orfurYed peri phery of said opening. Said air tightness maintaining

menber may be, kit idyre8aehAERR R ANBA AF 2 [db&BIb bbRtRRAY, eaRHQdiRE BY tO
t he shape of the ground _surface. Sajd air ti gfft neas mai nt ai ni ng nenber may

al so be forkEde pressre pulkhgadanday insylempesspes flheag, afeet expanding on the
peri phery of asaictio®pesansdor Hahtsiaing thk outdidphdpaes betwaem kit pubkdd dprcbarre may be

formed by a,fard oyl hadrigal, body, RYkhed Lk $A hetR! dpalOWiA 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



Brief Description of the Drawi ngs 4 Fig. 1 is a longitudinal sectional

vi ew showi ng the node of carrying out the survey nmethod of soil air and the
apparatus according to the present invention Fig. 2 is a |ongitudinal
sectional view showi ng the sanpling operation of soil air Fig. 3 is a

di agram showi ng the process of sanpling soil air and the pressure condition
within the pressure bulkhead Fig. 4 is a longitudinal sectional view

showi ng the node of carrying out the cleanup nethod according to the

present 'qylsqawggmﬁ aft dnfo the &Rgfduggg&aén B LA ot/ L RBONS pleaaNgt her

node of carr 8 ‘eanup net h ongl t sectional
vi ew shovmb’\@k}s%@ | Paidnat heﬂltmaew@ﬂtaerang ymew&eéu% atlr’?em@l?eaﬂm@l?répﬁb dtedg. 7

i's a | ongijhidingl, éﬁaﬁglo@@ed HitEMe %H‘%beﬁkﬂéa‘ﬂf Shicesir genak xﬁﬁhfa){hllﬂg out
t he pressure bul kﬁ

Fig. Is a’lon di nal |on wew(Q
anot her nmgagmbgr 1earcyl)w<h¢fabbﬂdntﬂée Bree ma lkaﬁéf%i mggme@% sgf A
| ongi t udi NRinpsieed bAMIngVhAYY SlapatiRely rédted aﬂ@etlaemgmdplegémeammeag a(m;l'é th]e
venti on e o0

pressure bul head. The de of .Carr
Carrying ot fnbeswrégaﬂlf A s 5 BRa e 11D SR Rgpe BrouB gt o
dr awi ngs. theg. sainplingwslea faranekiesandisdmpléngswilady apparatus of soil air

ool o 09 L0 hRESR IR ok BTLGARe WACLERALI S RERASRFbUbKRERG o b° OF 0

doubl e construcaf I'Si ng an outsl press an inside
pressure Mnkdee@cdct@vedplswgedun medthed ©of sprigminatpd soilt ompaisyree shausterputfkhead

2 and the {A8inge0REESE UEBnd Kaeadn3nRav@ratesPekd bUE hyriaRe tirB@sd Ahsaghd 5.
The out si de pressure bul khead 2 and the inside pressure bul khead 3 are

di sposed oiPieREIGHBIEHP S ur face G in such a way that the openings 4 and 5
may face the @em@chns uhrftaimed @ sé\iﬂch)é’rdielﬂl@s)éaceaby chi suodmnmamtis l:iebp\mgn t he
outside pre u and the inside ure.

i nsi de spaqélefg‘ellrﬂ%t’lmdép"icﬁeatl ﬁsrieégt%er BESHE Ipf{ B 8r‘°em(nglselblel% o Efce

her net i cal doytanonaetd soch 4h@0EGs curtaingd iif sedd s hdfhenmpelnl ng 4 of the out si de
pressure bul ﬁ%@ﬁqggna%mfch&ﬁg o\#télhlea@sgwedtaommsmswnmaag 0F 9Ga BRARET 9 to

bl ock the in air 1nto the outside space 7. This air tightness
mai nt ai ni MPPAEA¥BRr 9 is an annular flexible body fitted on the

ci rcunf er encesad hElhﬁetQQ@Bi:d"lﬂaﬂbe Tt d aprlidpaking ke pleb@irb Odikhiesd nadeg ah
rubber or a hjgh, nol i

adhering cIPSRREyY Su‘ﬁhé‘ ﬁ’ﬁ%\?@% ;s:f“%lué?]tt’%ﬁ}ég d’?a}PlﬁaZ gtihlgfj?lr&mslursfué gcttbon >
desi r abl e dohagctivhea opens foy biockbingtthe inflosi efehp pirgstorsaidbpresyurg Ibh&é}da@mmul d be
fitted w tkne }?ro§1jdgéi la%unﬁi daid B&Iﬁgr{ke I t%icgeéiamaggim be tRated around said

opening or said opening may be buried underground as said means for blocking the

inflow of the air.

The present invention also relates to 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 survey 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 air may be sucked therein, and

an air tightness maintaining member is provided to block the inflow of the air on
the periphery of said opening.

Said air tightness maintaining member may be formed by a deformable annular
flexible body conforming to the shape of the ground surface. Said air tightness
maintaining member may also be formed by a flexible body in the form of a sheet
expanding on the periphery of said opening. And said air tightness maintaining

member may be formed by a hard cylindrical body buried in said soil horizon.

Brief Description of the Drawings



And for the air tightness maintaining nmenber, a tubular body not shown may
be fitted into the openings 4 and 5 in place of an annul ar fl exi bl e body.
And it is possible to have its sealing function denonstrated by driving and
burying this tubular body to a suitable depth in the ground. A suction hole
11 is created on the outside pressure bul khead 2 and this suction hole 11
is linked with a suction neans 13 such as a vacuum punp through a suction
pi pe 12. A pressure gauge 14 is nounted on the suction pipe 12. The suction
means 13 is nt.r. gnal s
of the pr ess%?% 1 19 a lgn%ﬁﬁlr%l %rgc@ El?le\hg\{' @vﬁxg tbé%ln%@e 3 11 O{kﬁg? %Sllgl% -
such a wayndthed OftShTé apraels\§be ept(aﬂré@atarcvedlpg ée ﬁlfr@?sewt tfl’t’leﬁtltfhe pressure

bul khead 1 a@@g t2h§atlér{g?cugfnaf@écﬁpﬁ‘élmléWSWHg er%‘éﬁi;&hﬁg 65¢tahibn S@kileRL i onal | y.
A sanpling hole 16 is created also on the optsi pressure b | khead 2 and a

sanpl i ng pi p&ig-ot 1s8idiagipm ghavtpe FBeY PREEHNPY @ g’@r foLlyai . PEPRRUSC
sanpl i ng hehdtidSwithiharPRtdsaad bulkkdadsed by a pl ug 17 when sorl air is

sucked. A link hol.e 18 | nki the outsid ac the inside ace 8
is created o%ﬁ'h‘g 15 s °d‘§1tbﬁli<‘é‘§gﬁ?cémﬂgll K’r‘?gagh‘)ﬁgngrﬁ ?%(r‘j?k flh rEyige out e

concurrentcle)anﬁlemeelsada&cc&dﬁxgrrplthmgeh@itemahtmmlI air. As the inside space of
the outside FJ.J*resél'“’etlon 1t55'i%% Se%tlggg Jlm h%&g&@ﬂ%%ﬁ &%Lﬁpﬁl%d?u% th§

mai nt ai ned at heghtive pressure, er s at a pressure |ower

t he at rmsphenunnprtleslsure) they be m)st pref erably forned in a thin and
light r Oughl wlgmssd)ib%it&dﬁﬁﬁ&%uwﬂm%w Shéithk @tiB tanofHar dghde 1S baldyizls| dubg.
However , is possible to formtheminto a cylindrical shape or a square
or pol ygoﬁh? Clé‘glﬂll‘-lprt’&?‘ih@é’l shape. Then) the nmethod of sanpling soil air at
the in-situ lyg, wstrsragofsgaudmwrswnatppaﬁahmwa psefbiredinodwif dartyénglegahe bed
bel ow by referrin o.Figs. 1 - 3. The outside pressure bul khead 2 and the
i nsi de préjssslfr‘b“blat‘ hi8had 3 are di sposed on the ground surface G at the
in-situ in st &isvajorgitatinaheectipenli vigw showing @iothey meseeoftcAeyipeotidhsur f ace
G Wen a d ng neans 13 is operatedlnthls state, air

cont ai ned q@%s%tﬁﬁgﬂtglahé %d&el&dspace 7 and .t he inside spa qlzed each ot her

t hrough t he IBigkhiser inneitudigal sectippaladew sheying stif raé‘§ %et CAITYIHE Ptessure
bul khead 1nhebhaRges tulkiRalegative one. As a result, the out si de space 7 and
the inside space 8 are respectively filled with sorl air 20 and 21. At this
time, in spite of the presence of the air tightness nmaintaining nenber 9,

t he i nfl oWefBat Moddof Camyinheutihednmentibnof t he out si de pressure bul khead 2
into the outsyde m3BOGE chﬂytngJQ&V%g%?és% t 3batibe Hhlid BkcliB Bidhr Bgsur ©
(distribution of e ressure Al n the pressure bul khead 1 w il be
as shown byfertieg G@diéa‘ﬁlngsn igbdr slpos 41ﬁloat(#‘téﬁru%tYred%nV‘tyhép%Ptusa‘?f Sozloalt hat

flowed i ntafecarttﬁqgowtshleqﬁe@mqmehml bvhbtelmpreeglagymamuntma 1 isowfesl doubl23) and
such m xed air reduces the preci sign of aﬁ‘gf‘ errg corqllsﬂigl 1, étfr wil |
be di schargBY My ‘éfenpdif“t%é‘nsﬁ‘éttst SnPIERHE ¥ e Slhctton 1. On
the ot her Hulkitbad tispsseil lingidle tidreni The whiside messmhéztﬂlthle@drv@olandntl@@n@des not
mx flows into tg;%géhrésahdf Isap,gcga ? ct‘l\;glergﬁ ?tlix?gs &h@nds%zerhgf ohfdflel PldlEe
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The node of carrying out shown in Fig. ‘8 represents a case wherein a
flexible body in the formof a sheet 42 is provided as an air tightness
mai nt ai ni ng menber at thé top surface of the opening 34 in the pressure
bul khead 33. The flexible body in the formof a sheet 43 has an expansion
43 expandi ng on the outer circunference of the opening 34. The flexible
body in the formof a sheet 42 is nade of for exanple a soft rubber
material just as the annular flexible body 41 shown in Fig. 7. And in the
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(2) Since no atmospheric air flows into the inside space, and soil air not mixed or
disrupted by the inflow of the air can be sampled, it is possible to make sure that
contaminated soil would be surveyed.

(3) The inside pressure bulkhead with a diameter 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



1. A non-destructive survey nmethod of soil air conprising the steps of

di sposi ng a pressure bul khead havi ng an opening in such way that said
openi ng may face the ground surface, nmmintaining the inside space of said
pressure bul khead at a negative pressure and sanpling soil air in said
pressure bul khead for a survey, wherein said pressure bul khead is of at

| east a doubl e construction conprising an outside pressure bul khead and an
i nsi de pressure bul khead, the soil air that flowed into the outside space
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hernetic SRacA MRntdiea qiﬁ@ianaﬂa&ﬂrzfeg%d%‘heh*}ﬁsssahlouérpmezaﬁ Bﬁ g5t 861 3B t he
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k
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cont am nants neans sal SucC on ap ar a
manage the progress of any cleanup treatment Or an adsorption apparatus in which

activated charcoal 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 33 and the ground surface 35 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



9. The non-destructive cl eanup nmethod of contam nated soil according claim
8 wherein said hernmetic space is formed by disposing the pressure bul khead
havi ng an opening in such a way that said opening may face the ground
surface. 10. The non destructive cl eanup nethod of contam nated soi
according to claim9 wherein a neans for bl ocking the inflow of the air
into said pressure bul khead is provided around said opening. 11. The non
destructive cleanup nmethod of contam nated soil according to claim10
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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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cylindrical body 45 undelglound it is pOSS1ble 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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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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Ent r yWor dbc yheren-destrugtbmgeleynup metlio 815617 3@ comprising the steps of zoning
<:>?@\BCDE%QHE&KEW W%E%Xg[shlﬁce aPafeso horizon targeted as the subject of
cleanup, and
sucking the air contained in said hermetic space by the suction apparatus, keeping
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.
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