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Disσ ibutcd Acovs1ic SCnsiI)g (DAS) a rapid1y evo1ving

fibe∶ ōp1C b.· Lscd 1echnology fOr penn,tIlent in-、VeⅡ  and

geoPhysical mOni1orlng Was uscd1o rcCord VsP山 1a in

two field1冖 a1s in shclI as`e1s onshot Cdnuda and VsA

Useft l inˉ wcll vCloc"y dala wcr gathercd豇 gn1hC entire

le∏ g1h ofthe wcI11iom wellhead1o TD(up to4km)which

comp[1red well wi1h gc∞hone lecording ard sonic log data

、VaR-away VsP dd1a yicld imagcs that are neJrly
equivalcnt  tk,  i:llagcs  ,、 q∶η  cOn vcn1iondl  bOlehole

gcophones in tcms of signaI tO noisc ra1io and rcsolu1ion

Perma∏Cntly installcd fib(I-Optic in仔 as1nlc1ut、V"1enablc

1oW￡os1non-intrusivc gcophysiCal nlonitO「 ulg

IntKxluction

Di`⒍ ibu1cd Acovs‘ c scnsin.:(DAS)is a fap dly matvhn.吝

I bCr-optic  tcchnology  、vith  〗lu〗ηcr 刂s app"ca1ions  in

g∞ phys心创 st卩cnldn∝ and“ XVell nlon"oⅡ ng DAS
transfDΠ ns nCarly any nbcr勺 p1iC cable in1o a distributcd

u「ay of acous1iC sCnsOrs  oiicn ex,s1ing cables can bc

used To rccord data rcquir·s a speciaIis1Cohcrcnt op“ cal

l`me0om山 n Rcncct。 mt·tCr(C-0TDR)un"rcrt· r￡dt。 as

an 1nteⅡogator1Jnit or“ nJ’  、vhich is cOnnectcd to thc

cλ is1ing仿 bef oP1ic infIastructu￡   ThC cntlre cablc can焚

s1t】llpled at a r叔 c ofupl,20kHz This1∝ hnolOgy is bcing
developcd in a p ijlncfship be1wccn she"and optaScnse,a

sub“ dia,of QinCⅡ Q V K〈 MolcnJar ct J,201”

Fiber oPtiC cablcs  】ηay bC  instaned  in  vcrlical and

№吨 m1J boFhdcs wh心 h mdX be prm∝ cr hjeα t,「 σ
obscrva6on Wclls 1△ C dcpIoyllcn1o∫ muniple flbcfs in a

silgle cablC0rou“ nc und can a11r,x,DAs mcJsuremems
而 conjuncⅡ on with othe「 nbcr opⅡ c technl/JuCs such Ls

Di、 ributed Tuη pCram了 e sens"lg(DTS) Fibcr op1k Cables

uIc 「obu、 t and cun surviVc fo∶  ycdrs in u)e do、 vn-holC

cnViΓ Onnlcn1  Prcviously thc cos1 iilconVeniencc^and hsk

o1 、vc" interven1ion associatcd 、v"h Conventionul do、 vn-

hole geophoncs madc in-、 vcn gc。phy、 ical `urve"lancc

expensivc and oncn unfc∶ l∶

`ible  Pc]△
η ancnt1y iIlstalled

downⅡ ole ribcr。 p0c cables dre idcal for low￡ ost nOn-

in1ru`ive geophysica1 1nonitoⅡ ng   0Ilce the sys1C】 n is

in、 ta"cd, I)o ft nher in1crventiOn is 『equitd and 「ePca1

survcys only rcquire additiondl 、cism ic 、ou「cc Cff)r1s

oncn DAs。Ⅱers thc only viable a11c〗 ηu0Ⅴc

sbc"^s fils1 ncld1ria1 tif DAs ∫0I gcophysicul Iη oni1oⅡ ng

occuΠ cd in seP1embcr2(×)9 in 8tigh1 gas deVc1opIη cn1 in

Cunadd This ficld1rial provided proo1of conccpt ft,「 DAS
as a 1ool for rccording do、 vn llole seisllliC tom active

soures  AnJlys s of this and subscq刂 cnt d,itascts

"g"i吵
ted a number t,l"Ⅱnud.△ pu心 atons und「 csGarch

arc11s 、vhi△ h rC`u⒒ ed in t1ddi1ion al fic1d tri∶
"s, thmughou12010 Here wc discuss the resul1s or1wo ncw geophysoc1u

field1「 ials Cdσicd out"l asse1sin onshore Canada ind USA

which employed 1bc 2010 version 0pt亦 cnse DAS
In1CΠ ogdtof Unit

DAs Fltld Tflalat Qu§ ‘CCs PIoJeCt

ThC Que敌 Cdrbon Capture and S"uc“ raⅡon CCs)pf句 ec1

is in1endCd to capture vp to 1 2mln toncs tif C0=annua"y

flOln thc sco1∫ l∶)rd Vpgradef in AlbCr1⒋ Canada and dehveI

i1  Ⅴia  pipel△ le  1o  undergr und  s1orage  significantly

『cduCing tbe Ovefa" c丌 bon foo1print ofthe A1hubasCa0il

san凼 P「

"∝

1(Flgure l)The。 vcr创 l study OllJ∝ uve、 t。

tes11he tasib"ity of recordlng VsP ddta,ald DAs tu1a in

pdrucular,  11s  a  Mcasuremcnt Mon"ohng-VcⅡ nc△ ti。 n

(MMV)ttn。 1fknr the Que“ CCs Pr向 c̄t In the Que“ h㈢ d

thal ca〖 ricd out in scl,tclnbcr 2010^ scvcra! surveill1n ce

mcthOds were 1e ste吐  induding『epc"Zσo-0ffsct(zo)
VSP`1o mon"or C0=conlJinment,、Valkˉ Away(、VA)
VsP s1o1nck thc Co2in上 cnon plume and tube wave
mon“ oring or cdsing")tˉ grity1uld colη plvtion peΠncabih1y

Figurc1 Lcn Gc。 k、 gica1n1ap o1Albcri仓 (Canadu)indica"ng】 hc

Quc`CCs P,Ⅱ cc1Jca Right∶ Thc triang1cⅡ 、dicmcs1hc vcrucJ
wc",x hcrc1hc D^s cub1c and gcophonc`wcr dep oycd ω cco1d

"、

e VsP sur、 cys Thc douα ]"ne`indica1c、VA、V VsP、 ho1hnc`

Figu「 C I shoWsthe con1iguration of thc Z0-VsP、 and1he

、VAˉVsP` (do[td wh"e "ncs) The XX Aˉ VSP` wcrt
acquired along N-S and Eˉ 、V hnes Thc N-s hne 、as

eXtendcd 9kIn to tllc noⅡ h to 1es1 1he ∫0asibni1y °f

fcf「 ac Ⅱon℃ ismic il th“ uJca A singIe modelcad|n Cublc
wus run订 O1n thc wdlhCad to the DAS In1cⅡ ogdtor0nit

whiCh was ") tum connCctcd to a colnPu1Cr 10r data
ⅤisuaⅡ
'a1ion and `1ofuge  In additiOn to the Vibro`cis

conroneI 111is is the only cquiPnlCn1 that xl ds required 1o

complete the VsP dCqvoitiOn
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The pha、 eO11he I)Λ S rccortjing i`vc∫ y`⒈lble 1he凸 1、 1
ai、 a`arc`1R)nε  t0TD(2k】nⅡ and str(ug Ic】 1cch1诃^can
bc ob、 crvcd(F心 utc2) o、 cru"u、 czo D^s rcc(汀 d"lg is
Vcf!compaab e1Othc ZO gcoph(,i c rtt or山 nε

thc pickcd lⅡ 、taⅡ \ul1"ll e、 {Figu re2)wc o"aⅡ 、c uc"y
p「。ne` sh。 ,· n"l1hc bcⅡ 1c"n pancl o1Γ iε u1c2 Γhc DAs
、c1oc"cs (rcd) c0订 C`ρond “e" Ⅵ“h 1hc :cophOnc
Ⅴcloci1ic` (bluc) 1"ld 11c soniC log (grccn)  N("c 1hat1hc

gcopho∏ c、'ek)Ci1y pIof"c sho\v``()n1CC「 「oneou`dc、 i1"On

1u1)und  12(※ )nl  、vhich  s c(lu`ed hy 11、 c d、 con】
"lu"!bctwccn1hc1hl℃ c geophOnc Jmy`cuing、

IO quanⅡ 1-tllc lkk1yo∫ the DAs、 y、 1cn d“ gnd⒈ u⒈
no、 C「d1Ⅱ (SNRⅡ刂l"ysi``as pcr`)rn1cd on dle z0dj甘 0

10ur1hη e 认indo`s l)`ig1△ 1 `ha"o`∷ 2)IlOise`b〗
"o`∷

3)

`igndl dccp 4)noisc dCt p{`ec Figurc3) 
Γro ll1hi、 wc cun

ob、 c「 vc1hdl thc、 igna1Ⅱ l tllc DAS。 nd gcophonc d“ J、 e1`

arC CollpuR1ble 、vhcn ule 、pcctra ∶1i℃  noHu11hzed Forthe

εeOphones1hc noi`c∫ lo。 r s mo、1hkd〉 amhc∏ t iweⅡ
n1“ sc wlⅡ lc1bc nⅡ、c门 ooI h DAsi`hkcl、 k,吣

"lhcFn1o 1hc i∏ 、t「刂nlen1 tuld i` IOughl、  con`1an1 `i1h dcρ 1h The

DAS sign1n dctreases W"h dcp攵 h und n"l、 bc o、 1hc nO^e
l`x,r at `onlc poⅡ 1 A draWback 。∫ "le ge● phonc
acq uisi1i()ni、 1h"thcrc i、 un an1p“Idc dif心 tncc(∏ bo1h

`ignal and noi`c) bc1`ecn sha11O、
 and 1Iccp geophoBt

pklce"lcnts

葬:|∷ 目Ⅱ∶∷a∷ 1_

Ⅰ1guIc2 Top zo VsPrcc【 ΙdcJ u`ng● gcopho"c nnu|Ⅱ u75n)
′”c↑)g movcJ3h mc、 1oc(`、 Cr Cnirc X,c9`1dd c∶ Z0VsP
lcc【 rdcd V`ing】 hc I)Λ

`∶

ln uy( ()↑
"Ch(tj)I)cl`puc ng co、

cong1hc
cn"Ic wc") AGC hu`bccn apph￠ d|o bα h ZO ⅤsP IccuIUⅡ g、
Ihc rcd l、 c、 in(lc{lc t)C lil`t aIh、 111I)ck、 u、td|Ⅱr cJcu11 1g
、coc Ⅱ、 P onc、  B oR。 m{ C"npu△ m̌ 0 、c oc! 卩o巧 C`
ob1J"△ du、

"gD^s ZO VsP Icd)Gcop xmc/C)VsP‘
hhk∫ dnd

1、 C、 C oC"| 9ε  ⅡgIcc1

DΛS ha`c cjr jd、 dntdgcs。 、cr c()n、 em km∶ J gα phOnc`
xx h cn " c1)nlc、  k) dep(。 mcn1 Nα  only 、 DAs
pcfnlancnu. Ⅱ

`1a"cd 
′o no wcl "ltc「 vcn"on i、 lequ"cd

bu1 ID/`s rccord` 1hc cn1"c `c" 、i1h 11 、in!lc `h Ot `h ilc

gcophOnc 11cq1i`i1i()n oi1ci) 「cq11ircs nluJl")le 10。 l `et1"lg、

“hr∝ at QUC“ )to covC「 ulc cn"e dcFth nu)ge of u)c⒔ cl

```j rc、
uIt shot`ll ecd1O bc nIed illul1iplc1iinc`in (hc、 11111c

ρk1cc po1cn1k刂 Ily hnl 1"lg 111e continui1) ∶1I1d rcρ c△ 1db"ily

o 1hc d(11∶ 1

The1ct l,dcd DΛ S/gcopll(nc z0-VSP、 cun lx u℃ d1o
c\1ract vcl()c1● pro∫ lc、 tllon g thc、 ve" 、11ich cotld l、 clp10
n"m"or C0=con Ⅱ

"lment U`“
g thc dcri、 a1、 c"l dC“ h OI

9igu c3-Top GcoPhonc und D`s du u und thc、 i"do、
`u、
cu"亻

sNR 1】 nn y`` B1、 1】 (`n⒈ sculcd |icq ucncy`Pcc"a iΙ :c● Ph"n1
(bluc)1‘ n1 )^S|∫ cu∫ da1111"1hc inJica cd、 indo、

`

Thc Γ∝ (γ ded、VA-VSP du1a`c1`Conlρ li`ed 126k、 c s ut
15I)、 for1hc εcoph1)nc`(l、 v010oI`c11irlg`)〗 nd 177ch1nnc、

a( 1()lη  l0I DAs 1he in “j、 cJ cus、 cr nⅡ !R"cd
1esuhⅡlg in thc"aε c``hown"l Figut4Tbc DAs"llugc
i` ěfy conlp11r11blc “ith n1c lll11pe obtailcd hom thc

gcophOnc d∶ua A"houε h1he20()DΛ s Intc亻 ogu1Ol1Ⅱ
"ha、 d Jligllc「 noise nool 1hui) 1bc convc】 l1k)n1d gcopho∏ c

i(cording 1he`igna 1o noi、 c「 d10。 1 ule灬 lagc i`、 cy

`iΠ
l nIlr IlI1eI thc nl gra1i0n sii讠 cc nlo`1 of 1hc ilcohc1cn1

noi、 c h11、  hccn `t11ckcd out  Thc inlp11c1 of1his rc`11" i、

dralna1c 、ii)cc i1 `ho`` 1h11】 DAS technok)[、 △(11 \ield j

u`clul VsP rt`u" desp"e tl、 c r∶ rt th" th¤ c^“ m

`ign"icdnt sc。
pe k)r funher Ⅱt1pivvcnlcn1 in 1hc DAs

op(ocIcc1fonic、 1uld1、 bcr-op1cc11blc desigl
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jt on` of t、 vo
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"lg hl add“
on j

`cro on`e1(zo,and`ak-awdy VsP wcrcIcc()rded h11n
ob、 c「、ut k)n wc"`hich Wc`dI nru、 on llcle

llle DAS da1d wcrc、 amp ed" 10k"'、
"h a spa“

a

t`o uoon of10nl 、Vi1h山 c cablc cλ tcn(hng do、 n to u

dePtl oI ncarly 140001t(4klll) tl∶ i、 inafk、 sheⅡ 、(iccpc`1

dcp1Oyllent ol a D`、 s c1tble 1o da1c   I() ensure ul(l1

u△ ccpt=1blc 、ignul lc、 cl` “crc Ol)11tined 11 `ourcc cncIgy

Pcnc1rklt on1cq`1Ls Iicrn)Inlcd111thc/c rt⒈ d`Ct poiil1{、 ce

「igule 5)  T`() and k)ur `ynchfonizcd VibIo`ci` t∶ uck`

WC∶ C CIllploycd 、、Ⅱ1ht``)、 ibc` 111c】 1r、 11tn i、 111signdl从 11、

n1)1ob`cncd in tllc dccpe`1sect on oI1hc、 cl  】Io`c vcr

、、i111 1hc "1c「 c∶ 1`C 1o 1′ )1i 、ibc`1hc `iEIltll bC△ 0nlc` 、i`iblC

ll、 c sign1111o noi`cr11Ⅱ o i`")ucl)iinpR)Ⅴ cd 11net `111ck"lg

16  i)d、 idu a1 、、Ⅱecp`   、Vhcn 32 ``ccp、  ∶lrc iilClu dcd
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Figu t5-D^s rcco,d ng、 。f'CI、 -o】
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we" IⅡ
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I△1 `pacing) ``)uld huvc rcquired rcˉ po`i1ion"lg lnultiplc

1inlc` Fvcil thi`⒒ ou|d no1 h11vc bccn =klcx4ua1c111PiI)ed111c
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