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P res entation 
O utline

Importanc e of c ontinuous  life c yc le monitoring 
for well integrity and injec tion s urveillanc e of a 
C O 2 s torage well 

F iber-optic  dis tributed temperature s ens ing 
(DT S )

F iber-optic  dis tributed ac ous tic  s ens ing (DAS ) 
and DAS -Vertic al S eis mic  P rofile

S ummary/C omments
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R E F : As hry, Is lam et al, “A R eview of Dis tributed F iber-optic  S ens ing in the O il and G as  Indus try”, 
J ournal of L ightwave T ec hnology, 20 21



Importanc e of  
Monitoring of  
W ell Integrity 
and Injec tion 
S urveillanc e of  
C O 2 S torage 
W ells

S afe and s ecure geologic  s torage of C O 2
requires  continuous  life cyc le monitoring 
of well integrity and s urveillance of the 
injected C O 2

F iber-optic  s ens ing s ys tems  – Dis tributed 
T emperature S ens ing (DT S ), Dis tributed 
Acous tic  S ens ing (DAS ), Dis tributed 
V ibration S ens ing (DV S ), Dis tributed S train 
S ens ing (DS S ), Dis tributed P res s ure 
S ens ing (DP S ), Dis tributed C hemical 
S ens ing (DC S )

F iber-optic  methods  for monitoring and 
injection s urveillance of C O 2 s torage wells  
(DT S , DAS  and V ertical S eis mic  P rofile –
V S P ) are dis cus s ed 
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R E F : As hry Is lam et al, J ournal of
L ightwave T ec hnology, 20 21



F iber-optic  
Dis tributed 
T emperature 
S ens ing (DT S )

DT S  O verview
• DT S  s ys tem bas ed on s pontaneous  R aman 

s c attered s ignals  and O ptic al T ime Domain 
R eflec tometry (O T DR ) and c ons is ts  of a 
DT S  box and a fiber deployed in well 

• T emperature at any point of the fiber is  a 
func tion of the intens ity ratio of R aman 
s tokes  (bac ks c attered light with higher 
wavelength) and R aman anti-s tokes  
(bac ks c attered light with lower wavelength)

• T wo types  of fiber modes : (1) S ingle-mode 
(generally us ed for DAS ) and (2) Multimode 
(generally us ed for DT S ) with higher 
attenuation than s ingle-mode
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F iber-optic  
Dis tributed 
A c ous tic  
S ens ing (DA S )

DA S  O verview

• DAS  bas ed on digital optic al detec tion of 
elas tic  R ayleigh bac ks c attered light due to 
variations  of refrac tive index along a fiber. 
Makes  us e of traditional optic al time domain 
reflec tometry (O T DR ) (with a las er s ourc e) to 
detec t s eis mic  waves  along entire length of 
fiber

• iDAS rec ords  the full wavefield amplitude, 
frequenc y and phas e throughout the length of 
the fiber. iDAS c an obtain meas urements  
equally well with both s ingle-mode (S M) and 
multi-mode (MM) fiber

• B oth DT S  and DAS  meas urements  c an be 
made in a s ingle well (us ing two fiber optic  
c ables ) to obtain temperature as  well as  
s eis mic  wave data
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C O 2 S torage 
A pplic ations  of  
DT S / DA S / V S P

• DT S  A pplic ations : - (1) Detec t near wellbore leakage, 
(2) evaluate c as ing and c ement integrity, (3 ) monitor 
temp and C O 2 flow within injec tion zones  (warm-
bac ks ), (4 ) C O 2 leakage to overburden, and (5) 
loc ation of thermal anomalies

• DA S  A pplic ations : - (1) s eis mic  monitoring, (2) 
hydraulic  frac turing monitoring, (4 ) flow 
monitoring/injec tion profile, (5) well 
integrity/c as ing/tubing leaks

• DA S -V S P s  – T ime-laps e s eis mic  s urveys  obtained 
with dis tributed ac ous tic  s ens ing fiber (DAS -VS P s ) to 
monitor C O 2 plume/res ervoir fluids  and C O 2 
c onformanc e and c ontainment within the s torage 
res ervoir
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DA S -V S P  S urvey
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R E F : As hry, Is lam et al, J ournal
of L ightwave T ec hnology, 20 21
(E xample – C O 2 S torage P roject)



F iber 
deployment

P ermanent ins ta llation – fiber optic  enc as ed in ¼” O D c ontrol line and 
s trapped/c emented to outs ide of c as ing or tubing during initial 
c ompletion

C arbon rods  – fiber optic  enc as ed in 5/8 ” O D c arbon fiber rod and rod 
is  s nubbed into the well

F iber in c oil tubing – fiber is  pre-deployed into 1.57” c oil tubing

W ireline (E -line or s lic k line)  retrievable f iber with pres s ure c ontrol 
equipment

P ump-down dis s olvable s ingle-us e bare fiber 
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Multiz onal Intelligent C ompletion 

R E F : DO E _A DM-S c hlumberger
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E x ample – C O 2 S torage W ell S c hematic  with DT S / DA S  “P art I: F ield-B as ed O bs ervations  
for C O 2 G eologic al S torage from 6  Y ears  of C O 2 Injec tion at Aquis tore”, W ebinar R . C halaturnyk, April 14 , 20 21
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Dis tributed F iber-O ptic  
S ens ing C ompanies  – A s hry, 
Is lam et a l, J ournal of  L ightwave
T ec hnology, 20 21



S ummary – F iber O ptic  (DT S / DA S ) Monitoring of  
C O 2 S torage W ells

• F iber optic  s ens ing and its  applic ations  (DT S /DAS /VS P ) have revolutionized the energy 
indus try - allows  c ontinuous , real-time meas urements  along the entire length of a fiber-optic  
s trand with multiple options  for fiber deployment

• DT S  monitoring applic ations :(1) near wellbore leakage, (2) evaluate c as ing and c ement integrity, 
(3) temperature and C O 2 flow within injec tion zone/ injec tion profile and C O 2 leakage to 
overburden, (4 ) loc ation of thermal anomalies

• T ime-laps e s eis mic  s urveys  with DAS -VS P s  (in lieu of c onventional wellbore geophones ) c an 
provide a better unders tanding of C O 2 plume growth and c ontainment within the s torage 
res ervoir

• B oth DT S  and DAS  c an be run in a s ingle well (us ing two fiber optic  c ables ) to obtain temp as  
well as  s eis mic  wave and s train data
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