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1. Introduction 

This report discusses the decommissioning of the damaged and leaking artesian Mulka Bore, and the drilling and 

construction of its replacement on the Mulka pastoral lease. Both wells produce water from the Algebuckina 

Sandstone and Cadna-owie Formation aquifers of the Great Artesian Basin (Smerdon et al., 2012; Keppel et al., 

2013). 

The original Mulka Bore was drilled in 1907 and has been rehabilitated several times. Recently the 80 mm 

diameter fibreglass casing which had been used to reline the well disintegrated at the surface resulting in the 

headworks breaking off. The well flowed uncontrolled for some time before being temporarily repaired. 

The replacement well (Mulka Bore No. 2) was successfully drilled adjacent to the original well in April 2016, 

targeting the Algebuckina Sandstone aquifer. The original well was perforated adjacent the confining beds and 

was successfully decommissioned by cementing the well and annulus in several stages. 
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Figure 1. Location of Mulka Bore and Mulka Bore No. 2 
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2. Construction of Mulka Bore No. 2 

2.1. Background 

Mulka Bore No. 2 (Unit number 6641-15) was drilled to replace the original Mulka Bore (Unit number 6641-6). 

Mulka Bore No. 2 was designed in accordance with the Minimum Construction Requirements for Water Bores in 

Australia (NUDLC, 2012). It contains three strings of casing to ensure proper control of the water being produced 

from the artesian aquifer. 

All three strings of casing were to be cemented from the shoe to ground level. The well was completed with an 

143 mm open hole production zone in the Algebuckina Sandstone.  

The well construction diagram is given in Figure 2. 

2.2. Well drilling and construction 

The drilling contractor, Silver City Drilling (Alice Springs, Northern Territory), used a Schramm T130XD Rotadrill 

carrier-mounted drill rig (54 tonne GVM) (Figure 3) with a semi-automated rod handling system (Figure 4).  

The hole was drilled using the rotary mud method, with several settling pits excavated on site for the mud 

circulation system. Tulsa TT-560 mud pumps were used. The mud consisted of the viscosifiers LIQUI-POL and 

XAN-BORE, potassium chloride for clay inhibition and weighting, and barites for weighting. 

Casing was manufactured by Yantai Baosteel Pipe Co., Ltd to the American Petroleum Institute (API) 5CT 

specification’s K-55 grade, which is a standard carbon steel grade used in the petroleum industry (Figure 5). 

Three strings of steel casing were used (Table 1): 

 Conductor casing – buttress threaded steel casing, 326.9 mm ID, wall thickness 10.95 mm. 

 Artesian control casing – buttress threaded steel casing, 225.1 mm ID, wall thickness 9.65 mm. 

 Production casing – buttress threaded steel casing, 161.7 mm ID, wall thickness 8.05 mm. Casing lengths 

were joined with an externally fitting threaded coupling with an outside diameter of 194.46 mm. 

Table 1. Casing design of Mulka Bore No. 2 

Drillhole 

size 

(mm) 

Casing 

string 

Casing 

I.D. 

(mm) 

Casing 

thick-

ness 

(mm) 

Casing 

O.D. 

(mm) 

Joints O.D. at 

joint 

(mm) 

Clearanc

e from 

drillhole 

to casing 

(mm) 

Clearance between casing 

strings (mm) 

444.50 Conductor 326.90 10.95 348.80 Welded 348.80 47.85 Conductor to 

artesian control 

41.25 

312.13 Artesian 

control 

225.10 9.65 244.40 Welded 244.40 33.87 Artesian control to 

production 

15.32 

222.95 Production 161.70 8.05 177.80 Threaded 

external 

coupling 

194.46 14.25   
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The well was drilled and constructed according to the following steps: 

 A 444.5 mm polycrystalline diamond cutter (PDC) bit was used to drill to 12 m. 

 The conductor casing string was set at 12 m and cemented by tremie line (see details below). 

 A 312.13 mm PDC bit was used to drill to 106.07 m. 

 The artesian control casing string was set at 104.07 m: 

o Steel 6-wing bowspring centralizers were installed every 12 m (Figure 6). 

o A drillable casing shoe with non-return valve was used. 

o The artesian control casing was pressure cemented by displacement through the shoe (see details 

below). 

 A 222.95 mm PDC bit was used to drill to 1083 m. 

 The production casing string was set at 1081.83 m: 

o Steel 4-wing bowspring centralizers were installed every 12 m (Figure 6). 

o A drillable casing shoe with non-return valve was used. 

o The production casing was pressure cemented by displacement through the shoe. Returns were 

not achieved and a top-up was attempted with a tremie line (see details below). 

 The hole was mudded again and a 143.325 mm PDC bit was used to drill to 1112 m. 

 After geophysical logging, drill rods were run to 630 m and then 850 m to displace drilling mud with water 

and artesian flow developed over 24 hours. 

 The headworks were completed and the landowner’s reticulation system from the original well was 

connected to the new well. 

Appendix A contains further details of: 

 The Drillers Well Construction Schedule 8 report. 

 Details of the mud program and ingredients. 

 Details of the drill bits used. 

2.3. Cementing 

The conductor casing was cemented using a tremie line, 46 x 20 kg bags of cement and 633 L of water. It was then 

topped up with 20 L of cement slurry. 

On 11 April 2016 the artesian control casing was pressure cemented by displacement through the casing shoe by 

Silver City Drilling.  

 4387 L of 1.66 S.G. grout mix was pumped comprising:  

o 225 x 20 kg bags of cement. 

o 2955 L cool water from Mulka Bore. 

 The mix was displaced through the shoe. 

 Returns were observed. 
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 The well was left undisturbed for 24 hours to allow the grout to set. 

 The Silver City Drilling report is attached in Appendix B. 

On 17 April 2016 the production casing was pressure cemented by displacement with water through the casing 

shoe, by the contractor Wellpro (Roma, Queensland): 

 1590 L of water was pumped as a preflush spacer. 

 26,235 L (calculated to exceed the nominal annular volume by 60%) of 1.69 S.G. grout mix was pumped 

over 1 hour comprising: 

o 26866 kg Class A cement. 

o 17731 L water (from Pandi Pandi Bore). 

o 4% Bentonite. 

o 0.82% Retarder FR-3. 

o 0.275% Dispersant NC-S-1. 

o 0.2% Defoamer 7011D. 

 23,373 L of water was pumped to displace the grout through the casing shoe. 

 Returns were not observed. 

 The well was left undisturbed to allow the grout to set. 

 The Wellpro report is attached in Appendix B. 

Interpretation of cement bond logs run at setting times of 16 and 33 hours indicated the top of cement was at 

188 m. 
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Figure 2. Construction of Mulka Bore No. 2 
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Figure 3. Drilling rig used at Mulka Bore No. 2 

 

Figure 4. Rod loading, blooey line and mud system used for Mulka Bore No. 2 
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Figure 5. Tags from artesian control and production casing 

     

Figure 6. Centralizers used for artesian control casing (left) and production casing (right) 
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2.4. Geophysical logging 

Downhole geophysical logs were run on four occasions: 

1. On 16 April 2016 the open hole was logged with a caliper and temperature probe. The logging 

equipment then failed due to an electrical fault. After repeated attempts at running further surveys to 

determine exact lithological boundaries, logging was abandoned after continued electrical problems. 

2. On 18 April 2016 the production casing was logged with a cement bond probe 16 hours after the 

cementing operation. The grout mix samples were not set at this stage, but the log was run to 

determine the extent to which sample setting affected the log interpretation. 

3. On 19 April 2016 the production casing was logged again with a cement bond probe, 33 hours after 

cementing and after the grout mix samples had set, which indicated the top of cement was at 188 m 

(Figure 7). 

4. On 21 April 2016, after drilling the production zone and 21 hours after the tremie top-up cement job on 

the production casing, two more runs were undertaken:  

 The production zone was logged with a caliper and temperature probe (1000-1112 m). 

 The top section of the production casing that was cemented by tremie line was logged with a cement 

bond probe (0-300 m). 

All geophysical logs are shown in full in Appendix C. 

 

Figure 7. Initial cement bond log results from 19 April 2016, which was 33 hrs Waiting On Cement 

(WOC). The top of cement was picked at 188 m based on coincident drops in AMP3FT, AMP5FT, and radial 

SECT receiver amplitudes. The regular drops in amplitude at 168, 178.5, 189.5, and 200 m are casing joints. 
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A tremie top-up cement job was then conducted by Silver City Drilling: 

 A tremie line was run into the annulus to the maximum possible depth between the artesian control and 

production casing strings to 67 m. 

 2745 L of 1.65 S.G. grout was pumped through the tremie line. 

 On 21 April a cement bond log was run from 0–300 m which confirmed the bottom of the tremie cement 

was at 67 m (Figure 8), and again confirmed the top of the displacement cement job was at 187 m.  

 The Silver City Drilling report is attached in Appendix B. 

Results: 

 Calculations indicate that the freshwater pre-flush fluid should be in the annulus from 67–187 m. 

 The interval from 67–187 m is not likely to be cemented: 

o This presents a risk to the long-term integrity of the production casing.  

o The risk is likely to be higher from 104 to 187 m, as this is below the artesian control casing shoe 

and formation water in this interval is in contact with the production casing.  

o In the short term the risk is minor due to the presence of pre-flush fluid (fresh water) in this 

annular space. 

 

Figure 8. Initial tremie cement bond log results from 21 April 2016. The bottom of the tremie line 

cement job was picked at 67 m based on coincident rises in the AMP3FT, AMP5FT, and maximum radial 

(SECT) receiver amplitudes. The regular drops in amplitude at 168, 178.5, 189.5, and 200 m are casing 

joints. 
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2.5. Lithological logging 

Cuttings were collected for lithological examination across the entire drilled depth. A sieve was used to catch 

cuttings and the samples described on site by a DEWNR hydrogeologist. A summary log is shown in Table 2, with 

more detailed descriptions given in Appendix D. 

A tentative interpretation of the stratigraphy is shown in Table 2. The interface between Bulldog Shale and Cadna-

owie Formation is unclear due to the absence of a natural gamma log. The interface between the Cadna-owie 

Formation and Algebuckina Sandstone was picked at 1059 m based on the increase in angular quartz sand in 

cuttings and a change in penetration rate at that depth. The bottom of the Algebuckina Sandstone was not 

reached before drilling ceased at 1112 m. 

Table 2. Summary lithological log for Mulka Bore No. 2 

Sample depth 

(m) 
Description 

 Tentative stratigraphic 

interpretation 

  

0 12 Top soil   

12 36 White to grey sticky clay with fine sand/sandstone   

36 266 Grey/green clayey shale, sandy, traces of lignite   

266 401 Grey shale, very soft, with fine quartz sand, interbedded 

with calcareous and carbonaceous shale 

  

401 986 Grey shale interbedded with calcrete and lignite  Bulldog Shale 

986 1014 Shale interbedded with fine sandstone   

1014 1059 Quartz sandstone with gray clay  Cadna-owie Formation 

1059 1071 Coarse quartz sand with gray clay  

Algebuckina Sandstone 1071 1091 Coarse quartz sand, much less clay  

1091 1112 Fine quartz sand with coarse quartz sand  

2.6. Headworks 

The well was completed with two steel 6 inch gate valves (Figure 9) and connected to the landholder’s reticulation 

pipework which was previously attached to the old well.  

2.7. Flow testing 

After development the well was left to flow under artesian conditions for 24 hours. The flow rate was estimated at 

33 L/s using the time taken to fill a 1 m3 container. 

On 4 August 2016 further testing was conducted by DEWNR. A 40 minute flow test resulted in a stable flow rate of 

36 L/s and a stable (maximum) temperature of 85.6 oC which was reached after approximately 20 minutes (Figure 

10). The electrical conductivity of the water was measured at 1496 µS/cm. 

The valve was then shut over 5 minutes and a pressure shut-in test conducted for 35 minutes. The maximum 

pressure after shut-in was 515 kPa and no leakage was observed. 
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Figure 9. Headworks of Mulka Bore No. 2 
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Figure 10. Artesian flow of 36 L/s from Mulka Bore No. 2 during flow test on 4 August 2016 
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3. Decommissioning of Mulka Bore 

3.1. Introduction 

Mulka Bore (Unit number 6641-6) was originally drilled in 1907 by the cable tool method, and rehabilitation works 

were undertaken in at least 1957, 1959, and 1984: 

 1907: Bore drilled to 1050 m and completed with 8” steel casing to 593 m and 6” steel casing to 1046 m. 

The annulus was not cemented as the casing was driven into the ground by the cable tool drilling method. 

 1957: Unknown. 

 1959: Unknown. 

 1984: 80 mm FRP casing set at 283 m and 80 mm steel casing set from 283 m to 307 m. 

 1998: Unknown. 

The plan to decommission the well was based on perforating the original 6” casing in two points to ensure cement 

could be squeezed into the annulus over a confining layer. It was considered likely that the original casing strings 

had corroded significantly at multiple depths. 

The well was then to be cemented in several stages. 

3.2. Decommissioning activities 

The well was decommissioned between 22–25 April 2016. Site supervision was provided by the DEWNR Drilling 

Inspector. The Drillers Well Construction Schedule 8 report is given in Appendix E. The well construction diagram is 

given in Figure 11. 

 Flow from the well was controlled by pumping 9295 L of mud slowly through temporary wellhead works 

which would extend to a depth of at least 810 m. 

 The well was geophysically logged to total depth at 1050 m with a 3-arm caliper, and a combination 

gamma, neutron and casing collar locator (CCL) probe (Appendix F). 

 A cement bond log was run to 307 m, the depth to which the well had been relined (Appendix F). 

 The well was explosively perforated in two successive runs over two depth intervals, 1015.5 m to 1018.5 m 

and 440.5 m to 443.5 m. 

 Drill rods were run to 600 m (maximum available on site) and 3430 L of grout was pumped through the 

rods. 

 After allowing for setting time when running the rods back to surface an obstruction was encountered at 

273 m. A piece of FRP casing was subsequently found inside the drill rods. This indicates the FRP casing 

had probably degraded in parts down the hole. 

 The top of grout was tagged at 489 m, indicating the cement plug spans the interval from 489 m to 

approximately 683 m. This means the lower perforated interval was not cemented due to the lack of rods 

on site. 
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 The next stage of grout was done in two stages: 

o 1980 L of 1.67 S.G. grout was placed from 364 m to approximately 476 m. 

o 1980 L of 1.67 S.G. grout was placed from 364 m. 

 After allowing for setting time grout was tagged at 78 m. A tremie pipe was then used to cement the well 

to surface.  

Perforation and cementing reports are included in Appendix G. 
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4. Conclusions and Recommendations 

4.1. Conclusions 

Mulka Bore No. 2 was successfully drilled and constructed and is producing at 33 L/s. The old Mulka Bore was 

decommissioned successfully. 

A cement bond log was successfully used to determine a missing section of grout from 67 to 187 m. This presents 

a risk to the long-term integrity of the production casing. 

4.2. Recommendations 

Cement bond log surveys that have been undertaken by DEWNR on a number of wells drilled in the Great Artesian 

Basin over the past two years have indicated that casing is not always being correctly grouted, with grout rarely 

returning to surface as required. This results in missing sections of grout in the annulus, which can result in casing 

being exposed to shallow formation fluids and being subject to a higher risk of corrosion than if the annulus were 

grouted. 

In order to improve the outcome of cementing jobs, we recommend that: 

 Two or more tremie lines be pre-installed on the production casing to depths of 100 m and 200 m (for 

example) to enable deeper placement of cement during top-up jobs, if required. 

 The drilling or cementing contractor be aware of the fracture pressure of formations that have been 

drilled through and take steps to ensure mud and cement grout weights are suitable for these conditions. 

 Depending on formation types and drilling conditions, consideration should also be given to increasing 

the volume of grout pumped as a percentage of calculated annular volume, for example up to 100% 

additional volume of grout. Materials should be on site to allow for this possibility.    
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Figure 11. Decommissioning of Mulka Bore 
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Appendices 

A. Mulka Bore No. 2 Construction 

This appendix contains: 

 Drillers Well Construction Schedule 8 Report (1 page) 

 Mulka Bore basic mud program (drilling fluids) (5 pages) 

 Manufacturer data sheets for drill bits used (2 pages) 
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B. Mulka Bore No. 2 Cementing reports 

This appendix contains contractor reports with details of the different stages of cementing conducted at Mulka 

Bore No. 2: 

 Artesian Control Casing Cementing Report (1 page, 11 April 2016, SCD) 

 Production Casing Cementing Report (1 page, 17 April 2016, SCD) 

 Annulus Grout Top Up Confirmation (1 page, SCD) 

 Wellpro Cement Job Report (3 pages, 17 April 2016, Wellpro) 
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C. Mulka Bore No. 2 Geophysical logs 

This appendix contains copies of the geophysical logs run on Mulka Bore No. 2: 

 Caliper and temperature probe, run on 18 April 2016 from 69 m to 1082 m 

 Cement bond probe, run on 19 April 2016 from 7 m to 1074 m. 

 Caliper and temperature probe, run on 21 April 2016 from 1052 m to 1109 m. 

 Cement bond probe, run on 21 April 2016 from 18 m to 313 m.  
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D. Mulka Bore No. 2 Lithology 

This appendix contains a detailed lithological log from cuttings taken while drilling Mulka Bore No. 2. 

Detailed lithological log for Mulka Bore No. 2 

Sample depth 

(m) 
Description 

0 2 Sandy top soil, fine quartz sand, clear to orange, red stained, well sorted, chips of iron 

stones, sample tending to sandy clay at 2 m 

2 12 Sandy clay, fine quartz sand, well rounded, clear to orange red, tending to clay at base 

12 15 Clay, white sticky plastic clay, fine grey quartz sand, poorly sorted, sub angular to angular 

15 18 AS ABOVE , hard sandstone band 16–17m , sandstone well sorted, fine grey, well sorted 

grains 

18 21 AS ABOVE, intermittent hard sandstone bar 

21 24 White grey clay, plastic, sandy, quartz sand as above 

24 27 White grey clay, mottled in part, red/yellow fine-medium quartz sand, iron stone stained, 

interbedded hard bars of sandstone 

27 30 AS ABOVE - interbedded hard bars of sandstone 

30 33 Grey sticky plastic clay 

33 36 Mottled grey yellow weak clay, angular quartz sandstone chips, interbedded hard bars of 

sandstone 

36 39 Grey clayey shale-moderately stiff, yellow mottling present 

39 42 AS ABOVE 

42 45 AS ABOVE, mottled yellow / grey intrebedded black shale 

45 48 Green/grey shale (glauconitic), stiff, some blebs of yellow shake evident 

48 69 AS ABOVE 

69 72 AS ABOVE, blebs of white clay evident 

72 75 Highly glauconitic 

75 78 Weak salty shale, gritty sand, fine, well rounded, clear to grey/black, carbonaceous material 

evident 

78 81 AS ABOVE 

81 84 Grey/green silty shale 

84 87 AS ABOVE, stiff shale-highly glauconitic 

87 106 AS ABOVE 

106 180 Grey / green shale with poorly cemented fine grained sandstone in bands and traces of 

lignite 

180 210 AS ABOVE - grey /green soft shale with fine sand 

210 257 Grey /green soft shale 

257 266 Grey shale, very soft 

266 269 Calcareous gray shale with fine quartz sand 

269 275 Grey shale, some sand 

275 281 Brown lignite and grey shale 

281 323 Carbonaceous grey shale  

323 341 Calcareous grey shale 

341 347 Grey shale, some fine sand, traces of lignite 

347 353 Calcareous grey shale 

353 365 Grey shale with fine quartz sand 
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Sample depth 

(m) 
Description 

365 371 Calcareous grey shale 

371 395 Grey shale, carbonaceous in parts, some fine sand 

395 401 Grey shale, some fine sand 

401 404 Lignitic grey shale 

404 413 Grey shale 

413 422 Lignitic grey shale 

422 493 Grey shale 

493 505 Calcareous grey shale 

505 641 Grey shale 

641 646 Carbonaceous gray shale 

646 652 Gray shale 

652 661 Calcareous gray shale 

661 741 Gray shale 

741 747 Calcareous gray shale 

747 800 Grey shale 

800 860 Grey shale, much harder 

860 947 Very hard grey shale 

947 959 Calcareous very hard grey shale 

959 965 Very hard grey shale 

965 977 Grey hard shale with light grey clay 

977 986 Hard grey and black shale with grey green clay, pieces of coal present 

986 1014 Grey sandy grey shale, soft,  sand are very fine 

1014 1047 Pale grey very fine grained sandstone / siltstone with gray plastic clay and gray shale 

1047 1059 Pale grey very fine grained sandstone / siltstone with coarse angular quartz sand and gray 

plastic clay 

1059 1071 Coarse quartz angular sand with very fine grained sandstone and gray plastic clay (much 

faster drilling) 

1071 1085 Coarse quartz angular sand with gray plastic clay 

1085 1091 Coarse quartz angular sand 

1091 1112 Unsorted, fine to coarse, angular quartz sand, mainly fine sand 
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E. Mulka Bore Decommissioning 

This appendix contains: 

 Drillers Well Construction Schedule 8 Report (1 page) 



 

DEWNR Technical note 2016/27 77 

 

 



 

DEWNR Technical note 2016/27 78 

F. Mulka Bore Decommissioning Geophysical Logs 

This appendix contains: 

 Geophysical logs run on 22 April 2016 including caliper, gamma, casing collar locator (CCL), and 

temperature, from 0 m to 1051 m. 

 Cement bond survey run on 22 April 2016 in the relined FRP section of the bore, from 6 m to 304 m. 



 

DEWNR Technical note 2016/27 79 

 



 

DEWNR Technical note 2016/27 80 

 



 

DEWNR Technical note 2016/27 81 

 



 

DEWNR Technical note 2016/27 82 

 



 

DEWNR Technical note 2016/27 83 

 



 

DEWNR Technical note 2016/27 84 

 



 

DEWNR Technical note 2016/27 85 

 



 

DEWNR Technical note 2016/27 86 

 



 

DEWNR Technical note 2016/27 87 

 



 

DEWNR Technical note 2016/27 88 

 



 

DEWNR Technical note 2016/27 89 

 



 

DEWNR Technical note 2016/27 90 

 



 

DEWNR Technical note 2016/27 91 

 



 

DEWNR Technical note 2016/27 92 

 



 

DEWNR Technical note 2016/27 93 

 



 

DEWNR Technical note 2016/27 94 

G. Mulka Bore Decommissioning Perforation and Cementing 

This appendix contains: 

 Decommissioning cementing report (1 page, SCD) 

 Mulka Bore Squeeze Perforations report (2 pages, Owen Oil Tools) 
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