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Figure 1 

Proposed New Cored and Air 
Rotary Boreholes 
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Downhole Geophysics Interpretation 
This geophysics note details an initial assessment of the downhole geophysics undertaken by 
Robertson Geologging Ltd in January 2013.  The information used to interpret the geophysical logs 
includes the Arup Hydrogeological Quantitative Risk Assessment (Dec 2010) and the monitoring 
well logs recorded during drilling. The geological logs are presented in Appendix A and the 
geophysical logs are presented in Appendix B.   

It is intended that the text below can be reviewed and inserted into an interpretive report. 

1 Downhole Geophysical Logging 
In order to improve the geological model of the site and relate the geology from monitoring well 
logs to the geology from wells for which no logs are available, downhole geophysical logging was 
employed.  Information from the geophysical logging has been used, in conjunction with existing 
geological information, to obtain an improved understanding of the underlying geology as well as 
identifying locations and depths to be investigated with subsequent site investigations.   

1.1 Scope of Geophysical Logging 
Eight of the existing monitoring wells were used for the geophysical logging: BH4a, BH11a, 
BH15a, BH16, BH17, BH18, BH19 and BH20.  The downhole geophysical techniques used in 
these boreholes included: 

1. Formation density.  Also known as ‘gamma-ray density’ and includes the use of a 
radioactive source to bombard the material surrounding the boreholes with gamma rays.  
These gamma rays collide elastically with electrons and the number of collisions is a 
function of the formation density of the material (Crompton scattering).  This technique can 
be used to estimate the porosity of rock if the matrix density and pore fluid density are 
known.   

2. Natural gamma.  Different materials contain varying small quantities of radioactive 
elements.  Potassium rich evaporates present in clay minerals, micas and alkali feldspar 
produce a detectable level of radiation.  Consequently sedimentary rocks with a relatively 
high clay and shale content can be identified in the logs. 

3. Induction.  An electromagnetic field created by the sonde induces eddy currents in the rock 
which generates a secondary electromagnetic field.  The phase difference and strength of the 
secondary electromagnetic field is a function of the conductivity of the rock.   

4. Fluid temperature and fluid conductivity.  The variation in temperature with depth can 
give an indication of fissures or porous strata within a borehole where water of a different 
temperature or fluid electrical conductivity flows into the borehole.  Meaningful results are 
not generated where the borehole is cased. Delta temperature (DELT) and delta conductivity 
(DELC) log the change in the parameter with depth. 
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Note:  There is no induction log forBH11a. 

1.2 Results 
The wells in which the sondes were used had been drilled using a rotary flush method and the 
cuttings logged at the surface.  Logging with this method of drilling can miss information on the 
rock and can also leads to inaccuracies of the depth of changing strata due to the time required for 
the drilling mud to return to the surface. 

The sondes used are 2m in length therefore no logging above 2m depth is possible and logs 
commence at 2mbgl.  Robertsons have stated that some of the logs of the boreholes do not reach 
maximum depth as the liner pipe’s internal diameter was very close to the tool diameter.  When the 
pipe was vertical the tool could get down easily. However if there was any bend in the pipe the tool 
was not able to pass. 

The interpretation for the results from the geophysical logs, for each borehole, has been tabulated 
below. 

Borehole   Observations Anomaly 
reference 

Approx 
depth of 
anomaly  
(m bgl) 

Comments 

BH4a Logged for full 
depth (i.e. 2 to 
12mbgl).Borehole 
is steel cased to 
5.18m. Water level 
shown at 1.3mbgl 
from fluid logs. 

BH4a-01 Full depth 
 

The borehole is located outside of the site boundary 
by ~250m to the east.  There is no detailed 
interpretation of the geology in this area however 
both the induction and natural gamma reading suggest 
there is little variation in the strata logged (to 
12mbgl).  

BH11a Logged for full 
depth (i.e. 2m to 
28mbgl). Water 
level shown at 
approx 4mbgl. 
Plain cased to 
approx 20mbgl. No 
induction log. 

BH11a-01 10.5 – 12 
 

Relatively large increase in the natural gamma 
reading which may be indicative of the ‘fractured 
shale’ recorded on the borehole log, especially if the 
fractures are filled with clay. 

BH11a-02 19 – 23 
 

Reduction in the natural gamma reading which is 
indicative of an increase in particle size.  The 
borehole log records ‘heavily weathered shale from 
18m bgl going into to ‘sandy shale’ at 21m bgl.  It is 
likely that the reduction in the natural gamma output 
is associated with the sandy shale on the borehole log. 

BH15a Logged for full 
depth (I.e. 2m to 
26.3mbgl). Water 
level shown at 
5.1mbgl. Plain 
cased to 28mbgl. 

BH15a-01 5.1 
 

Increase fluid logs indicative of the top of 
groundwater level. 

BH15a-02 12.5 – 15  
 

Relatively large increase in the natural gamma 
reading which may be indicative of an increase in 
clay content. 

BH15a-03 20 
 

The fluid logs show an increase which continues to 
base of hole, however as the well is cased to 28mbgl 
the cause of this fluid anomaly is uncertain. 

BH15a-04 2 – 13 
 

The top portion of the induction log is relatively low, 
whereas the low part of the log records relatively 
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Borehole   Observations Anomaly 
reference 

Approx 
depth of 
anomaly  
(m bgl) 

Comments 

BH15a-05 15 – 23 
 

high.  This may be indicative of the change between 
the Balrickard and Donore Formations. 

BH16 Logged for full 
well depth (2m to 
23.75mbgl), 
borehole originally 
drilled to 60mbgl. 
Fluid logs indicate 
water level at 
2.2mbgl. Plain 
cased to 20mbgl. 

BH16-01 2-13 Natural gamma log is very high in upper part of 
borehole, suggesting shale/clay.  Similarly induction 
log is relatively high in the upper 13m, with a gradual 
decrease, suggesting high electrical conductivity rock 
(indicative of shale/clay). 

BH16-02 20-bottom of 
log 

Fluid logs show a decrease, probably indicative of the 
screened section.  

BH17 Logged for full 
depth (i.e. 2m to 
53mbgl). Water 
level shown at 
3.3mbgl. Plain 
cased to 25mbgl. 
Screen 25 to 
27mbgl and 32 to 
37mbgl and 42 to 
48mbgl with plain 
casing between 
screened sections. 

BH17-01 3.3 
 

Increase in fluid logs indicative of the top of water 
level. 

BH17-02 7.5 
 

Fluid conductivity logs shows increase, however as 
borehole is plain cased at this depth cause of anomaly 
unknown.   

BH18 Logged to 12mbgl 
(fluid and natural 
gamma), and to 
15.8mbgl 
(induction).  
Lithological log 
and installation 
details indicate 
total depth 21m. 
Plain cased except 
for  with screen 17 
to 19mbgl screened 
section. Water level 
shown at 8.2mbg. 

BH18-01 8 
 

Increase in fluid logs indicative of the top of water 
level.. 

BH18-02 4 – 10  
 

The natural gamma reading fluctuations observed 
correlate with the ‘interbedded sandstone and 
mudstone’ description provided on the borehole log.  
The spikes and troughs may be representative of the 
mudstone and sandstone respectively. 

BH18-03 12 -15 Induction log shows gradual increase in electrical 
conductivity suggesting increasing clay/shale content. 

BH19 Logged for full 
depth (i.e. 2m to 
18mbgl). Water 
level shown at 
2.2mbgl. Plain 
cased to 16mbgl, 
screened 16 to 
17mbgl. 

BH19-01 11 – end of 
log 
 

BH19 was drilled close to two fault zones.  The 
increase in natural gamma response maybe indicative 
of material fractured by faulting as observed in the 
correlation discussed in anomaly BH11a-01. 

BH20 Logged for full 
depth (i.e. 2m to 
42mbgl). Water 

BH20-01 10 Fluid conductivity logs shows increase, however as 
borehole is plain cased at this depth cause of anomaly 
unknown.   
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Borehole   Observations Anomaly 
reference 

Approx 
depth of 
anomaly  
(m bgl) 

Comments 

level shown at 
2mbgl. Plain cased 
to 40mbgl, 
screened 40 to 
42mbgl. 

BH20-02 34 to 42 Low natural gamma reading suggesting lower clay 
content, correlates with drillers log higher inflow rate 
(higher hydraulic conductivity).   

 

1.3 Conclusions 
Some methods used in the downhole geophysics logging suite have been more successful than 
others.  The nature of the rock and the level of detail provided on the borehole lithological logs have 
limited the useful application of the geophysical logging for identifying specific geological 
boundaries and formations.  Some aspects of the downhole geophysical logging have proved 
successful and are detailed below: 

1. Variations in clay content.  The natural gamma log identified layers of a relative variation 
in clay content.  In some cases these correlated well with the geological description provided 
on the borehole logs.   

2. Layers of interbedded mudstone and sandstone.  Where borehole logs prove layers of 
interbedded sandstone and mudstone the readings from the natural gamma logs appear have 
a good correlation.  Further site investigation can be used to obtain more accurate borehole 
logs and improve this correlation. 

3. Faulting / Fracturing.  The natural gamma log results were relatively high in locations 
identified on the borehole logs as being fractured (BH11a) or where the boreholes are close 
to a fault zone as indicated on the geological model (BH19).  This may be due to the 
fractures being filled with clay.  Further site investigation work would be required to 
confirm this correlation. 

4. Static water level in well.  The fluid logs indicated the static water level in each well. 

5. Inflow horizons.  As the boreholes have monitoring wells installed with plain and screened 
sections, identifying inflow horizons is difficult compared to fluid logs of open holes. 

6. Ambiguous geophysical anomalies.  Several of the geophysical logging techniques show 
various anomalous readings which cannot be associated with information on the borehole 
logs or the geological ground model.  Subsequent site investigation can be used to identify 
changes in ground conditions at these locations. 
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Appendix A 

Geological Borehole Logs 
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Depth: 1.00 m   Date: 21 Nov 2012   Time: 15:24:22   File: "C:\Winlogger\Data\Murphy Environmental\BH4a\BH4a_INDS.LOG"
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Depth: 9.00 m   Date: 21 Nov 2012   Time: 15:13:09   File: "C:\Winlogger\Data\Murphy Environmental\BH4a\BH4a_TCDS.LOG"
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Depth: 21.00 m   Date: 22 Nov 2012   Time: 10:46:02   File: "C:\Winlogger\Data\Murphy Environmental\BH16\BH16_TCDS.LOG"
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Depth: 51.00 m   Date: 21 Nov 2012   Time: 10:21:37   File: "C:\Winlogger\Data\Murphy Environmental\BH17\BH17_TCDS.LOG"
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Appendix C 

Site Conceptual Model (CSM) 
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