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1. Executive Summary 
Caroline-1 was a CO2 producing well that was in operation from 1967 until 2018, when it was 
successfully plugged and abandoned.  

During this time, no major servicing was completed on the well and none of the production tubing 
or casing was replaced. Given this, and the logged condition of the tubing and casing, selected joints 
from depths of interest were put aside for potential further analysis. 

In total, 50 joints of 2-3/8” Tubing and 18 joints of 5-1/2” Casing were retained from Caroline-1. 
These samples were transported to Adelaide, cut into small pieces and palletised, and stored on 
site at TAFE SA Tonsley Campus. 

The following report describes the process and delves into the reasons of interest that led to 
retaining each joint of casing and tubing. The log data corresponding to each joint can be found in 
the Appendices below. 

The tubing and casing is available for industry inspection, on site at TAFE SA Tonsley Campus. 
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2. Introduction 
Caroline-1 was spudded by Alliance Oil Development Australia N.L. in September 1966 and reached 
a total depth of 3371m in January 1967. The well was completed in February 1967 as a CO2 
producer. 

In September 2018, Caroline-1 well was decommissioned, after Air Liquide Australia (ALA) had 
contracted Wellsafe to manage the operation. The decommissioning activities were completed on 
22 September 2018, without any major incidents occurring. 

Analysis of the Multi-Finger Calliper (MFC) and Magnetic Thickness Detector (MTD) logs run prior 
to well decommissioning showed the condition of the casing and tubing after the well had produced 
CO2 for around 50 years at the time, and no recompletion programs had been run over that time. 

As such the Department for Energy and Mining (DEM), in co-operation with Wellsafe and Air 
Liquide, selected certain zones of interest in the tubing and casing joints to store for industry to use 
for further study. These joints were put aside on site at Caroline-1 and sent to Adelaide upon 
completion of decommissioning operations. 

3. Well Information 
The following section provides the well information available at the time of decommissioning. 

Well Description 
The Caroline-1 well was drilled by ODE Rig No.1 and completed as a Carbon Dioxide Producer. 
Operations at the Caroline-1 Well were conducted in accordance with the requirements of the 
South Australian Petroleum Act 1940 which has now been replaced with the South Australian 
Petroleum and Geothermal Energy Act 2000. 

The Caroline-1 well was spudded by Alliance Oil Development Australia N.L. in September 1966 and 
reached a total depth of 3371m in January 1967. The well was completed in February 1967 as a CO2 
producer. The deepest formation penetrated was the Eumeralla Formation of the Otway Group. 
After a series of drill stem tests, the well was completed in two upper units of the Otway Group. 
The Waarre Formation, and a transition unit between the Waarre and Eumeralla Formations. 
Production from the well since February 1968 had shown that the clear majority of the CO2 had 
come from two small perforated intervals in the Waarre Formation. 

The well was a single completion, producing through a 2-3/8” tubing string with a packer set in the 
5-1/2” production casing at 2475m. The total depth of the well was 3371m and was plugged back 
to 2865m prior to running production casing. A diesel cap was placed in the annulus between 
production casing and tubing, and above drilling mud. This was evidenced during decommissioning 
operations whereby drilling mud had coated the production tubing and well logging operations had 
identified a hang up at approximately 500m depth. The diesel levels in the annulus were monitored 
over the course of well life as part of ongoing integrity monitoring activities, and the levels were 
reported to be unchanged during the productive life of the well. 

Apart from intermittent production during 1968, the well had produced CO2 almost continuously 
at an average rate of 1.25million SCFPD (65t per day). The maximum continuous rate was 
approximately 1.9million SCFPD (100t per day). The estimated production in 2014 was 6,950t 
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compared to 7,737t produced in 2013. The reduction in production output was due to depletion of 
the resource and the well was ultimately shut-in in January 2017, and decommissioned in 
September 2018. 

Well Data 

3.1.1 Basic Well Data 
Table 1: Caroline-1 Well Data Card 

General Data 
Permit Holder Air Liquide (as at August 2019) 
Well Name Caroline 1 
Well Type Onshore Carbon Dioxide Well 
Permit PPL 21 
Drilling Contractor/Rig ODE # 1 
Well drilled September 1966 to February 1967 
TD original 3,371mKB  (11,061ft) 
Location, Depths and Reference System 
Surface Location (Lat, Long) 37 ° 56 ' 30" S, 140 ° 54 ' 30" E 
Surface Location (Grid) 677379.42mE; 5728374.14mN 
Grid Reference UTM Zone 54S Australian Datum 1984 

Surface casing 13-3/8” H40 48ppf BTC 225.5mKB MD (740ft) 

Intermediate Casing 9 -5/8” J55 36ppf  959.5mKB MD (3,148ft) 

Production Casing 5-1/2” N80/J55 17ppf LTC/STC 2,860mKB MD (9,385.4ft) 
Tubing (existing) 2-3/8” J55 4.7ppf  2,455mKB MD (8,055ft) 

Perforations  
 

8,204 – 8,210ft (6ft)  
8,214 – 8,230ft (16ft) 

8,820 – 8,830ft (10ft)  
8,870 – 8,880ft (10ft) 

Tubing Head adaptor / Xmas Tree 7-1/16” 3M x 3-1/8” 3M /   3-1/8” 3M m/vs x 2-1/16” 3/5M w/v 
Reservoir Details 
Pressure  Current SITHP ~ 800psi PC and IC Annuli zero psi 
Temperature Normal Geothermal gradient  

3.1.2 Hole Design 
Table 2: Caroline-1 Hole Design 

Size Top Depth (ft) Bottom Depth (ft) 
22” 16 165 
18” 165 510 

17-1/2” 510 761 
12-1/4” 761 3150 
8-3/8” 3150 11061 
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3.1.3 Casing and Cementing 
Table 3: Caroline-1 Casing 

Casing Size Grade Weight 
(lb/ft) 

Coupling Collapse PSI Burst PSI Drift ID (API) Coupling OD (“) 

13-3/8”  H40  48  BTC  740  1730  12.559”  14.375 

9-5/8”  J55  36  TBC 2020  3520  8.675”  10.62 

5-1/2”  N80  17  LTC  6290  7740  4.767”  6.050 

5-1/2”  J55  17  STC / LTC  4910  5320  4.767”  6.050 

Table 4: Caroline-1 Cementing 

 

Outer Casing  Inner Casing  Annular Capacity  Cement Logs 
13-3/8” 48lb/ft  9-5/8” 36lb/ft  0.06706bbl/ft  CBL dated 1 December 1966 

9-5/8” 36lb/ft  5-1/2” 17lb/ft  0.04793bbl/ft  CBL dated 20 September 2018 

5-1/2” 17lb/ft  2-3/8” 4.6lb/ft  0.01777bbl/ft  CBL dated 14 February 1967 
CBL dated 29 March 2001 
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3.1.4 Stratigraphy 

Figure 1: Caroline-1 Stratigraphy 

 

4. Well Diagrams 
4.1.1 Well Status at Time of Decommissioning 

Caroline 1 was shut-in with SITHP of ~800psi.  
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4.1.2 Downhole Diagrams Prior to Decommissioning 

Figure 3: Caroline-1 Downhole Diagram 
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Figure 4: Caroline-1 Downhole Diagram Inset 
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5. Well Location 
The Air Liquide Caroline-1 CO2

 well is located in PPL 21 in the Otway Basin at 640 Carba Road, 
Caroline, South Australia, 22km South East of Mount Gambier. 

Figure 5: Caroline-1 Well Location 
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6. Well Logs 
The following section provides the well log information available at the time of the 
decommissioning. 

6.1.1 Reservoir Temperature Data 

Figure 2: Caroline-1 Reservoir Temperature Data 

6.1.2 Corrosion logs – MTD/ MFC 

MFC identified some high penetration rates intervals in the 2-3/8” tubing with the highest 
penetration rates up to 41.1%. These high penetrated intervals corresponding to pitting damage 
depths. 

MTD tool did not detect severe damage at the corresponding pitting damage depths, most likely 
due to circumferentially average nature of electromagnetic response signal and thus reduced 
directivity of wall loss estimation.  

No severe localized damages can be revealed in 2-3/8” tubing, according to MFC. 

2-3/8” tubing corrosion evaluation from MTD shows wall loss mostly less than 12% and some joints 
with wall loss up to 17.1%. No severe localized damages in 2-3/8” tubing according to MTD.  

With respect to corrosive damage, indication of damage is recorded in most of the 2-3/8” tubing 
joints in the forms of isolated pits, scattered pits, areas of corrosion and roughness of the casing 
I.D.  
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The tubing was also analysed for any possible mechanical damage, such as deformations. No tubing 
deformations were evident in the recordings.  

5-1⁄2” casing corrosion evaluation from MTD shows wall loss mostly less than 12% and some joints 
with wall loss up to 14.8%. No severe localized damages in 5-1⁄2” casing according to MTD.  

The temperature log mostly tends to follow normal geothermal gradient and did not show any 
significant changes within the logged interval. 

7. Selection, Cutting and Storage Process 
The MTD and MFC logs run on Caroline-1 in 2015 were analysed and particular areas of interest 
were identified. These areas of interest were used with estimated depths of tubing and casing to 
determine which joints would correlate to these areas. This correlation process can be seen in 
Appendix A (tubing) and Appendix B (casing), and shows estimations of what condition each 
section of each joint is in. 

All joints of tubing and casing that were pulled from the well during the decommissioning 
operations were marked sequentially. After the process was complete the rig crew identified the 
joints that were required by DEM. These joint numbers and the reasoning each joint was selected 
can be found in Section 6.1 and Section 6.2 below, along with other critical information about 
them. 

The joints were transported from Caroline-1 to Tonsley TAFE, Adelaide, where they are currently 
stored. In order to safely and easily store the tubing and casing, each joint was cut into smaller 
sections and palletised. The pallet each joint is stacked on can be found in Section 6.1 and Section 
6.2 below. 

Each length of 2-3/8” tubing was cut into two sections, in order to: fit them on the pallets, not be 
too long for transporting, and reduce the weight to a more manageable amount. This was done 
onsite at Tonsley TAFE, using a 9” drop saw. This ensured the tubing integrity was not impacted 
and areas of interest were maintained in largely undisturbed condition. 

As the 5-1/2” casing was much larger and heavier, each joint was cut into 4 sections. This once 
again ensured the sections would: fit on the pallets, not be too long for transporting and reduce 
the weight to a more reasonable amount. 

Given the greater thickness and material strength, a contractor was called into Tonsley TAFE to 
cut the casing. This process involved using an oxy-fuel cutter to get through the casing with a 
flame.  

Markings were made prior to the contractor’s arrival, positioning the cuts at equal lengths where 
possible. However, in order to ensure any area of particular interest was conserved, a 1m buffer 
zone was left around that point. This created some small differences in section length. 

The contractor then drilled a small hole along the cut line to use as a pilot hole, took the oxy flame 
to the hole and cut around the perimeter of the casing. This process created clean cuts, which 
removed less casing than the width of the drill bit. The heat from the flame impacted on the 
casing either side of the cut, however this impact is considered negligible. As can be seen in 
Figures 6 and 7 below, the heat from the flame affected at most 2cm either side of the cut and 
thus left the casing in good condition for further analysis. 
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All pallets are now stored and can be viewed on request at Tonsley TAFE, Adelaide. 

 Figure 6: Caroline-1 5-1/2” Casing Cut with Oxy Cutter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Caroline-1 5-1/2” Casing Cut with Oxy Cutter 
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7.1.1 Palletised 2-3/8” Tubing 

 

Table 5: 2-3/8” Tubing Data 
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Table 6: Pallet Catalogue for 2-3/8” Tubing Stored at Tonsley TAFE 
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7.1.2 Palletised 5-1/2" Casing 
Table 7: 5-1/2” Casing Data 
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Table 8: Pallet Catalogue for 5-1/2” Casing Stored at Tonsley TAFE 
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8. Appendices 
Appendix A – 2-3/8” Tubing MFC and MTD Logs 
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Appendix B – 5-1/2” Casing MTD Log 
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