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ABSTRACT 

The first phase of the Deep Fault Drilling Project (DFDP-1), Alpine Fault, was carried out in 
January and February 2011 at Gaunt Creek, South Westland, New Zealand. Two boreholes, 
DFDP-1A and DFDP-1B, were drilled to depths of 101 m and 151 m respectively. DFDP-1A 
cored a hangingwall mylonite sequence containing cataclasite zones that increase in 
frequency downward; 20–30 m of cemented and hydrothermally altered cataclasites; a >5 
cm-thick principal slip surface of ultracatalasite and gouge at 90 m; and footwall fluvial 
gravels to a total depth of 100.6 m. DFDP-1B cored a similar hangingwall sequence; 
encountered a principal slip surface with a thickness of about 20 cm at depth of 128 m; 
penetrated a footwall sequence of quartz- and feldspar-rich, extensively altered and variably 
cataclased rock including a significant fault at 130 m; and reached a total depth of 151.4 m. A 
broad suite of downhole geophysical logs was collected using acoustic televiewer, neutron, 
full-waveform sonic, density, dipmeter, and electromagnetic flowmeter sondes. A fault zone 
observatory was installed in the DFDP-1B borehole, consisting of a seismometer near the 
base; a 25 mm internal diameter alkathene fluid sampling tube (perforated above the 
seismometer in the footwall); four vibrating-wire piezometers with inbuilt temperature 
sensors; 20 platinum RTD temperature sensors on two separate strings; and surface 
infrastructure providing security and housing the power supply and recording equipment. 
DFDP-1A was cased to 81 m depth and had a seismometer installed at the base of the 
casing, connected to the observatory equipment mounted above DFDP-1B. 

Keywords 

Alpine Fault; Westland; drilling; wireline; borehole 
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1.0 INTRODUCTION 

What are the physical conditions in the mid-crust under which large, active continental fault 
zones evolve and generate earthquakes? 

The over-arching goal of the “Deep Fault Drilling Project, Alpine Fault” (DFDP) is to address 
this question through staged drilling into the Alpine Fault, to observe and sample at 
progressively greater depths. This report summarises drilling and onsite operations carried 
out during the initial phase of the project, DFDP-1. 

Specific technical objectives of DFDP-1 boreholes were to: 

1. collect the first set of continuous rock cores across the fault zone; 

2. collect the first suite of wireline logs across the fault zone; 

3. conduct borehole hydraulic experiments within the fault zone; 

4. conduct long-term monitoring of temperatures, fluid pressures, and fluid chemistry; 
and 

5. install borehole seismometers. 

DFDP-1 field operations were carried out in January and February 2011 at Gaunt Creek in 
South Westland, New Zealand, about 20 km northeast of the village of Franz Josef Glacier 
(Figure 1). Borehole DFDP-1A was drilled to a total depth (TD) of 100.6 m, and DFDP-1B 
was drilled to a TD of 151.4 m. 

 
Figure 1 Location of the DFDP-1 drill site northeast of Franz Josef Glacier in western South Island, 
New Zealand. 
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2.0 SCIENTIFIC BACKGROUND 

The mid-crust is the locus of several fundamental geological and geophysical phenomena. 
These include the transitions from brittle to ductile behaviour and from unstable to stable 
frictional sliding (Rice & Cocco 2007; Tullis et al. 2007); earthquake nucleation and 
predominant moment release (Sibson 1983); the peak in the crustal stress envelope 
(Townend 2006); the transition from predominantly cataclastic to mylonitic fault rocks (Sibson 
et al. 1979); and mineralization associated with fracture permeability (Sibson 2007). 

The transition in both space and time between continuous, temperature-controlled creep 
deformation at depth and episodic, pressure-sensitive frictional sliding in the upper-crust 
(commonly although controversially referred to as the “brittle–ductile transition”) is 
fundamental to understanding the mechanics of crustal scale faults (e.g., Rutter 1986). 
Characterizing this transition relies on being able to distinguish different grain-scale 
deformation mechanisms in samples of fault rocks, and determining the effects on those 
mechanisms of strain rate, temperature, pressure, and fluids (both chemically and physically; 
e.g. Craw & Campbell 2004). 

The central Alpine Fault is a globally important focus of such study, for both scientific and 
logistical reasons. The fault’s geometry and sense and rate of motion combine to exhume 
fresh faulting products, and previous surface studies and geological experiments have 
contributed to archetypal models of continental faulting and mountain-building (Sibson 1983; 
Koons 1987; Sibson 1989; Norris & Cooper 1995; Norris & Cooper 2003). Moreover, and in 
contrast to other well-studied active continental faults, the Alpine Fault has not produced 
large earthquakes or measurable creep in historic times (or, more specifically, since AD 
1717) (Sutherland et al. 2007). It therefore affords a rare opportunity to determine conditions 
in a fault zone prior to an anticipated large earthquake (Townend et al. 2009). 

Previous studies of the central Alpine Fault have suggested that the adjacent mid-crust is hot 
(Koons 1987; Allis & Shi 1995; Batt & Braun 1999; Toy et al. 2010) and over-pressured 
(Stern et al. 2001; Wannamaker et al. 2002). Hanging-wall seismicity terminates at a depth of 
~10–12 km (Leitner et al. 2001), and focal mechanism analysis suggests that the Alpine fault 
sustains shear stresses lower than expected for idealised faulting models (Townend 2006). 
The fault itself is segmented at the surface on a 1–4 km-scale into 030-050°-striking reverse 
segments and 070–090°-striking strike-slip segments (Norris & Cooper 1995), in response to 
topographic stress perturbations (Koons & Kirby 2007). 

3.0 SITE SELECTION AND SURVEY 

Site selection was previously discussed in detail at an international workshop (Townend et al. 
2009). The specific choice of site at Gaunt Creek for phase 1 satisfies the following criteria: 

1. It is within the central zone of high exhumation rates and moderate fault dip. 

2. It is up-slip-vector from our highest-ranked deep (c. 4–6 km) drill site. 

3. Adjacent outcrop is the most highly-studied of all Alpine Fault exposures. 

4. Fault position can be precisely estimated from surface data. 

5. Relatively easy access and low environmental sensitivity (gorse-covered). 

Alpine Fault exposures on the southwest bank of Gaunt Creek have been well-studied, but 
the exact location of the fault on either side of the valley and beneath surface gravels on the 
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valley floor was sufficiently uncertain to warrant further detailed investigation. New LIDAR 
data were collected in 2010 and shallow excavations undertaken by a team led by Rob 
Langridge (GNS Science). Geomorphic interpretation of the LIDAR data and field mapping 
by the team from GNS Science, Canterbury and Otago universities confirmed a previously 
unrecognised fault trace north of the proposed drill site, and shallow excavations along a 
natural terrace riser confirmed that cataclasite is thrust over Quaternary gravel (Figure 2). 
This detailed information allowed us to make a model of fault geometry beneath the river 
valley and hence refine the site of our first borehole to achieve a target fault intersection 
depth of c. 100 m based on a modelled dip of 40°. 

The intersection depths with the inferred active fault strand in the two holes were actually 91 
m in DFDP-1A and 128 m in DFDP-1B. These depths correspond to an average fault dip 
between the surface trace and the intersection with DFDP-1A of 37°, and an average fault 
dip between the two boreholes of 28°. The results confirm our working hypothesis that the 
principal slip surface of the fault has a relatively simple and narrow planar geometry with 
subtle flats and ramps, rather than being a complex series of fault splays. 

 
Figure 2 LIDAR map of DFDP-1 drill site at Gaunt Creek. Contours are at 1 m interval. NZGD2000 
coordinates. NZMG locations of boreholes are:  
(A) DFDP-1A, 1383121.61E, 5200611.28N, and (B) DFDP-1B, 1383221.72E, 5200621.30N 
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4.0 PERMITS AND SITE PREPARATION 

The Gaunt Creek drill site lies on Department of Conservation estate and a concession (WC-
26041-OTH) to drill and then operate a long-term observatory was obtained in consultation 
with Diana Clendon (DOC, Hokitika office). We were advised that no resource consent was 
required. Mary Trayes, Westland Regional Council, visited the site during operations. 

An existing gravel track extending from State Highway 6,along the stopbank and floodplain 
on the true right bank of the Waitangitaona River to the confluence of Gaunt Creek was 
upgraded during the site preparation, and a new track constructed across the gorse-covered 
gravel terraces northeast of Gaunt Creek (Figure 1; Figure 3). Jim Arnold of Arnold 
Contracting (Whataroa) was contracted to undertake the earth moving and road grading 
activities. 

Drill site

 
Figure 3 Looking southeast to the DFDP-1 site at Gaunt Creek before road improvement.  
Photograph taken from the outcrop of the Alpine Fault principal slip surface on the SW side of Gaunt Creek. 
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Figure 4 Looking southwest from above the DFDP-1 drill site towards exposed fault rocks southwest (true 
left) of Gaunt Creek. The central light-coloured patch is hydrothermally altered shattered cataclasites above the 
fault plane. Field of view is 300 m across. 

 
Figure 5 Truck carrying drill office container and pipe lifter on access road. 
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Figure 6 Road improvement and location of DFDP-1A (wooden stake) before drilling. 

 
Figure 7 Precollar operations being established at DFDP-1A. 



 

 

GNS Science Report 2011/48 7 
 

5.0 CONTRACT, SITE, AND SAFETY MANAGEMENT 

The Principal of the drilling and logging contracts was GNS Science and the project manager 
was Rupert Sutherland. Alan Speight of Horizon Drilling was contracted to manage drilling 
activities, and his Head Engineer on site was Brent Herrick (“Egor”), who was responsible for 
operations and safety in the immediate vicinity of the drill site. 

  
Figure 8 Brent Herrick and Alan Speight (white hat) of Horizon Drilling (left). Rupert Sutherland, GNS 
Science, standing on the access road with the upper valley of Gaunt Creek in the background. 

Horizon Drilling subcontracted Ken Mears, who subcontracted John Butt of Butt Drilling 
(Blenheim; http://buttdrilling.co.nz) to install steel casing (150 mm internal diameter, API 
linepipe, schedule 20, 6.35 mm wall) through surficial gravels and near-surface weathered 
rock using a compressed air downhole hammer system with a Concentrix bit and casing 
shoe that advances casing (without rotation) as drilling progresses. Ken Mears of Westmere 
Drilling (Greymouth; http://www.westmeredrilling.co.nz/) was also onsite and assisted with 
precollar operations. 

Downhole wireline logging was carried out by Gareth Hay from Subsurface Imaging 
(managed by Grant Roberts, Auckland; http://subsurfaceimaging.net). 

All visitors were required to read and comply with our safety and risk assessment plan, and 
to register their personal details and intentions before entering the site. 

At the time of drilling there was little or no cellphone coverage onsite (Vodafone sometimes 
connected, or worked with a booster near the DFDP-1B site), but two satellite phones were 
available in case of emergency. A satisfactory helicopter landing site was identified adjacent 
to Gaunt Creek about 100 m west of the DFDP-1A location (Figure 2), though a helicopter 
may also have been able to land adjacent to the creek between the two boreholes. 

http://buttdrilling.co.nz/
http://www.westmeredrilling.co.nz/
http://subsurfaceimaging.net/
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6.0 OVERVIEW OF ONSITE ACTIVITY 

A summary of operations is shown in Figure 9. 
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Figure 9 Timing of drilling progress. Solid grey and lilac lines show planned drilling progress. Bold blue and 
red lines show actual progress. 

Drilling operations started five days earlier than scheduled with installation of 150 mm (ID) 
casing (“pre-collaring”) at site DFDP-1A by Butt Drilling using a downhole air-hammer system 
(Figure 12). We could not precollar DFDP-1B at the same time because the borehole’s 
location was to be determined based on the depth of fault intersection in DFDP-1A. Butt 
Drilling personnel therefore returned to Blenheim, but left some of their drilling equipment on 
site. There was a two-day wait before high-speed diamond-drilling equipment arrived on site 
to start coring operations. 
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Figure 10 Geological log of water and rock cuttings returned during installation of 150 mm casing in DFDP-
1A. The free water level measured in the hole the following day was 17.86 m, suggesting clay alteration is 
associated with wet-dry cycles caused by fluctuating and perched water levels. 

Coring of DFDP-1A proceeded at a moderate rate using a water and CR-650 
(http://amcmud.com) mud system and double-shifts in order to operate 24 hours/day. Core 
recovery was very poor initially due to the highly fractured, incohesive nature of the 
ultramylonites and excessive vibrations caused by the relatively large annulus. Recovery 
improved substantially, however, as cemented cataclasites were reached within c. 25 m of 
the principal slip surface (PSS). The PSS was marked by clay gouge overlying gravel at 91 
m depth. The drill string became stuck several times while trying to core the underlying 
gravel, and the decision was made to halt drilling operations. A summary geological log is 
shown in Figure 10. 

http://amcmud.com/
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Figure 11 DFDP-1A summary geological log.  

In view of the depth to the fault determined in DFDP-1A, a decision was made to pre-collar 
DFDP-1B to 70 m before commencing coring. Butt Drilling returned to the site on 25/1/2011 
and began installing 150 mm (ID) casing with the downhole air hammer system, but the 
casing shoe became detached at 34 m (Figure 15). A 390 mm gap between the base of the 
150 mm casing string and the shoe was evident from the vertical movement possible when 
moving the drill string. 

The first attempt to grout the base of the hole and fix the loose casing shoe in place was 
unsuccessful, probably because of high permeability and flow rates away from the hole 
(possibly up and around the casing). The second batch of grout consisted of 170 l water, 160 
kg of General Purpose cement, 2 kg bentonite, and 500g salt (NaCl) to accelerate the setting 
speed. The head in the borehole was lowered by 4.7 m by pumping to reduce pressure in the 
hole after the grout had been pumped to the base via a 25 mm tremie tube. 

The second grouting operation successfully secured and sealed the base of the hole, and we 
were then able to drill through the grout and casing shoe with the PQ drill string (HWT casing 
used as drill rods, 114.3 mm OD, 101.6 mm ID). As in DFDP-1A, we encountered bad 
vibrations during drilling and very poor core recovery. To address this issue, we obtained PW 
casing (139.7 mm OD, 127.0 mm ID) and installed a 36.51 m PW casing string with shoe to 
reduce the annulus (in doing so, we were required to redrill through the detached 150 mm 
shoe again). This reduced the vibrations and coring operations continued, with more PW 
casing added as needed, but progress remained very slow and core recovery was poor. 
Coring operations were halted with the bottom-of-hole (PQ) at 45.80 m and with 42.51 m of 
PW casing in the hole. 
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Figure 12 Photos showing 150 mm casing with Concentrix shoe and bit ready to be installed (left), and with 
casing shoe detached (right). 

The underlying cause of the difficulties encountered in coring DFDP-1B appeared to be hard, 
fractured rocks that were breaking into angular fragments at the borehole wall and within the 
core barrel. Alan Speight addressed this challenge by switching to an undersized NW string 
(88.9 mm OD, 76.2 mm ID), with a custom-built reamer/stabilizer and “Stratopack” drill bit 
(Figure 13). 

  
Figure 13 Stratopack drill bit with custom built reamer/stabiliser on NWT string (left), and comparison between 
diamond drill bit with reamer and stratopack bit (right). 

Using the NW string and Stratopack drill bit, open-hole drilling continued until 70 m depth, at 
which point coring operations resumed. Coring again produced similar problems of very low 
recovery and jamming in the hole. Consequently, open-hole drilling was continued once 
more, but with careful monitoring of the cuttings. One driller left dramatically during the night 
at this point (for personal reasons) and Rupert Sutherland was called on to assist with 
drilling. 

At 93 m depth, a change to a greenish (chloritic?) tint of the cuttings and drill mud caused us 
to resume coring operations. Coring continued to 114 m, with only one problem encountered 
at 100 m, where progress slowed and the core catcher became partly unscrewed whilst 
trying to free the drill string. As coring reached 114 m, a freak storm with high winds and very 
heavy rain damaged the camp at 02:00, so drilling was suspended while the logging facilities 
were rebuilt. We were back up and running again by 08:00 the same day. 

At a depth of 128.1 m, hard clay (inferred to be fault gouge) blocked mud circulation and the 
drill string was tripped out. This process took approximately 2 hours. We then successfully 
cored the primary gouge surface at 128.4 m and continued to a total depth of 151.4 m. At this 
depth, cuttings and wall fragments were forced up inside the core barrel (due to over-
enthusiasm on the part of the driller), causing the core barrel and wireline to become stuck 
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(02:00; 1/2/2011). We decided at this point that we had gone far enough, tripped out, and 
then started wireline logging before the borehole became unstable. 

The DFDP-1B hole was first flushed with fresh water-based mud using a 150 m HWT casing 
string with shoe bit. The density tool was run inside casing before the main DFDP-1B logging 
operation was carried out with the drill rig over the hole. After logging operations had been 
completed, the drill rig was moved to DFDP-1A (4/1/2011) and observatory installation 
started at DFDP-1B. Note that the initial grout operation in DFDP-1B failed (only 40 l of grout 
was injected) due to a technical issue with the pump. However, we were able to readvance 
the tremie tube to 129 m (below the fault gouge), to ensure that a proper seal across the fault 
was achieved by the second attempt. The Stratopack bit and NW string became jammed in 
DFDP-1A, but we were able to rapidly clear the hole with an HWT string with shoe bit and 
casing advancer. The DFDP-1A borehole was tight below 75 m depth, and the maximum 
depth reached during these re-entry operations was 100.6 m; the hole was then flushed with 
water and wireline logging started. Wireline logging of DFDP-1A encountered several 
problems stemming from borehole instability and required several attempts using the HWT 
casing string to secure the upper part of the hole. 

      
Figure 14 Casing advancer (left), and installed inside a casing shoe (right). The casing advancer can be 
detached and withdrawn using the wireline. 

The DFDP-1A borehole proved particularly unstable in the 80–90 m interval. The tremie tube, 
used to flush the borehole with water, hit an obstruction at 90 m (very close to the fault). As 
the breach was cleared, there was a spectacular sucking sound and the water level very 
rapidly fell out of sight of the top of the casing in just a few seconds. This is clear evidence 
that low fluid pressures and high permeability existed immediately beneath the fault (see 
later section on hydraulic observations). The base of DFDP-1A was then filled with cement-
bentonite grout, to ensure no hydraulic connection across the fault, and an 81 m HWT casing 
string welded in place to secure the upper part of the borehole. 

A summary geological log for DFDP-1B, casing and fill description, and observatory layout is 
given in Figure 15 and described in more detail in sections below. Core recovery is shown for 
both wells in Figure 16. 
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Figure 15 DFDP-1B summary geological log, casing and fill completion, and instrument locations. 
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Figure 16 Core recovery from boreholes DFDP-1A and DFDP-1B. 

7.0 NOTES REGARDING VERTICAL DATUM 

Depths in a borehole are fundamental to many types of measurement and operational 
decision-making, but it is impractical to use the same datum for all purposes at all times. 
Therefore, corrections must be applied to align different observations correctly after the fact. 
This was done using corrections explained below. 

The top of a casing may be cut off or have material welded to it in response to operational 
needs. Therefore, we defined a mark on the 150 mm (outer) casing that was 150 mm below 
the top of the casing after it was installed. We monitored this mark, to check it did not move, 
but this casing was very firmly hammered in place (and grouted, in the case of DFDP-1B) 
and did not move noticeably. This mark was our primary vertical datum (Figure 17). 
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Driller’s depths were supposed to be given relative to this datum, but due to a discrepancy in 
the length of the core barrel used, the depths reported by the drillers were 70 mm too deep. 
This is generally insignificant, when compared to the uncertainty related to the mismatch 
between recovered core length and drilling distance. 

Wireline logging depths measured in DFDP-1B were relative to the top of PW (130 mm) 
casing, which (during logging) was 230 mm above the 150 mm casing, and thus 380 mm 
above our primary datum. 

Inspection of the logging contractor’s report and field logs for DFDP-1B reveals that the 
original logging files were corrected for a datum of 230 mm and the depth-error recorded as 
each tool was removed from the borehole. The filenames of the processed logs received 
from the contractor reflect these changes.  Moreover, these corrections have been 
separately verified by cross-correlating the natural gamma curves (or the slowness curve for 
the sonic tool) in the original and processed logs for five logging runs: 

Table 1 Summary of depth adjustments made to five DFDP-1B logs by the logging contractor.  

Tool Datum offset 
assumed by 

logging 
contractor (m) 

Depth error 
(m) 

Depth 
adjustment 

made by 
logging 

contractor (m) 

Lag 
corresponding 

to maximum 
correlation (m) 

Note 

9239 (rods) 0.23 –0.05 –0.18 –1.30 Tool fault 
during run 

9055 0.23 –0.05 –0.18 –0.16  
9239 0.23 –0.14 –0.09 –0.12  
9310 0.23 –0.10 –0.13 –0.08  
9804 0.23 –0.58 0.35 0.35  

With the exception of the first density tool run (in rods), during which the logging system 
crashed and the depth record was corrupted, the depth adjustment made by the contractor 
agrees to within 0–5 cm with the lag between the original and processed curves. There is no 
evidence that correction has been made by the contractor for the extra 150 mm difference 
between the top of the 150 mm casing and the primary vertical datum. Consequently, the 
depths and corresponding filenames in the processed DFDP-1B wireline data set should be 
treated as 150 mm too great. 
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Figure 17 Definition of a primary vertical datum in each borehole, and other levels from which corrections 
were made. 

8.0 CORE PROCESSING AND LOGGING ON SITE 

The PQ (83 mm) diameter core was recovered from core barrels, cleaned by gentle washing 
with stream water, cut or broken into 1 m lengths, and placed in foam-lined PVC splits. 
Careful notes were made about the length of core recovered in each run, as well as obvious 
defects and shapes of the end of the core that might allow core sections to be matched to the 
previous run. The information about stickup and drilled length was recorded from the driller’s 
logs. 

It was particularly difficult to recover the c. 8- 12 cm long section of core within the core 
catcher intact. In DFDP-1A, various methods were tested to recover this core section, but it 
soon became apparent this was nearly impossible. For the deeper parts of DFDP-1A and all 
of DFDP-1B a log of the core catcher material was made immediately upon recovery; 
photographs were taken of it; its length was recorded; it was then removed from the core 
catcher using a hammer, which generally resulted in it breaking into fragments, and placed in 
a labelled bag. 

The core was not oriented when recovered. For the most part, it was not possible to match 
the end of one run to the next because the intervening core catcher material was not intact. 
Where possible, local orientation marks (blue and red lines as described below) were applied 
with respect to the metal splits. 

Preliminary logs of the fault rock lithology, obvious alteration mineralogy, and major defects 
were made on-site immediately after the core was retrieved. 



 

 

GNS Science Report 2011/48 17 
 

        
Figure 18 Core was cleaned, marked, transferred from the metal splits and described at the initial core 
processing table (left); and then moved, logged, photographed, shrink-wrapped in plastic, and stored in core 
boxes (right). 

Two sorts of samples were taken from the core onsite. 

1. ~1cm3 samples were recovered from particularly clay-rich intervals before the core 
was first cleaned. Further samples of this type were sporadically collected from the 
cleaned core by the loggers. In order to preserve their delicate structure these 
samples were carefully placed in small plastic bags, then into plastic pottles. They 
were stored for <8 hours onsite in a chilly bin, then transferred to a freezer at the 
accommodation complex. They remained frozen until they were shipped to 
collaborators in ~ July 2011. 

2. Small (~10–20g) samples were recovered from each core section (that would be 
individually plastic wrapped), for measurements of moisture content and density 
(MUD). Additional samples were taken within core sections if major lithological 
changes were observed, such as from intact mylonite to clayey cataclasite. For these 
measurements, the samples were weighed (to 2 d.p. accuracy) onsite, then stored 
carefully by being packed with a small piece of foam in individual plastic pottles to 
preserve their volume/shape. The pottles were labelled with the depth from which the 
sample was recovered, hole number, and ‘MUD’. It is intended that sample volumes 
will be determined with a pycnometer. Density and moisture content will then be 
calculated after drying and re-weighing the samples. 

After logging was complete (usually within ~1 hour of recovery of the core section from the 
borehole), the core sections were sealed in plastic, placed in temporary wooden core boxes, 
and stored for up to 2 weeks on-site (un-refrigerated), before being transported to Dunedin. 

8.2 GENERAL NOTES ON CORE HANDLING 
1. Gloves worn at all times when handling DFDP-1A core; worn sporadically when 

handling DFDP-1B core. 

2. During handling, the core was always positioned so that the top of the core section 
was to the left of the handler to minimise the possibility of confusing way up. 

3. To prevent drying out, cores were covered with glad wrap whenever exposed to air 
for extended periods of time.  Glad wrap was not reused between core sections, as 
this could lead to transfer of mineral fragments. 

4. NZ date system (day/month/year) and NZ daylight time was used (GMT +13). 
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8.3 CORE COLLECTION AND INITIAL PROCESSING PROCEDURE 

This procedure is as carried out in DFDP-1B. During DFDP-1A, some of these protocols 
were still being established so rare departures from the procedure did occur. 

8.3.1 Instructions for core processors 

1. From the driller, get: 

run #, start time, stop time, drill string length, stick up at start, stick up at end 

and fill in the Core Recovery log box 1. Calculate start and end depth below datum 
from the formula 

depth = drill string length – stick up – correction (usually a constant value) 

2. Core pump out – Measure length of core in core catcher. Photograph core catcher 
and ensure that core-logging geologist examines this section and fills in the core 
catcher log. Remove core from catcher (at which stage it will probably break) and bag 
it as a catcher sample. Label with date, “DFDP1A/B”, CC, core run number, depth 
from the top of that core run. If core catcher section is recovered intact, add it to the 
main core section, orient it to the core if possible, and mark with red/blue lines as for 
main core section. 

3. Driller will place core in metal split onto processing table. Ensure top is to the left. 

4. Take a photograph of the entire core in the metal split, with the top of the core to the 
LHS of the photo and the red and white tape measure scale on your side of the core. 

5. Fit core together. (minimize gaps, remove particles that stop good fits, note features 
on fracture surfaces) 

6. If clay zones are evident, collect clay samples according to the clay sampling 
protocol, below. (distinguish natural clay from injected (drill fluid and cuttings) clay; 
the latter does not need to be sampled) 

7. Clean core by gently washing it with a paintbrush and spray bottle. Putty knife may be 
used to scrape sticky goop off (putty knife should be used gently to prevent damage 
to delicate/soft core). If cleaning results in significant damage to core, do not carry it 
out. In general, vigorous washing should be avoided, particularly for clay-rich 
intervals. 

8. Fit core pieces together, including to end of the previous run. Identify places where 
core has been lost by grinding (spin within the core), washed out material, etc.. Look 
for undercut at top (= core that was drilled but not recovered in previous run), or face 
break lip at downhole end of core. Record these details visually in the core recovery 
log. Note nature of core loss in ‘features’ column. Advise driller if it is apparent  that a 
significant amount (>5cm) of core remains in the hole. 

9. Note, graphically, locations of particularly interesting geological and structural 
features (e.g. clay zones) on Core Recovery log. 

10. Scribe blue and red lines down your side of the split, working from top to bottom (L to 
R). The red line goes above the blue line, silver line on side of core away from you.  

[Note: ICDP convention is red on RHS facing up the core. Andrill convention is red on 
LHS facing up the core.] 

11. Find fit of core to previous run. If you can fit the sections, record the relative 
orientations of the red and blue lines on each section in in Box 2 of the core recovery 
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log. Mark the locations of both red and blue lines on both core sections in Box 2. 
Angular measurements should be made clockwise when facing down the core. 
Record depth at which the angular measurement was made. Also mark across the 
join with two yellow lines. [Note: in practice this was rarely done since core sections 
could not be matched except in one or two cases]. 

12. Break core into 1m splits/joints (use chisel + hammer or tile saw). 

13. Lay 1 m length of pvc pipe containing foam strips on the sides over core and roll 
core/splits into it. Wash new top side and photograph.  

14. Put foam markers for depth of top and bottom of core and insert labelled foam 
markers where there is lost core. Label depth on marker block. Label if this is: start of 
run (SOR), end of run (EOR), start of core (SOC), end of core (EOC), or a split in a 
core section (split). 

15. Take a photograph of the entire core, including the labelled foam markers, with the 
top of the core to the LHS of the photo and the red and white tape measure scale on 
your side of the core. This may be a series of photos; in which case start at the top 
(LHS) of the core section. 

16. Place core section on core loggers’ table. Lay glad wrap over all sections to preserve 
moisture content and tuck outside pvc split. 

8.4 CORE LOGGING AND SUBSAMPLING 
17. Logging geologist photographs core in boxes [note: this was not uniformly done]. 

18. Logging geologist should collect samples for moisture content and density (MAD) 
measurements according to the protocol below. 

19. Logging geologist should collect samples of clay zones that were not sampled by core 
processors according to clay sampling protocol below. 

20. Logging geologist logs core onto the ROCK LOG template. Key observations are 1) 
Lithology, 2) colour, 3) locations, styles, and orientations of structures, including 
drilling and handling-induced fratures, 4) engineering rock quality. Please try to 
preserve original moisture content by covering core sections with gladwrap when you 
are not looking at them. 

21. Wrap core: 

21.1 Turn on the sealing “iron” to the black mark.  It takes several minutes to warm up 
properly. 

21.2 Pull enough shrink wrap off the spool and insert a core section. Position the core 
section against the wood blocks and cover the section with the PVC half round to 
prevent shrink wrap from being scorched by iron. 

21.3 Seal the shrink wrap by running the iron over the red rubber surface. Gently pull on 
plastic seam to make sure plastic sheeting is well bonded to itself. 

21.4 Heat shrink the plastic onto the section with the heating gun until the wrap shrinks 
tightly against the core. 

22. Label box with project number, core number and depth that core section represents 
on the ends of the box adjacent to each core section, and on one end of the box.   

23. Move boxed core to long-term storage tent at DFDP Office at the end of your shift. 
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24. Enter log into template on desktop at White Heron [Note: this was not uniformly done 
during the project; instead it was undertaken on return to Dunedin]. 

8.4.1 Clay sampling procedure 

1. Clean the sampling tools by washing with a stream of water (not in a bucket) in prep 
for any clay sampling. 

2. Carefully remove a <1cm3 sliver, cube or chip of the clayey material using a clean 
spatula or putty knife. If possible the sample should be triangular in shape, with the 
apex pointing downcore. It is not necessary to clean the sample in any way.  

3. Photograph the site that the sample was recovered from. 

4. Prepare a plastic bag for the sample, with masking tape on the outside labelled using 
a sharpie with “DFDP1A/B”, core run number, absolute depth and date.  

5. Carefully place sample in the plastic bag and seal it. Place plastic bag in a pink-
topped urine pottle. 

6. Apply the same labeling to the lid of the urine pottle with a sharpie. 

7. Place urine pottle in chilly bin. 

8. At end of shift, take samples and chiller pad back to freezer at the White Heron.  

9. At start of your next shift, bring two frozen chiller pads back out for the chilly bin. 

8.4.2 Moisture content and density (MAD) sampling procedure 

These subsamples should, at a minimum, be collected at the centre of every metre core 
section (that is to be individually wrapped). All lithologies in each core section should be 
sampled; thus more than one sample may be required from each metre section. 

1. Input core run number and depth from top of that core run into MAD log sheet. 

2. Weigh a pink-topped urine pottle and record weight in table.  

3. Carefully remove an ~1cm3 sliver or chip of the clayey material using a clean spatula 
or putty knife. 

4. Place the sample in the urine pottle. 

5. Weigh pottle + sample and record weight in table. 

6. Label pottle lid using a sharpie with “DFDP1A/B”, core run number, depth from the 
top of that core run. Write the same information on a piece of masking tape and stick 
that to the side of the pottle. 

7. Place pottle in MAD storage box. 

8. Enter data into spreadsheet on desktop at White Heron Motel. 

8.5 LESSONS LEARNED 

The following notes were made by those people handling core and collating the log 
information upon return to Dunedin: 

1. It was commonly observed that people had put the wrong run number label in photos. 
To correct, suggest that, when anyone takes a photo in the pvc splits, they need to 
have the polystyrene markers with depths in place and visible.  
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2. Number and azimuth of photos taken was variable. Suggest 3 photos for one 1m pvc 
split, and that the camera be held vertically above the core (or tripod mounted). 

3. Inconsistency is apparent, depending on logging geologist, in the way that the 
pictorial part of the recovery log was filled out. Suggest an example sheet to refer to 
should be posted in the core recovery area. 

4. The drill depth needs to be checked and recorded on the core recovery sheets – 
these should be consistent with the driller’s log but post-drilling checks reveal some 
weren’t. These have since been corrected. 

5. Use a sharp pencil when sketching core logs. We have to scan these and they need 
to be legible. 

6. Core logger needs to put their initials on the sheet, so that their photos can be 
obtained and any clarification sought. 

In the next stage, we need to be much more systematic about where photos of core are 
stored, and compiling and backing this record up daily. 

9.0 CORE HANDLING IN DUNEDIN 

At the end of the project, the core was moved to a refrigerated store in Dunedin. The store is 
not 'moisture-controlled'. 

Core was removed from its plastic wrap and more comprehensive defect logs were 
undertaken. At the same time, physical properties were logged using a Geotek Multi-sensor 
Core Logger. This process yielded records of P-wave velocity (largely unsuccessful due to 
the core’s fragility and high attenuation), gamma density, circumferential core image 
constructed from three line scans. 

The core was then re-wrapped and returned to refrigerated storage. 

Further details of the core handling and subsequent sub-sampling will be included in a 
separate document. 

10.0 WATER LEVEL MEASUREMENTS AND HYDRAULIC EXPERIMENTS 

10.1 A NOTE ON TIME ZONES 

New Zealand Standard Time (NZST) is 12 hours ahead of Coordinated Universal Time 
(UTC), which was previously (before atomic clocks) referred to as Greenwich Mean Time. 
New Zealand Daylight Time (NZDT) is locally used during summer months and is one hour 
ahead of NZST. Local times recorded in notebooks during this experiment were New 
Zealand Daylight Time (NZDT). All electronic data loggers used in this experiment record 
time as UTC. 

NZDT = NZST + 01:00 = UTC + 13:00 

10.2 WATER OR MUD LEVELS IN WELLS 

All times are NZDT, unless explicitly stated otherwise. 
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DFDP-1A. 21/1/2011, 14:00. 
Borehole water level before diamond drilling. 17.86 m below top of 150 mm casing. 

DFDP-1B. 28/1/2011, 09:00. 
Borehole water (mud) level 6.19 m. No drilling activity since 17:00 previous day (drilling 
depth 39.9 m). 

Table 2 Slug test DFDP-1B. 28/1/2011, 09:00. Mud in hole, topped up with water. 5 m of open hole 
(35-40 m). 

Time Depth 
(hr:min) (m) 
09:00 0.17 
09:01 0.29 
09:02 0.40 
09:03 0.51 
09:04 0.61 
09:05 0.70 
09:07 0.89 
09:09 1.07 
09:11 1.22 
09:13 1.36 
09:15 1.50 
09:20 1.83 
09:25 2.13 
10:00 3.48 
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Table 3 DFDP-1B. 2/2/2011. Borehole water (still mostly CR-650 mud) levels.  
Hole last flushed with fresh mud at 1/2/2011, 10:00. 

Time Depth 
(hr:min) (m) 
14:40 7.91 
15:32 7.70 
15:42 7.69 
18:41 7.58 

Table 4 DFDP-1B. 2/2/2011. Borehole water (still mostly CR-650 mud) levels during flow meter logs. Hole 
last flushed with fresh mud 1/2/2011, 10:00.  

Time Depth Notes 
(hr:min) (m)  
21:01 0.00  
21:02 0.05  
21:03 0.095  
21:04 0.145  
21:05 0.19  
21:06 0.245  
21:07 0.29  
21:08 0.335  
21:09 0.377  
21:10 0.427  
21:11 0.485  
21:12 0.52  
21:13 0.56  
21:14 0.605  
21:15 0.65  
21:16 0.69  
21:21 0.905 Tool out 
21:26 1.112 Tool in 
21:31 1.51 Tool out 
21:41 1.83  
21:46 1.98  
21:51 2.13  
22:01 2.44  
23:34 4.295  
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Table 5 DFDP-1B. 4/2/2011. Slug test after failed grout of fault zone and flushing with water the previous 
day. 

Time Depth 
(hr:min) (m) 
07:25 0.11 
07:45 2.13 
07:54 2.76 
07:59 3.19 
08:05 3.57 
08:10 3.90 
08:16 4.17 
08:23 4.45 
08:30 4.72 
08:42 5.16 
08:55 5.46 
09:07 5.77 
09:20 6.01 
09:33 6.19 
09:45 6.36 
10:03 6.53 
10:20 6.71 
10:46 6.87 
11:10 6.99 

The recording hardware for the deepest piezometers started to record at the end of this slug 
test.  Each grouting and flushing operation was recorded on the piezometer array. 



 

 

GNS Science Report 2011/48 25 
 

Table 6 Operations in DFDP-1B following a slug test and the start of piezometer array recording. 

Date Time 
(NZDT) Operation Date Time 

(UTC) 
4/2/2011 12:00 Borehole refilled with water and pressure sensors show 

hydrological connection across fault. 
3/2/2011 23:00 

4/2/2011 14:45 Grout pumped in to seal fault (after finishing drilling of 
DFDP-1A). Pressures sensors show that hydrological 
connection sealed by setting grout at c. UT 4/2/2011, 
02:30. Flushing above grout completed by UT 4/2/2011, 
06:15. 

4/2/2011 01:45 

5/2/2011 08:00 Static water level measured in sample tube was 39.02 m. 4/2/2011 19:00 
5/2/2011 08:27 Sample tube filled to top. 4/2/2011 19:27 
5/2/2011 09:30 Hole flushed for approximately two hours as sand added. 

Top of basal grout at c. 119.4 m. 
4/2/2011 20:30 

5/2/2011 13:00 Grout pumped into interval 112.7 m to 95.0 m. Grout sets 
by UT 5/2/2011, 01:25. 

5/2/2011 00:00 

6/2/2011 09:30 Slug test. 5/2/2011 20:30 
6/2/2011 12:24 Second piezometer string (92.4, 72.4 m) started recording 

after lowering in on wire rope. 
5/2/2011 23:24 

6/2/2011 13:00 to 
14:45 

Sand added from 95.0 m to 90.5 m, borehole flushed 
during sand addition. 

6/2/2011 00:00 
to 
01:45 

6/2/2011 15:30 Grout pumped into hole to fill interval 90.5 to 74.0 m. 6/2/2011 02:30 
6/2/2011 17:00 Sand added to fill interval 74.0 to 69.0 m. 6/2/2011 04:00 
7/2/2011 09:15 Grout pumped into hole to fill interval 69.0 to 53.0 m. 6/2/2011 20:15 
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11.0 WIRELINE LOGGING 

Wireline logging was carried out by Gareth Hay from Subsurface Imaging. Wireline tools 
(Table 7) were not available immediately after completing the initial coring of DFDP-1A 
(23/1/2011), due to delays in the arrival of equipment caused by slow customs clearance of 
instruments that had been shipped from Century Geophysical (http://www.century-geo.com), 
USA. Wireline logging of DFDP-1B commenced soon after reaching the maximum depth 
(1/2/2011). DFDP-1A was then deepened, flushed and logged (4/2/2011). 

Table 7 Wireline tools run in DFDP-1 boreholes. ‘Tool’ refers to Century Geophysical tool number 

Tool Name Serial number System version Observations 
9804A Acoustic 

televiewer 
4553 3.59T Acoustic reflection amplitude and 

travel time to image borehole wall, 
natural gamma, borehole orientation 

9310A2 Full-wave 
sonic 

654 3.59T 24 kHz source, 91.4 cm near 
spacing, 121.9 cm far spacing 

9410A Dipmeter 371 3.59T 4-pad micro-current resistance 
sensors, natural gamma, caliper, 
borehole orientation 

9055A Electric 
1 Ci Am241Be 
source 

33 3.59T Single-point resistance, spontaneous 
potential, neutron porosity, natural 
gamma, borehole orientation 

9239B Density  
200-300 mCi  
Cesium 137 
source 

2407 3.59T   Far density (35.8 cm spacing),  
near density (20 cm spacing), natural 
gamma,  
3-element guard resistivity, caliper 

9721SH EM flowmeter 1163 3.59T Rate of internal borehole flow 

11.1.1 Logging sequence 

DFDP-1B, 1/2/2011 

Density (9239) from 146.11 m inside 150 m HWT casing string with shoe bit. 

Dummy clear in open hole to 141.69 m. 

Televiewer (9804) from 139.76 m. 

Electric (9055) from 138.88 m. 

Full-wave sonic (9310) from 138.71 m. 

Density (9239) from 138.84 m. 

Dipmeter (9410) from 138.26 m. Power supply problem in tool, in response to low 
resistivity rock. 

DFDP-1B, 2/2/2011 

Dummy clear in open hole to 138.92 m. 

Full-waveform sonic (9310) from 136.72 m. Alter acquisition parameters. 

EM flowmeter (9721). See notes below. 

http://www.century-geo.com/
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DFDP-1A, 4/2/2011 

Density (9239) from 96.37 m inside HWT casing string with shoe bit. 

HWT casing withdrawn to 81.6 m depth. 

Dummy clear in open hole below casing to 94.13 m. 

Electric (9055) from 92.39 m. 

Full-wave sonic (9310) from 92.17 m. 

Density (9239) from 92.19 m. 

Dipmeter (9410) from 92.12 m. Power supply problem in tool, in response to low-
resistivity rock. 

DFDP-1A, 5/2/2011 

HWT casing advanced and used to flush hole, then withdrawn. 

Dummy clear in open hole to 81.43 m. 

Electric (9055) from 79.26 m. 

Televiewer (9804) from 79.79 m. 

Full-wave sonic (9310) from 79.10 m. 

Density (9239) from 78.96 m. 

Dipmeter (9410) from 78.77 m. Still problem with tool. Worn pad 4? 

A summary of the depth ranges logged with each tool in each borehole is illustrated in Figure 
19, and the specifications of each tool, and matters that arose during logging, are provided in 
the following sections. 
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Figure 19 Summary of the depth intervals logged with each tool in DFDP-1A and DFDP-1B.  The text labels to 
the left of the figure provide the filenames of the processed logging data provided by the contractor. 



 

 

GNS Science Report 2011/48 29 
 

11.1.2 Century tool 9239: Density 

This tool was run inside the PQ drillstring and then again in the open-hole once a dummy 
sonde and other tools had been successfully run. No obvious problems were encountered, 
and reliable data were obtained with all sensors. 
 

 

Background Information 
The Series 9239, Compensated Density logging tool uses the two focused density detectors to 
compute borehole compensated density real time while logging. No post processing required to 
produce CDL bulk density. Additionally, the tool also records natural gamma, caliper, and 
focused guard resistivity. 

Features 

Properties Measured (see diagram) Tool Specifications 

1. Natural Gamma: 
2.2 x 10.16 cm (0.875 x4.0 in.) 
NAI Scintillation 
Offset: 21 cm (8.25 in.) 
2. 3-Element Guard 
Resistivity: 
127.6 mm (50.25 in.) guard 
electrode 
Offset: 63.5 cm (25 in.) 
3. Caliper: 
Motorized, uphole actuated 
35.6 cm (14 in.) or 20.3 cm (8 
in.) 
Offset: 210.8 cm (83 in.)  

4. Far Density: 
2.2 x 10.16 cm (0.875 x4.0 in.) 
35.8 cm (14.1 in.) spacing 
Offset: 243.3 cm (95.8 in.) 
5. Near Density: 
2.2 x 3.2 cm (0.875 x1.25 in.) 
20 cm (7.9 in.) spacing 
Offset: 259.3 cm (102.1 in.) 
6. Source:  
200-300 mCi Cesium 137 in 
bullplug 
Offset: 274.3 cm (108.0 in.) 

Length: 280.3 cm 
(110.35 in.) 
Temperature: 85 C (185 F) 
Diameter: 56 mm (2.2 in.) 
Pressure: 175 kg/cm2 (2500 
PSI) 
Weight: 32.7 kg (72 lb.) 
Logging Speed: 9 m/min. 
(30 ft./min.) 
Tool Voltage Required: 56 
VDC  

Sensor Response Ranges 

Sensor Response Limits Accuracy 

Natural Gamma (NG) 0-10,000 API units +/-5% 

Short or Long Arm Caliper (CAL) 0 to 35.6 cm (14 in.) +/-0.635 cm (0.25 in.) 

Near Density (ND) 0.5 to 3.5 g/cc (0.02 to 0.13 lbs/ci) +/-0.05 g/cc (0.001 lbs/ci) 

Far Density (FD) 0.5 to 3.5 g/cc (0.02 to 0.13 lbs/ci) +/-0.05 g/cc (0.001 lbs/ci) 

Guard Resistivity (MG) 0 to 40,000 ohm meters +/-5%  

Tool Information 

Item Model # Part # 

Tool with NG, CAL, ND, FD, MG 9239 320900 

200-300 mCi Source w/Shield 
Cesium    please inquire 

Source Handling Tool   101501 

Calibration Gauge   212471 

Guard Resistivity Calibration Box   335227 
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11.1.3 Century tool 9804: Acoustic televiewer 

 

 

Background Information 
The Acoustic Televiewer takes an oriented "picture" of the borehole using high-resolution 
sound waves. This acoustic picture is displayed in both amplitude and travel time. This 
information is used to detect bedding planes, fractures, and other hole anomalies without the 
need to have clear fluid filling the boreholes. The televiewer digitizes 256 measurements 
around the borehole at each high-resolution sample interval (.005 meters/.02 feet). This data 
is oriented to North and displayed real-time while logging using the Visual Compu-Log 
software. Analysis includes color adjustment, fracture dip and strike determination, and 
classification of anomaly. It allows information to be displayed on the graphical screen, plot, 
and in report format. Optionally, the tool can be equipped with a natural gamma sensor. 

Features 

Properties Measured (see diagram) Tool Specifications 

1. Natural Gamma: 
Offset: 30.48 cm (12 in.) 
Scintillation (NG): 
0 to 10,00 API, Accuracy +/-5 percent 
2. Deviometer: 
Offset: 175 cm (69 in.) 
X-Y Inclinometer (XYI): 
0 to 90 degrees, Accuracy +/-0.5 degrees 
Azimuth (AZ): 
3-axis magnetometer 
0 to 360 degrees, Accuracy +/- 2 degrees 
3. Acoustic Amplitude & Acousitic Travel 
Time: 
Offset: 175 cm (69 in.), Accuracy +/- 2.55 mm 
(0.1 in.) 

Outside Diameter: 50.8 mm (2 in.) 
Weight: 14 kg (30 lbs.) 
Length: 193 cm (76.0 in.) 
Pressure: 105 kg/cm2 (1500 psi) 
Temperature: 85 C (185 F) 
Scan Rate: 12 revolutions/second 
Sample Rate: 256 samples/revolutions 
Borehole Size: 74 to 230 mm (2.9 to 9 
in.) 
Logging Speed: 2 m/min (6 ft/min.) 
Tool Voltage Required: 115 VDC 

Tool Information 

Item Model # Part # 

Tool with Acoustic Televiewer, XYI, AZ 8804 332004B 

Tool with Acoustic Televiewer, XYI, AZ, and Natural 
Gamma 

9804 332004A  

Deviation calibration test stand   317420 
 

 

http://www.century-geo.com/PD/9800-1-pd.html
http://www.century-geo.com/PD/9800-1-pd.html


 

 

GNS Science Report 2011/48 31 
 

11.1.4 Century tool 9055: Electrical log 

This tool yielded good data, particularly from DFDP-1B in terms of single point resistance 
and spontaneous potential, which correlate well with data from the density tool. 

 

 

Background Information 
The 9055 tool is a multi-parameter slim hole mining and hydrology tool which contains a 
single detector, neutron system using a 1.0 Curie, Am241Be source, to record neutron 
porosity of the formation. Additionally, the tool also records natural gamma, SP, single-
point resistance, and optionally, borehole deviation.  

Features 

Properties Measured (see diagram) Tool Specifications 

1. Vertical Deviation 
3-axis Magnetometers/2-
axis Inclinometers 
Offset: 53.3 cm (21 in.)  
2. Natural Gamma: 
2.5 x 10.1 cm (0.875 x 4.0 
in.) NAI Scintillation 
Offset: 114.3 cm (45 in.)  
3. Neutron Detector: 
He 1.0 x 6.0" 
Offset: 248.4 cm (97.8 in.) 

4. Neutron Porosity: 
Offset: 248.4 cm (97.8 in.) 
5. Spontaneous Potential: 
+/- 0.1 mv resolution 
Offset: 266.7 cm (105 in.)  
6. Single Point 
Resistance: 
+/- 0.1 ohm resolution 
Offset: 266.7 cm (105 in.) 
7. Source: 
1 Curie Am241Be 
Offset: 289.6 cm (114 in.)  

Length: 
289.6 cm (114 in.) 
Temperature: 
60C (140ºF)  
Diameter: 
46 mm (1.8 in.) 
Pressure: 
232 kg/cm2 (3000 PSI)  
Weight: 
32 kg (14.51 lbs.) 
Logging Speed: 
18 m/m (60 f/m)  
Tool Voltage Required: 
36 V   

 

Sensor Response Ranges 

Sensor Response Limits Accuracy 

Natural Gamma (NG) 0-400,000 API units +/-5% 

Spontaneous Potential (SP) -400 - +400 mv +/-5% 

Temperature (TEMP) 0 C- 70ºC (32 - 160ºF) +/-5% 

Single Point Resistance 
(SPR) 0-2,000 ohms +/-5% 

Neutron-Neutron (NN) 0-20,000 API +/-5% 

X - Y Inclination (XYI) 0-45 degrees +/-0.5 degrees 

Azimuth (AZ) 0-360 degrees +/-2 degrees 

Cost & Availability 
Item Model # Part # 

Tool with NG,  SP, SPR, NN, TEMP 9055  

Magnetic Deviation Option 9055  

Source w/Shield Am 241 Be   109901 

Source Handling Tool  101501 

Deviation Calibration Test Stand  317420 

SP/Resistivity Calibration Box  335230 
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11.1.5 Century tool 9310: Full-wave sonic 

Initial logging runs in DFDP-1B revealed high-amplitude “rail-road” stripes in the waveform 
data that obliterated the late arrivals (Figure XX). To try and mitigate these effects, the sonde 
was re-run several times using different gain settings. Subsequent analysis suggests the 
stripes correspond to seismic phases propagating along the borehole (most likely a Stoneley 
wave), and further work may enable them to be used to derive shear velocities. The natural 
gamma curve from this tool was unusable. 

 

 

 
Figure 20 Example waveform data from DFDP-1B showing high-amplitude arrivals, suspected to be Stoneley 
waves, arriving after the first break (file: DFDP-1B_02-02-11_13-33_9310A2_.02_44.03_138.13_PROC.log). The 
image on the left shows the near receiver waveform at a depth of 93.37 m. 

Data from the sonic tool have been successfully exported in SEG-Y format and repicked in 
Claritas to try and remove cycle-skipping errors introduced by the tool’s automatic first-break 
picking algorithm. Good agreement has been obtained between the new picks made in 
Claritas and the original picks.  However, further work is required to recompute P-wave 
slownesses and thus velocities, as the sensor offsets used by the sonic tool to compute 
slowness have not yet been fully worked out. 
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Figure 21 Left-hand panel: near- and far-offset first-break arrival picks made by the 9310 tool (nearOLD, 
farOLD) and in Claritas (nearNEW, farNEW). Lower-middle panel: histogram of differences in travel times 
between the near and far sensors, for the original picks and the new picks. The two sets of travel times are highly 
consistent, with a mean difference of c. 4 µs and a standard deviation of c. 15 µs. Upper-middle panel: cross-
correlograms showing consistency between the near and old travel time estimates (blue curve) but systematic 
offsets between the slowness results produced by the sonic tool and both the old travel time estimates (red curve) 
and the new travel time estimates (green curve). Right-hand panel: depth profile showing old (red curve) and new 
(cyan curve) estimates of P-wave slowness. Note that the new results contain fewer spikes. 
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 Background Information 

The 9310 tool contains a single transmitter and dual receiver to record formation travel times. 
The full wave form data is also recorded simultaneously, along with near and far travel times, 
borehole-compensated delta time, calculated sonic porosity, receiver gains, near/far amplitudes 
and natural gamma. The tool operates at 24 kHz and therefore the period is 41.7 μsec. The 
sonic or acoustic log uses the basic principle of sound waves traveling through a media. The 
Century sonic system uses a single transmitter and dual receiver system for recording the travel 
times of the formation. The receivers are spaced 0.9 and 1.2 m (3 and 4 ft.) from the transmitter. 
Therefore, a 0.3 m (1 ft.) calculation can be made to measure this interval transit time. 

Features 

Properties Measured Tool Specifications 

1. Natural Gamma: 
Mechanical centralizer, 2.5 x 
10.2 cm  
(1.0 x 4.0 in.) scintillation 
Offset: 22.9 cm (9 in.) 
2. Transmitter: 
24 kHz piezoelectric 
Offset: 91.4 cm (36 in.) 

3. Acoustic Isolator: 
Thermoplastic polyester 
Offset: N/A 
4. Near Receiver: 
91.4 cm (3 ft.) spacing 
Offset: 182.9 cm (72 in.) 
5. Far Receiver:  
121.9 cm (4 ft.) spacing 
Offset: 213.4 cm (84 in.) 

Length: 300 cm (118 in.) 
Temperature: 75ºC (167ºF) 
Diameter: 60 mm (2.4 in.) 
Pressure: 175 kg/cm2 
(2500 psi) 
Weight: 29.5 kg (65 lbs.) 
Logging Speed: 9 m/min@ 
0.06 SI  
(30 ft/min @ 0.2 ft SI) 

Sensor Response Ranges 

Sensor Response Limits Accuracy 

Near Receiver 4 to 4096 µsec +/-0.5 µsec 

Far Receiver 4 to 4096 µsec +/-0.5 µsec 

Delta Time 0 to 4096 µsec +/-1.0 µsec 

Sonic Porosity -10 to 100 +/-2% 

Amplitude (minimum) +/- 10 mv @ 256 g +/-5% 

Amplitude (maximum) +/- 1.5 volts @ 4 gain +/-5% 

Gains 4 to 256 +/-5% 

Natural Gamma 0 to 10,000 api +/-5% 
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11.1.6 Century tool 9410: Dipmeter 

Logging with this tool proved frustrating for two reasons. In both boreholes, the tool 
malfunctioned each time it passed through the (low-resistivity) PSZ, generating negative 
resistivity values on one or more pads. Secondly, the tool’s callipers were found to be poorly 
calibrated, yielding borehole diameter measurements approximately 2 cm greater than the 
measurements provided by the density and televiewer tools.  

To date, detailed analysis of the dipmeter data has not been conducted to examine whether 
the resistivity data can be satisfactorily used for structural measurements. A correction for 
the systematic bias in the caliper measurements is straightforward to make, based on the 
dipmeter’s response in the PW casing of known internal diameter and the other tools’ caliper 
data. 
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Figure 22 Borehole caliper measurements in DFDP-1B collected with the borehole televiewer (red curve), 
density tool (green curve), and dipmeter (blue curve), showing a systematic bias by approximately 2 cm in the 
dipmeter caliper data. 
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Background Information The 9410 tool is a formation strike and dip directional probe 
primarily used in mining and environmental logging applications. Additionally, the tool also 
records natural gamma, X-Y calipers, and borehole deviation is computed from the slant 
angle and bearing measurements calculated from the inclinometer and magnetometer 
sensors. To ensure accurate strike and dip measurements in small-diameter holes, special 
care should be taken when calibrating the calipers to maximize their accuracy. 

Properties Measured (see diagram) 
Natural Gamma:  
2.2 x 8.9 cm (0.875 x 3.5 in.)  
NAI (Tl) Scintillation 
Offset: 14 cm (5.5 in.)  
Slant Angle and Bearing Measurement:  
Offset: 67 cm (26.4 in.)  
Independent X-Y Calipers:  
Maximum 30 cm (12 in.) hole diameter 
Offset: 305 cm (120 in.)  
Currents:  
4-pad micro currents 
Offset: 305 cm (120 in.) 

Tool Specifications 
Length:  
323 cm (127 in.)  
Temperature:  
80ºC (185ºF)  
Diameter:  
57 mm (2.25 in.)  
Pressure:  
352 kg/cm2 (5000 psi)  
Weight:  
34.6 kg (76 lbs.)  
Logging Speed: 
Maximum: 5.5 m/min (18 ft/min) 
Recommended: 2.7 m/min (9 ft/min) 

Sensor Response Ranges 
Sensor 
Natural Gamma 
Caliper 
Currents 
Inclinometers 
Magnetometers 

Response Limits 
0 to 10,000 api units 
6.4 to 30.5 cm (2.5 to 12 in.) 
0 to 10,000 μa 
0 to 90 degrees 
0 to 360 degrees 

Accuracy 
+/-5% 
+/-0.5 cm (0.2 in.) 
+/-5% 
+/-0.5 degrees 
+/-2 degrees 

 



 

 

GNS Science Report 2011/48 37 
 

11.1.7 Century tool 9721: EM flowmeter 

This tool was only run in DFDP-1B, due to borehole instability in DFDP-1A. A detailed 
calibration of the tool was not performed prior to its deployment in the borehole, and only ad 
hoc estimates of the response to known flow rates were obtained. 

First, the EM flowmeter was operated within the PW casing.  When held stationary (zero flow 
rate), the count rate was 56887 CPS; when moving downwards through the casing at 1 
m/min, the count rate was 122450 CPS.  As the internal diameter of PW casing is 127 mm, 
the flow rate past the sensor corresponding to a 1 m/min descent rate is  πD2/4 = 12.6 l/min.  

Next, the tool was run at a variety of depths, as summarized in Table 8. The rubber gasket 
(“diverter”) was fixed at a position 1.29 m below the depth marker on the sonde, and the 
depth marker was positioned at a depth 1.19 m above the target depth of interest.  

Table 8 Summary of EM flowmeter logs in DFDP-1B. 

Time Sensor 
depth 

(m) 

Water level 
(rel. to 

PWT top, 
m) 

Notes 
 

Run 
number 

Filename 

18:40 127.5 7.58 Started 
recording 

5* DFDP-1B_02-02-11_18-
55_9721SH_.1_106.99_128.59_PROC 

18:51 127.5 – Started 
filling hole 

18:55 127.5 0.00 Borehole 
full 

19:32 127.5 0.00 Moving up 
2 m/min 

6 DFDP-1B_02-02-11_19-
45_9721SH_.1_99.99_128.59_PROC 

19:45 100.0 0.00 Started 
next station 

7* DFDP-1B_02-02-11_20-
01_9721SH_.1_89.99_101.19_PROC 

19:57 100.0 0.00 Finished 
station 

19:59 100.0 0.00 Moving up 
2 m/min 

8 DFDP-1B_02-02-11_20-
13_9721SH_.1_66.99_101.19_PROC 

20:15 67.0 0.00 Started 
next station 

9* DFDP-1B_02-02-11_20-
30_9721SH_.1_57.09_68.19_PROC 

20:28 67.0 0.00 Moving up 
2 m/min 

10 DFDP-1B_02-02-11_20-
41_9721SH_.1_49.99_68.19_PROC 

20:37 50.0 0.00 Started 
next station 

11* DFDP-1B_02-02-11_20-
51_9721SH_.1_39.99_51.19_PROC 

20:50 50.0 0.00 Moving up 
2 m/min 

12 DFDP-1B_02-02-11_21-
03_9721SH_.1_44.99_51.09_PROC 

20:55 45.0 0.00 Started 
next station 

13* DFDP-1B_02-02-11_21-
09_9721SH_.1_17.39_46.09_PROC 

21:25 45.0 1.112 Tool pulled 
up 

* Tool run in “time drive” mode while held stationary at an apparent logging speed of 1 
m/min. 
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Background Information 
The E-M Flowmeter tool is used in the environmental and hydrology industries to 
measure fluid movement in a borehole. It incorporates Quantum Engineering’s "EBF" 
electromagnetic sensor, The instrument measures flow rates using the principal of 
Faraday's Law of Induction. The downhole probe consists of an electromagnet and 
two electrodes located 180 degrees apart and 90 degrees to the magnetic field inside 
of a hollow cylinder. The voltage induced by a conductor moving at right angles 
through the magnetic field is directly proportional to the velocity of the conductor 
(water) through the field. The tool is capable of measuring  low velocity flow rates 
down to less than 50 ml/min and increased flow rates to 40 liters/min, through the 
tool's 1 inch inside diameter sensor. When using the tool to measure low velocity flow 
rates a rubber skirt is attached to the outside of the sensor to block off the bore hole 
and force the fluid to pass through the 1 inch diameter opening inside the sensor coil. 
The Compu-View Software program is designed to allow the automatic collection of 
data at selected static stations in the borehole. When measuring faster flow rates the 
rubber skirt is typically removed and the tool is run in either the static station or 
dynamic mode. The tool has no moving parts.  

Features 

Properties Measured (see diagram) Tool Specifications 

1. Flowmeter: Electromechanical 
Offset: 139.7 cm (55.0 in.) 
2. Fluid Resistivity: Offset: 139.7 cm (55.0 in.) 
3. Temperature & Delta Temperature : 
Offset: 139.7 cm (55.0 in.) 

Length: 142 cm (56.0 in.) 
Temperature: 60 C (140 F) 
Diameter: 41.3 mm (1.625 in.) 
Sensor Housing: 50.8 mm (2.0 in.) 
Weight: (13.5 lbs.) 
Tool Voltage Required: 64 VDC  

Sensor Response Ranges 

Sensor Response Limits Accuracy 

Flowmeter (EMF) 50 ml./min. to 40 
liters./min. +/-20 ml/min. (High Gain) 

Temperature (TEMP) 0 C to 60 C (32 to 
140 F) +/-5% 

Fluid Resistivity (FR) 0-100 ohm meters +/-5% 

Tool Information 

Item Model # Part # 

Tool with EMF, TEMP, FR 9721 300000A 

(included) 6.5 in. Diameter Flow 
Diverter Skirt (modifiable for use 
in hole from 3.75 in. to 6.25 in. 
diameter)  

    

(included) Centralizer     

(included) Weighted Section     
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12.0 OBSERVATORY OVERVIEW 

The primary observatory location is the DFDP-1B borehole, which has a seismometer near 
the base, a 25 mm ID alkathene fluid sampling tube (perforated above seismometer), four 
vibrating-wire piezometers with inbuilt temperature sensors, and 20 platinum RTD 
temperature sensors on two strings. An outline of the DFDP-1B borehole observatory 
configuration is shown in Figure 15. 

DFDP-1A was cased to 81 m depth and had a seismometer installed at the base of the 
casing. Sand was washed into place with a 25 mm ID tremie tube, to ensure mechanical and 
hydrological coupling of seismometers and piezometers to the borehole wall. The borehole 
was grouted (mix: 100-120 kg Portland General Purpose cement; 12-25 kg Ashapura Pilogel 
SP-200 bentonite; 170 l water). 

A container was installed above the DFDP-1B borehole, to house the battery-solar power 
supply and controlling and recording hardware. All observatory data files record times as 
Coordinated Universal Time, UTC = (New Zealand Daylight Time, NZDT) – 13:00. The first 
recorded observation was at UTC 2011-02-03, 22:06, which was 11:00 a.m. on 4 February 
2010 (local time, NZDT). 

    
Figure 23 Borehole seismometer attached to wire rope and sample tube (left), which created the spine of the 
DFDP-1B downhole installation. Top of DFDP-1B borehole visible through floor of container (right). 

    
Figure 24 Batteries and electronics (in yellow metal box) are housed inside the container (left), which is not 
yet securely fixed to the ground, but has large boulders piled around it (right) to restrict any movement (e.g. in the 
event of a flood). 
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Figure 25 Observatory container upgraded with sign explaining site, solar panels, and protective sheath for 
GPS and solar power cables. Further upgrade is expected (e.g. concrete foundations and near-surface sensor 
vault) when the site becomes a formal GeoNet monitoring site. 

12.1 GEOKON PIEZOMETERS 

Four vibrating wire piezometers supplied by Geokon were installed in the DFDP-1B borehole. 
These are connected to two AVW200 vibrating wire interfaces. The serial numbers of the 
AVW modules and the piezometers attached to each are summarised in Table 9 below. 

Table 9 Piezometer Connections 

Logger Serial Port AVW200 Serial # AVW200 Port Piezometer Serial # 

CR3000 
COM1 4458 

1 1037359 
2 1037360 

COM2 4459 
1 1041369 
2 1042572 

Each Geokon piezometer was supplied with a calibration sheet containing calibration factors 
specific to that piezometer. These calibration factors were included in the CR3000 logger 
program; therefore, it is important that each piezometer be connected to the appropriate 
channel to obtain correct results. For piezometer calibration data, see Appendix 1. 

Pressure offsets were removed by recording a zero reading at the bore-hole site, with the 
piezometers at ground level under stable temperature conditions. This zero reading is 
incorporated into the calibration equation, so that all piezometers read close to zero at 
ground level at the site, and all pressure values are relative to ground level. Pressures are in 
kPa. Note that no compensation is made for barometric pressure changes. 

12.1.1 Piezometer calibration 

The vibrating wire piezometers produce an output which is the resonant frequency of the 
sensor in Hz. The resonant frequency is converted to a ‘Reading’ R, which is defined as: 

R = F2 / 1000 
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Where F is the resonant frequency. 

The pressure value for the piezometer is calculated with the following calibration equation: 

P = G(R0 - R) + K(T - T0) - (S - S0) 

Where:  P = Pressure (kPa) 

G = Gage Factor 

R = Reading (digits) 

T = Temperature (Deg C) 

S = Barometric Pressure (kPa) 

R0, T0 and S0 are the Reading, Temperature and Barometric Pressure 
(respectively) recorded during zeroing. 

The term (S - So) applies an atmospheric pressure correction. This correction is not currently 
used in the DFDP installation. The atmospheric pressure as recorded by the Setra barometer 
should be compared to the piezometer results, and a correction made if necessary. 
Calibration values for the piezometers are shown in the table below. 

Each piezometer was zeroed at ground level at the site, and a piezometer reading, 
temperature and barometric pressure were recorded. This ensures that all pressure readings 
are relative to ground level pressure. 

The piezometers also contain a thermistor to record temperature. The AWV200 module 
samples the resistance of this thermistor. The resistance is converted to temperature using 
the following equation: 

15.273
 )Ln(R) . (T  Ln(R)) . (T  T

1
3

CBA

−







++

=T  

Where :  R = Thermistor Resistance 

TA = 1.4051 x 10-3 

TB = 2.3690 x 10-4 

TC = 1.0190 x 10-7 
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12.1.2 Piezometer calibration 

Table 10 Piezometer calibration data 

Piezometer G* K* R0** T0** S0** Location 

1037359 0.5756 0.5187 8701.56 16.07 99.64 P1 
1037360 0.5743 0.6913 8607.41 15.98 99.64 P2 
1041369 0.5440 0.1496 8795.98 14.54 99.14 P3 
1042572 0.2932 0.1367 8904.59 14.86 99.14 P4 
1036513 0.1078 -0.0800 8737.25 16.31 99.64 N/A 
1036516 0.1070 -0.0795 8760.42 16.51 99.64 N/A 

* Value supplied by Geokon 

** Value measured at site 

12.2 RTD TEMPERATURE SENSORS 

We constructed strings of resistance temperature detectors (RTD), which are platinum 
resistors with a nominal resistance of 100 Ohm at 0°C and known variation of resistance with 
temperature. 

   

   
Figure 26 Resistance temperature devices (RTDs) were spliced into a kevlar-reinforced cable, taped, sealed, 
shrink-wrapped, then shrink-wrapped again to produce the temperature sensor arrays. 

Two strings of RTD temperature sensors were installed in the bore hole. Each string 
consisted of nine or eleven platinum wire RTD temperature sensors wired in series. Each 
RTD had a voltage sense wire attached to it, connecting the RTD to an input channel on the 
logger. A constant current of 2.5 mA was passed through the RTDs from the logger. The 
voltage across each RTD was then read by the analog input channels of the logger and 
converted to resistance by dividing by the current. 

Note that apart from the uppermost RTD in each string, each RTD has only a single voltage 
measurement wire attached. The other side of the voltage measurement is taken from the 
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sense wire on the next RTD in the chain. As a result, the voltage measurement includes 
some voltage drop in the wire between sensors (i.e. the current loop wire). 

To remove voltage (and hence resistance) offsets, each RTD string was connected to the 
data logger and placed in running water in a river channel. The sensors were allowed to 
equilibrate with the water, and an offset was recorded for each RTD. It was assumed that all 
sensors would be kept at the same temperature by the surrounding water. 

The RTD sensors were connected to the differential voltage inputs on the CR1000 and 
CR3000 loggers. A differential input has ‘H’ and ‘L’ terminals (‘High’ and ‘Low’, respectively). 
The logger measures the voltage difference between the H and L inputs, with the result being 
negative if L is at a higher voltage than H. 

For the purposes of reading the RTD sensors, the sense wire from below each RTD was 
connected to the L input of a logger channel, while the sense wire from below the next RTD 
in the chain was connected to the H input. This sense wire was also connected to the L input 
of the next channel, for measurement of the next RTD (see circuit diagrams for more details). 
To simplify the connection of the RTD strings at the site, a wiring loom was assembled which 
had a terminal block at one end (to which the RTD string was attached), and the required 
wires to connect the logger channels at the other end. 

The first 8 RTD sensors from the 9 probe RTD string (‘Cross-Fault’) were connected to the 8 
differential inputs of the CR1000 (lowest number channel corresponding to lowest RTD on 
the string). The 9th RTD was connected to differential channel 1 of the CR3000. The 11 RTD 
sensors on the ‘Above Fault’ string were connected to differential channels 2-12 of the 
CR3000. 

A fixed current was passed through each RTD string, and the voltage across each RTD was 
then measured, allowing the RTD resistance to be calculated with Ohm’s Law (V = I x R). 
The current was supplied by the logger’s Current Excitation Outputs (IX1 and IX2). Note that 
only one current output can be active at a time. The logger program switches on the 
appropriate current output, waits for a delay to allow the current to stabilise, then reads the 
RTD voltages. 

See the ‘Logger Program’ section for notes on the logger program required to read the 
voltage values from the RTD strings. 
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12.2.1 Temperature sensor array 1 wiring 

 
Figure 27 Wiring diagram for temperature sensors spaced at 20 m intervals (array 1). 
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12.2.2 Temperature sensor array 2 wiring 

 
Figure 28 Wiring diagram for temperature sensors unevenly-spaced near the fault (array 2). 
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12.2.3 RTD resistance offsets 

RTD temperature strings were calibrated relative to each other and to a temperature 
recorded by piezometer #1036513. This was done by tying the RTD string in a bundle so that 
all the sensors were close together, along with the piezometer. The bundle was then placed 
in flowing water in a river, and allowed to equilibrate. The resistance measured by each RTD 
was then recorded. We assume that the difference in resistance under these conditions is 
caused by variations in the length of wire between RTD sensors. 

The data loggers excite a current of 2.5 mA through each RTD string during sampling. 
Voltages measured across each RTD are converted to resistance and temperature as 
follows: 

R = V / 2.5 (Convert voltage to Resistance) 

RC = R - RO (Apply offset) 

T = (RC – 100) / 0.385 (Convert to temperature) 

Where R is resistance (Ohm), V is measured RTD voltage (mV), RC is corrected resistance 
(Ohm), RO is resistance offset from calibration measurement (Ohm), and T is temperature 
(Deg C). 

Resistance and temperature values for each RTD are calculated in the logger program using 
the above equations. The temperature values can be viewed with a laptop connected to the 
logger, but only the corrected resistance RC is stored in the final data storage table. 

Table 11 Resistance offsets measured in calibration experiment. 

Current Loop Result # D RO 
IX2 1 0 0.9424 

 2 20 0.9346 
 3 40 0.9716 
 4 60 0.955 
 5 80 0.9838 
 6 100 0.9756 
 7 120 0.9756 
 8 140 0.9786 
 9 160 0.0056 

IX1 10 0.0 0.0145 
 11 0.2 0.0359 
 12 0.4 0.0833 
 13 0.6 0.1179 
 14 0.8 0.2797 
 15 1 0.3571 
 16 2 0.1253 
 17 4 0.1291 
 18 6 0.1372 
 19 8 0.1209 
 20 10 0.0381 
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‘Current Loop’ refers to the logger current output used to power the RTD string. ‘Result #’ 
refers to the position of each RTD result in the array of results. ‘D’ refers to the distance of 
each RTD from the bottom end of the respective string. RO is the resistance offset for the 
RTD. 

12.3 SETRA BAROMETER 

A Setra barometric pressure sensor is used to measure barometric pressure at the site. The 
Setra output was connected to differential channel 14 on the logger. 

The Setra requires 12 volt power [Correction noted later: Setra requires 24 V power; 
configuration below did not work accurately]. The output is a differential voltage between the 
output wires, in the range 0-5 volt, which corresponds to a pressure range of 80 – 110 kPa. 
However, due to the internal configuration of the Setra, these outputs must not be connected 
to ground at any point if the power negative is also connected to ground (which is true when 
connected to a data logger) – i.e. the Setra outputs float at a value between ground and 12 
volts. To ensure that the voltages on the logger input channel remained within the common-
mode range of +/- 5 volts, a 3:1 voltage divider was connected to each Setra output wire. 
Voltage dividers were constructed from 2.2 kOhm and 1.1 kOhm resistors (1% tolerance). 
Figure 4 shows the Setra wiring including the voltage dividers. The resistors were 
incorporated into the end of the Setra cable for convenience. 

 
Figure 29 Setra barometer interface wiring 

12.4 CR3000 DATA LOGGER 

The primary data measurement and recording functions at the DFDP-1 site are carried out by 
a Campbell Scientific CR3000 data logger. This logger has 14 differential voltage input 
channels that can be sampled by the logger program, as well as voltage and current outputs 
for powering sensors and a number of digital I/O ports. The sensor arrays are sampled every 
15 seconds, and an average of four values is stored in the logger memory every minute. 
Stored records include timestamp information derived from the internal logger clock. 

Logger operation is controlled by a program written in CRBasic, a BASIC-derived 
programming language. Data acquisition and storage are carried out on a schedule using the 
logger’s internal clock. The clock is operated by an internal lithium battery, so the time is 
maintained if the main logger power is disconnected. The logger program and recorded data 
are stored in non-volatile memory, and are also retained if the power is disconnected. When 
power is connected again, the logger will restart the program and continue recording data. 
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Analog input channels on the logger are used for RTD temperature probes (channels 1 – 12) 
and a Setra barometer (channel 14). 

The logger has three precision current outputs (IX1 – IX3), which are used to supply a known 
current to the RTD temperature strings (see below). Voltage limits of each current output 
should be considered when attaching sensors, as the desired current may not be output if 
the sensor resistance is too high. 

Digital I/O ports C1 – C4 are used to provide serial communications to the AVW200 modules 
(see below). They are configured as three wire RS232 ports. C6 is similarly configured and 
used to communicate with the secondary logger (CR1000, see below) via an RS232 
connection. Note that serial data are received from the CR1000 but never sent, so the Tx 
wire (C5) is not required. 

Digital I/O port C7 is used as a signal wire. This wire is raised from ground potential to 5 volts 
to signal that the CR1000 logger needs to make a measurement. 

Power for the secondary logger (CR1000) and AVW200 modules is provided by the 12V 
output terminals on the CR3000. Note that these are unregulated (i.e. they will be the same 
as the battery voltage). The Setra barometer is powered by the SW12-1 switched power 
output, which can be controlled by the logger program. 

 
Figure 30 Data logger equipment used for the DFDP-1 observatory 
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For detailed information and documentation for Campbell Scientific products, see 
http://www.campbellsci.com/. 

12.4.1 Flash card module 

The CR3000 has internal memory which allows approximately 20 days of data to be stored in 
the configuration we are using. To increase the data storage capabilities, a CFM100 flash 
card module is connected to the CR3000 logger. Compact Flash cards of up to 2 GB may be 
used. Cards should be formatted with the FAT32 filing system and should be empty when 
installed. The card should be installed before the logger is turned on. If a card is found, the 
logger will create a binary data storage file on the card (this may take several minutes). 
When a flash card is used, the card will contain all data recorded, and the logger memory will 
contain the most recent 20 days (approximately). For instructions on changing the flash card 
or collecting data from it, see the Data Collection Notes section below. 

12.5 CR1000 DATA LOGGER 

A Campbell Scientific CR1000 data logger is used as a secondary sampling device, to 
provide an additional 8 differential input channels. This logger is similar to the CR3000, but 
has fewer analog and digital channels. 

The analog channels on the CR1000 are used to sample 8 of the RTD temperature probes. 
These must be sampled while the appropriate current excitation output (IX2) of the CR3000 
is active. To achieve this, the CR1000 uses a simple program which includes an instruction 
to wait for a trigger on the digital I/O port C3. When this port changes from low to high 
voltage, the CR1000 will wake up, measure 8 differential input channels, and transmit the 
results as RS232 serial data (ASCII format) on digital I/O port C1. The CR3000 program will 
raise the control line once IX2 has been turned on, and then wait one second for sampling to 
be carried out. Serial data sent by the CR1000 will be stored in a buffer on the CR3000 as it 
is received, and subsequently converted back to numeric values. 

The CR1000 program used in this instance is unusual in that it does not use the internal 
logger clock for scheduling measurements (since synchronising with the CR3000 would be 
difficult), and no data are stored on the CR1000. 

12.6 AVW200 VIBRATING WIRE INTERFACE 

The DFDP-1 installation uses Geokon vibrating wire piezometers to record pore pressures 
(see below). These are connected to the CR3000 data logger through two AVW200 vibrating 
wire interfaces.  

The AVW200 contains a microcontroller to provide the necessary excitation signal (“pluck”) 
to a vibrating wire sensor, and sample and process the results. The AVW200 also has an 
input for a thermistor, since piezometers commonly have a built-in thermistor for temperature 
compensation. Each AVW200 module provides input channels for two piezometers. The 
AVW200 module is connected to the CR3000 logger via 12 volt and Ground wires which 
supply power, and an RS232 serial connection to transfer data. Two AVW200 modules are 
connected to the CR3000, using the logger serial ports COM1 and COM2 (digital I/O 
terminals C1-C4).  

Custom-made serial cables were constructed to connect the AVW200 modules to the 
CR3000 logger. These cables have a DE-9 male plug on one end and bare wires on the 

http://www.campbellsci.com/
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other end for connection to the logger digital I/O terminals. The white wire should be 
connected to the ‘Tx’ connection on the appropriate serial port (C1 or C3) while the red wire 
should be connected to the ‘Rx’ connection (C2 or C4). The black wire is connected to 
Ground. 

 
Figure 31 AVW200 to CR3000 serial cable wire colours 

12.7 POWER SUPPLY AND GROUNDING 

Power is supplied by batteries and solar panels (shared with seismic recorders). 12 volt 
power is connected to the Power In connection on the CR3000. The logger has two 
unregulated 12 volt output terminals which are used to supply 12 volts to the CR1000 logger 
and the AVW200 modules. 12 volt power for the Setra barometer is supplied by the switched 
12 volt output (SW12-1), which can be controlled by the logger program. 

The logger power ground (G) is internally connected to the ground (G) terminals on the 
logger wiring panel. Thus, logger ground should be at the same potential as battery negative. 
Care should be taken that grounded wires (e.g. the shield on a serial cable) do not come into 
contact with any wire connected to battery positive. The battery positive terminal should be 
protected with insulating tape or similar. 

Analog and digital input terminals are fitted with lightening surge suppressors which are 
connected to the chassis ground (labelled ‘Ground Lug’). For optimum lightening protection 
and prevention of noise due to stray voltages, it is recommended that the ground lug on all 
logger equipment be connected by a heavy gauge wire to an earth peg or similar grounding 
point. 

12.8 OVERVIEW OF LOGGER PROGRAMS 

The programs for the CR3000 and CR1000 loggers are written in CRBasic. Programs can be 
altered by connecting to the logger and sending a new program with the logger support 
software (see below). The logger will automatically compile and execute the new program. 
Note that reprogramming the logger will erase any existing data and should not be attempted 
unless the fundamentals of CRBasic are understood. The following section provides only a 
brief overview of the program structure.  

12.8.1 CR3000 program description 

The program ‘DFDP CR3000 20110201.CR3’ contains the code for data acquisition on the 
CR3000 logger (Appendix 2). The first part of the program declares variables and constants, 
and defines several subroutines which are used later in the program. Note that Public 
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variables are visible to the logger support software when a laptop is connected to the logger, 
and can be useful for monitoring the program. 

An output table is declared with the DataTable instruction. This instruction creates a final 
storage table where data will be stored for download. The DataInterval instruction controls 
how often data are stored in the table. 

Subroutines are provided to load calibration data and calculate the calibrated values from the 
temperature and pressure sensors. 

Sub GetPiezometerCal – Creates arrays of calibration factors for the piezometers. This 
code would need to be changed if the piezometers were changed. Called only when the 
program starts. 

Sub PiezometerCal –  Converts raw values from the AVW200 modules into piezometers 
pressure and temperature values, using the calibration factors generated by 
GetPiezometerCal. See Appendix 1 for a description of the calibration equations. 

Sub GetRTDCal – Creates an array of 20 resistance offset values corresponding to the 20 
RTD sensors. These values were determined by placing the RTD strings in flowing water, 
and are used to correct for the resistance introduced by varying wire lengths in the RTD 
strings. Called only when the program starts. 

Sub CalcRTDTemps – Converts voltages read from the RTD sensors into resistances, and 
applies the offset for each RTD. See Appendix 2 for a description of RTD calibration and 
temperature calculations. 

The main program begins with the BeginProg instruction. The program starts by loading 
calibration data and opening the serial ports used to communicate with the AVW200 modules 
and the CR1000 logger. The SW12 instruction turns on the power to the Setra barometer. 

The instruction Scan (15,Sec,0,0) marks the start of the ‘scan’ loop. This instruction tells the 
logger to go to sleep until a certain time interval occurs (every 15 seconds in this case). 
When the time interval occurs, the logger wakes up and begins a ‘scan’ (i.e. it starts 
processing the instructions following the ‘Scan’ instruction). 

The scan loop begins by reading the logger panel temperature (provided by a sensor built 
into the front panel of the logger) and battery voltage. A VoltDiff instruction (read differential 
input channel) is then used to read the value from the Setra barometer. Note the use of a 
multiplier and offset to convert the voltage into units of kPa. 

The scan loop then reads the RTD temperatures. This is carried out in two phases, because 
the RTD probes are spread between the CR1000 and CR3000. 

Current output IX1 is activated with the ExciteI instruction, and a delay instruction is used to 
allow the current to stabilise. The RTD voltages on channels 2 – 12 are then read with a 
VoltDiff instruction. Note the use of a ‘Reps’ parameter so that the instruction reads 11 
channels sequentially. The results are stored in the array RTDData(), starting at element 10. 
This is a 20 element array. Elements 1-9 store the results from the 9-RTD string; elements 
10-20 store the results from the 11-RTD string. 

Once the RTD string connected to the CR3000 logger has been read, the ExciteI instruction 
is used to activate the IX2 current output. After another small delay, differential channel 1 is 
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sampled. This is the ninth RTD probe on the 9-RTD string (connected to channel 1 on the 
CR3000). Note that this probe must be read with a separate instruction because it requires 
the IX2 current output to be active. Activating IX2 turns off IX1. 

The PortSet instruction is used to raise the signal wire connected to digital I/O port C7. This 
signals that the CR1000 should carry out a measurement (see notes for CR1000 program). 

A delay of 1 second is used to allow the CR1000 to complete a measurement of the 
remaining RTD probes and transmit the results. The data from the CR1000 are transmitted 
via a serial cable connected to COM3 on the CR3000. The logger’s operating system will 
automatically receive and buffer any data when it arrives on this port. 

After the one second delay, it is assumed that data will have been received from the 
CR1000. The signal wire is lowered with another PortSet instruction, and then the 
SerialInRecord and SplitStr functions are used (respectively) to read the data from the 
serial buffer and convert it from text back to numbers. The first 8 values received are 
assumed to be RTD voltages and are stored to the first 8 elements of RTDData(). Finally, 
CalcRTDTemps is called to convert the voltages read at the differential inputs to 
resistances. 

The scan loop reads the raw values from four piezometers (attached to AVW200 modules) 
by calling the AVW200 instruction four times. This instruction fills a 6 element array with raw 
data from the piezometer. The array VWData()  is a two dimensional array (4 x 6) which 
stores all piezometer data. VWData(1,1) is the first value for the first piezometer,  
VWData(1,2) is the second value for the first piezometer,  VWData(2,1) is the first value for 
the second piezometer, etc. 

Note that each AVW200 module requires approximately two seconds to read each 
piezometer, so the total time to read four piezometers is approximately 8 seconds. This limits 
the minimum scan time for the program – if the scan is too slow to execute, so that the next 
time interval occurs before the scan is completed, the next scan will be skipped. 

Once all piezometers have been read, PiezometerCal is called to calculate a pressure and 
temperature reading for each piezometer from the raw data. 

The CallTable instruction is used to activate the final storage table DFDPData. When this 
instruction is encountered, the logger checks to see if data need to be stored in final storage. 
The definition of the table DFDPData includes a DataInterval instruction which specifies that 
data are only stored every 60 seconds. If a 60 second interval has been reached, the 
variables listed in the table definition (vltBattery, degPTemp, kpaBaroPress, ohmRTD x 
20, kpaPzPress x 4 and degPzTemp x 4) are stored. In this case, the average of the values 
during the last 60 seconds is stored. 

The scan is concluded by the NextScan instruction. This instructs the logger to go to sleep 
and wait for the next time interval, at which point execution will resume from the ‘Scan’ 
instruction. 

12.8.2 CR1000 program description 

The CR1000 logger program (Appendix 3) is designed to read voltages from 8 differential 
input channels (to which RTD sensors are connected). Timing is crucial because the RTD 
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sensors attached to the CR1000 channels must be read while the correct current output on 
the CR3000 is active (IX2). 

The main program begins with the BeginProg instruction. The program starts by opening a 
serial port used to communicate with the CR3000 (COM1). 

The CR1000 program does not contain any Scan / NextScan loop, because processing is 
not carried out at a fixed time interval (synchronisation with the CR3000 would be too 
difficult). Instead, a SlowSequence instruction is used. This tells the logger that the 
subsequent instructions are to be executed when the logger is not busy with other tasks (of 
which there are none in this program). 

Following the SlowSequence instruction, there is an infinite loop created by the instructions 
‘Do…Loop’. Used in conjunction with the SlowSequence instruction, this creates a 
continuous code loop which is independent of the logger’s internal real-time clock – i.e. not 
run on a schedule. 

The first instruction in the slow sequence loop is WaitDigTrig(3,0). This instruction causes 
the program to halt and the logger to go to sleep, until a signal is generated by a rising 
voltage on digital I/O port C3. This is the signal sent by the CR3000 logger, indicating that 
the IX2 current output is active and the RTD sensors can be sampled. It causes the CR1000 
logger to wake up and resume its program. 

The VoltDiff instruction is used to read 8 differential inputs on the CR1000 and store the 
results in the RTDData() array. Once 8 inputs have been read, the values from the array are 
transmitted on the serial port COM1 as a formatted string. 

A record from the CR1000 is sent in the following format: 

*Diff1,Diff2,...,Diff8<CR> 

Where:  * is a record start marker 

 Diff1 - Diff8 are the differential channel measurements (mV) 

 <CR> is a carriage return character (ASCII 13) 

The * and <CR> characters are used as record markers. The SerialInRecord instruction in 
the CR3000 program uses these characters to identify the start and end of each record. 
Commas are used to separate the values. 

After the values have been transmitted, the Loop instruction causes the program to repeat, 
which means that the WaitDigTrig instruction is encountered again and the logger goes 
back to sleep to wait for the next signal from the CR3000. 

12.9 DATA COLLECTION NOTES 

Data may be collected from the CR3000 logger using one of several methods. 

• Direct Connection 

• Flash Card (File Copy) 

• Flash Card (Card Swap) 
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Each method is described below, including the software requirements and the advantages 
and disadvantages of each. 

12.9.2 Direct connection 

Data may be collected using a laptop attached to the CR3000 via a serial cable. The laptop 
needs a serial port (a USB-Serial adaptor may be used although some adaptors do not 
work). Data logger support software must be installed on the laptop - PC200W (free) or 
LoggerNet (licensed). PC200W can be downloaded from the Campbell Scientific website – 
see: http://www.campbellsci.com/downloads 

• Attach a pin-to-pin RS232 serial cable between the laptop and the logger port labelled 
‘RS-232’. 

• Run PC200W. If this is the first time the program has been run, the EZSetup wizard 
will be displayed. The wizard can also be started from the ‘Add Datalogger’ button on 
the toolbar. Note that the wizard can be skipped if the software has previously been 
set up to connect to the DFDP CR3000 logger. 

• Click ‘Next’ to advance to the ‘Communication Setup’ page. Choose ‘CR3000’ from 
the list of loggers. Change the ‘Datalogger Name’ to ‘DFDP-1 CR3000’ (or something 
similar) to identify the logger. 

• Click ‘Next’ to show the ‘COM Port Selection page’. Choose the COM port which the 
logger is connected to. For a built-in serial port, this is usually COM1. For USB-Serial 
adaptors, the COM port may be different. 

• Click ‘Next’ to show the ‘Datalogger Settings’ page. Change the ‘PakBus Address‘ to 
72 (this is the address of the CR3000). 

• Click ‘Next’ to show the ‘Setup Summary’ page. Click ‘Finish’ to exit the wizard. The 
setup wizard will save the settings for this logger for future use. 

• The data logger ‘DFDP-1 CR3000’ should now be shown in the list of available 
loggers on the left of the main PC200W screen. 

• Click on the logger and then click the ‘Connect’ button on the toolbar. If everything is 
set up correctly, the software should connect to the logger within a few seconds. The 
Datalogger clock value will be displayed along with the PC clock. 

To view the most recent values measured by the logger, click on the ‘Monitor Data’ tab. By 
default, this page displays all ‘Public’ data from the logger (‘Public’ values contain the most 
recent values read by the logger). Values may be added and deleted from this table with the 
‘Add’ and ‘Delete’ buttons. 

• To collect the data, click on the ‘Collect Data’ tab. You have the option of choosing to 
collect only new data, or all data from the logger. Note that the record of which data 
have already been collected is stored in the laptop software, not on the logger. This 
means that you will collect all data recorded since the last collection with this laptop, 
even if the data were recently collected with a different laptop. 

• Click the ‘Collect’ button to collect the data. 

Data are stored in a file on the laptop hard drive, in CSV (comma-seperated value) format. 
The page shows the file name and location for the collected file. Note that the ‘DFDPData’ 
table is the final storage table and contains all the data stored by the logger; this is the table 
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which should be collected. The file may be renamed to have a ‘.csv’ extension and can then 
be opened directly into Microsoft Excel or a similar program. 

A direct connection to the logger has the advantage that the current status of the logger may 
be examined, and it is not necessary to remove the flash card. However, it requires logger 
support software to be installed and set up on the PC, and care must be taken that the logger 
clock is not set or the logger program altered. 

12.9.3 Flash card (file copy) 

The Flash Card may be removed from the logger, and the data file copied to a laptop using a 
standard card reader (Compact Flash slot). Note: removing the card while data are being 
written may corrupt the data on the card. Follow the instructions below to remove the 
card. 

• Open the door on the side of the card module by loosening the small screw. Do not 
remove the card yet. 

• Press the Control button on the card module. The logger will transfer any buffered 
data to the card. 

• When the Status LED turns green, it is safe to remove the card. The card will 
reactivate in 20 seconds if it is not removed. Note that the status LED may be hard to 
see in bright light. 

• Press the lever next to the card to eject it from the slot. 

• Place the card in a card reader attached to a PC and extract the data using one of the 
following options: 

• Option 1 - Direct Copy: The card will contain a binary file. This may be copied to the 
laptop hard drive. Note that this file will be the size of the Flash card (e.g. 2 GB), 
regardless of how much data are actually stored, so the file size may be very large. 
No special software is required on the laptop. The Card Convert utility can be 
used later to extract the data from the binary file (see below).  

• Option 2 – Use Card Convert: If the PC has data logger support software installed 
(PC200W or similar), a utility called ‘Card Convert’ is available. This can be run from 
the start menu or from within PC200W.  

– Run CardConvert 

– Click ‘Select Card Drive’ and find the disk drive representing the flash card. 
When you click ‘OK’, the binary file on the card should appear in the list under 
‘Source Filename’. 

– The Output Directory and Destination File Options may be set. The default 
values should work OK. Note the destination file location. 

– Click ‘Start Conversion’ to extract CSV data from the binary file. 

– Close CardConvert when finished. 

Once copying or conversion is finished, ALWAYS use ‘Safely Remove Hardware’ before 
unplugging the flash card from the PC. 

The flash card can now be plugged securely back into the logger and the slot door closed. 
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Note: The logger will buffer any data which is recorded while the card is out of the card 
module, and will write this data to the card when the card is plugged back in. The card should 
not be left out of the logger for an extended period of time. 

The direct file copy method has the advantage that it can be carried out with a standard 
laptop and card reader (no logger support software is required if the binary file is copied, and 
no setup is required). 

12.9.4 Flash card (card swap) 

The flash card may be exchanged with a blank card, and the used card taken back to the 
office to collect the data. The replacement card should be formatted with the FAT32 filing 
system (this is the normal filing system used on flash cards). The card should be blank (i.e. 
formatted but containing no files). The maximum size for the flash card is 2 GB. 

• Follow the instructions above to remove the used card from the logger. 

• Plug in the new blank card and close the card door. 

• Take the used card back to the office and copy / extract the data as described above. 

The card swap method is fast and means that it is not necessary to take a laptop to the site. 

12.10 EQUIPMENT SERIAL NUMBERS AND ADDRESSES 

Table 12 Data logger details 

Item Serial # PakBus Address Port on CR3000 BAUD Rate 
CR3000 Logger 5572 72 - - 
AVW200 Interface 4458 200 COM1 38,400 
AVW200 Interface 4459 201 COM2 38,400 
CR1000 Logger 38119 19 COM3 38,400 
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12.11 WIRING DIAGRAMS 

 
Figure 32 AVW200 Module and Piezometer Connection 

 
Figure 33 Serial Cable - AVW200 to Logger 

 
Figure 34 Setra Barometer Connection (Incl. 3:1 Voltage Divider) 



 

 

58 GNS Science Report 2011/48 
 

 
Figure 35 Logger Wiring (Power and Protective Ground not shown) 



 

 

GNS Science Report 2011/48 59 
 

R09, surface

R08, surface

R07, 12.4 m

R06, 32.4 m

R05, 52.4 m

R04, 72.4 m

R03, 92.4 m

R02, 112.4 m

R01, 132.4 m

+- V
01

V
02

V
03

V
04

V
05

V
06

V
07

V
08

V
09

CR3000 data logger
Current = 2.5 mA

 
Figure 36 Final configuration of the cross-fault RTD array 
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Figure 37 Final configuration of the near-fault RTD array 
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APPENDIX 1:   DETAILED LOG OF OPERATIONS 

All dates and times are local NZ Daylight saving Time (UT+13:00). Depths are drillers 
depths, which require a correction of -0.07 m to align with our primary vertical datum. 

Notes Date Run String From To Run S/up Start Finish 
Brent Herrick (Egor) arrives 
at Whataroa 

18/01/2011        17:00 

42 tonne truck (Gordon is 
driver) arrives at Waitangi R. 

18/01/2011        18:00 

Unload Horizon gear, mob. 
to site 

19/01/2011    0   07:00 13:00 

Butt Drilling, 6" casing for 
DFDP-1A 

19/01/2011   0 24   13:00 19:00 

 20/01/2011    24   07:00 08:00 
API Linepipe, sched. 20, 
6.35 mm, 162 mm OD 

20/01/2011   24 30   08:00 11:00 

Horizon Drill rig arrives 21/01/2011       11:30 12:00 
Mobilise Horizon gear to site 21/01/2011       12:00 13:30 
Hydraulic hose blown during 
setup 

21/01/2011       14:00 19:00 

Safety and startup meeting 22/01/2011       10:00 10:30 
Run in drill rods 22/01/2011      1.00 10:30 10:40 
Start DFDP-1A coring 
operations 

22/01/2011 1 31.50 30.50 30.70 0.20 0.80 10:40 10:45 

 22/01/2011 2  30.70 31.00 0.30 0.50 11:22 11:27 
 22/01/2011 3 34.50 31.00 31.40 0.40 3.10 11:47 11:56 
 22/01/2011 4  31.40 31.60 0.20 2.90 12:13 12:16 
 22/01/2011 5  31.60 32.10 0.50 2.40 12:28 12:34 
 22/01/2011 6  32.10 32.90 0.80 1.60 12:45 12:56 
 22/01/2011 7  32.90 33.40 0.50 1.10 13:43 13:56 
 22/01/2011 8  33.40 33.60 0.20 0.90 14:28 14:37 
 22/01/2011 9  33.60 34.30 0.70 0.20 14:52 14:58 
 22/01/2011 10 37.50 34.30 35.30 1.00 2.20 15:08 15:22 
 22/01/2011 11  35.30 36.40 1.10 1.10 15:35 15:47 
 22/01/2011 12  36.40 37.50 1.10  15:59 16:12 
 22/01/2011 13 40.50 37.50 38.70 1.20 1.80 16:30 16:39 
 22/01/2011 14  38.70 40.15 1.45 0.35 16:51 17:02 
Bad vibrations, due to large 
annulus. Core recovery poor 

22/01/2011 15 43.50 40.15 40.50 0.35 3.00 17:18 17:23 

 22/01/2011 16  40.50 41.40 0.90 2.10 17:36 17:43 
 22/01/2011 17  41.40 43.00 1.60 0.50 18:11 18:24 
 22/01/2011 18 46.5 43.00 44.10 1.10 2.40 19:03 19:10 
 22/01/2011 19  44.10 44.30 0.20 2.20 19:25 19:28 
 22/01/2011 20  44.30 45.30 1.00 1.20 19:41 19:50 
 22/01/2011 21  45.30 46.50 0.20 1.00 20:12 20:15 
 22/01/2011 22  45.50 45.60 1.00 0.70 20:31 20:34 
 22/01/2011 23  45.60 46.30 0.70 0.20 20:50 20:59 
 22/01/2011 24 49.5 46.30 47.50 1.20 2.00 21:41 22:00 
 22/01/2011 25  47.50 49.00 1.50 0.50 22:45 23:15 
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Notes Date Run String From To Run S/up Start Finish 
 22/01/2011 26  49.00 49.50 0.50 0.00 23:35 23:42 
 23/01/2011 27 52.5 49.50 49.60 0.10 2.90 00:00 00:15 
 23/01/2011 28  49.60 50.20 0.60 2.30 00:33 00:40 
 23/01/2011 29  50.20 51.80 1.50 0.80 01:18 01:30 
Poor recovery in collapsing 
hole 

23/01/2011 30  51.80 52.50 0.80 0.00 01:50 02:00 

 23/01/2011 31 55.5 52.50 53.50 1.00 2.00 02:19 02:35 
 23/01/2011 32  53.50 54.00 0.50 1.50 03:00 03:15 
 23/01/2011 33  54.00 54.80 0.80 0.70 03:48 04:00 
 23/01/2011 34  54.80 55.50 0.70 0.00 04:30 04:45 
 23/01/2011 35 58.5 53.50 57.00 1.50 1.50 05:00 05:15 
 23/01/2011 36  57.00 57.50 0.50 1.00 05:30 05:40 
 23/01/2011 37  57.50 58.40 0.90 0.10 06:05 06:15 
 23/01/2011 38 61.5 58.4 59.3 0.9 2.20 07:03 07:11 
 23/01/2011 39  59.30 59.40 0.10 2.10 07:25 07:28 
 23/01/2011 40  59.40 60.20 0.80 1.30 07:40 07:48 
 23/01/2011 41  60.20 61.50 1.30  08:12 08:21 
 23/01/2011 42 64.50 61.50 62.30 0.80 2.20 08:33 08:38 
 23/01/2011 43  62.30 63.10 0.80 1.40 08:50 09:02 
 23/01/2011 44  63.10 63.80 0.70 0.70 09:22 09:29 
 23/01/2011 45  63.80 64.50 0.70  09:44 09:48 
 23/01/2011 46 67.50 64.50 65.20 0.70 2.30 10:02 10:08 
 23/01/2011 47  65.20 66.70 1.50 0.80 10:23 10:32 
 23/01/2011 48  66.70 67.50 0.80  10:47 10:53 
 23/01/2011 49 70.50 67.50 68.80 1.30 1.70 11:17 11:28 
 23/01/2011 50 73.50 68.80 70.40 1.60 0.10 11:38 11:49 
 23/01/2011 51  70.40 71.60 1.20 1.90 12:00 12:13 
 23/01/2011 52  71.60 72.40 0.80 1.10 12:23 12:28 
 23/01/2011 53  72.40 73.50 1.10  12:44 12:50 
 23/01/2011 54 76.50 73.50 75.00 1.50 1.50 13:02 13:12 
 23/01/2011 55  75.00 76.50 1.50  13:22 13:34 
 23/01/2011 56 79.50 76.50 76.70 2.00 2.80 13:49 13:53 
 23/01/2011 57  76.70 78.00 1.30 1.50 14:12 14:24 
 23/01/2011 58  78.00 79.40 1.40 0.10 14:35 14:48 
 23/01/2011 59 82.50 79.40 80.50 1.10 2.00 14:56 15:07 
 23/01/2011 60 82.50 80.50 82.10 1.60 0.40 15:19 15:31 
 23/01/2011 61 85.50 82.10 83.70 1.60 1.80 15:42 15:57 
 23/01/2011 62  83.70 85.20 1.50 0.30 16:07 16:18 
 23/01/2011 63 88.50 85.20 86.80 1.60 1.70 16:32 16:47 
 23/01/2011 64  86.80 88.30 1.50 0.20 16:55 17:08 
 23/01/2011 65 91.50 88.30 89.90 1.60 1.60 17:21 17:31 
Alpine Fault gouge cored 23/01/2011 66  89.90 91.10 1.20 0.40 17:46 17:56 
 23/01/2011 67 94.50 91.10 92.30 1.20 2.20 18:08 18:17 
 23/01/2011 68  92.30 93.40 1.10 1.10 18:30 18:43 
 23/01/2011 69 94.50 93.40 94.10 0.70 0.40 19:30 19:43 
Drill string becoming stuck 
in gravels 

23/01/2011 70 97.50 94.10 95.10 0.10 2.40 19:59 20:20 

DFDP-1A coring completed 23/01/2011   95.10 96.10 1.00 1.40 20:54 21:11 
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Notes Date Run String From To Run S/up Start Finish 
Day off, rig maintenance, 
etc. 

24/01/2011       07:00 19:00 

Mobilise Butt Drilling 25/01/2011    0   07:00 10:00 
Hammer 6" casing DFDP-
1B, shoe detached 

25/01/2011   0.00 34.00   09:00 17:00 

Butt Drilling demob 26/01/2011       07:00 11:00 
Failed attempt to grout 
casing shoe in place 

26/01/2011       11:00 13:00 

Second attempt to grout 
casing shoe in place 

26/01/2011       16:00 18:00 

Drill out grout and casing 
shoe 

27/01/2011 1 34.50 28.30 34.50  6.30 08:30 10:20 

Start DFDP-1B coring 
operations 

27/01/2011 2 40.50 34.50 35.20 0.70 5.30 10:22 10:25 

 27/01/2011 3 40.50 35.20 36.20 1.00 4.30 10:40 10:52 
Hydraulic hose blown; 
maintenance 

27/01/2011       11:00 12:30 

 27/01/2011 4  36.20 36.70 0.90 3.80 12:35 12:41 
 27/01/2011 5  36.70 36.90 0.20 3.60 12:55 13:02 
 27/01/2011 6  36.90 37.10 0.20 3.40 13:12 13:20 
 27/01/2011 7  37.10 37.60 0.50 2.90 13:05 13:41 
 27/01/2011 8  37.60 37.80 0.20 2.70 13:53 14:02 
 27/01/2011 9  37.80 37.85 0.05 2.65 14:10 14:15 
Changed bit (broken after 
drilling out casing shoe) 

27/01/2011       14:20 15:00 

 27/01/2011 10  37.85 38.20 0.35 2.30 15:10 15:15 
 27/01/2011 11  38.70 38.60 0.40 1.90 15:20 15:32 
 27/01/2011 12  38.60 38.80 0.20 1.70 15:40 15:47 
 27/01/2011 13  38.80 39.60 0.80 0.90 16:18 16:28 
 27/01/2011 14  39.60 39.90 0.30 0.60 16:36 16:55 
Bad vibrations, due to large 
annulus, trip out. 

27/01/2011       17:00 17:20 

Prepare PW casing 28/01/2011       08:00 10:30 
Install PW casing 28/01/2011       10:43 11:50 
Drill out casing shoe (again) 
with PW casing 

28/01/2011       11:50 13:00 

Breakdown drill rods from 
doubles to singles 

28/01/2011       13:00 14:00 

Restart coring operations 28/01/2011 15 40.50 39.90 40.00 0.10 0.50 14:10 14:17 
 28/01/2011 16  40.00 40.20 0.20 0.30 14:26 14:31 
 28/01/2011 17 43.50 40.20 40.70 0.50 2.80 14:42 15:07 
 28/01/2011 18  40.70 41.50 0.80 2.00 15:15 15:23 
 28/01/2011 19  41.50 41.80 0.30 1.70 15:50 16:02 
Slow progress, poor core, 
poor hole stability 

28/01/2011 20  41.80 42.30 0.50 1.20 16:34 16:39 

Agreed to wait and 
readvance PW casing in 
morning 

28/01/2011 21  42.30 42.70 0.40 0.80 17:07 17:16 

Pulled back, powered down 28/01/2011       17:16 17:30 
Add PW casing 29/01/2011       09:00 09:40 
 29/01/2011 22 46.50 42.70 44.10 1.40 2.40 09:57 10:38 
 29/01/2011 23  44.10 44.40 0.30 2.10 10:50 10:57 
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Notes Date Run String From To Run S/up Start Finish 
PW casing string advanced 
to 42.51 m 

29/01/2011 24      11:00 12:30 

 29/01/2011 25  44.40 44.70 0.30 1.80 12:30 12:44 
 29/01/2011 26  44.70 45.40 0.70 1.10 13:00 13:17 
 29/01/2011 27  45.50 45.80 0.40 0.70 13:30 13:43 
Decision to pull rods and 
open hole with stratopack bit 

29/01/2011       14:04 14:04 

Problems with worn reamer 
(Alan Speight diagnosis) 

29/01/2011   44.00    15:00 16:50 

PW casing advanced to 
45.27 m 

29/01/2011       16:50 17:15 

Decision to try smaller 
gauge rods, custom 
assembly 

29/01/2011    47.50   18:00 18:00 

Trip in new rods 29/01/2011       21:20 22:05 
Open hole drilling, 
stratopack 

29/01/2011   47.50 49.00   22:05 22:20 

 29/01/2011   49.00 50.00   22:20 22:35 
 29/01/2011   50.00 51.00   22:35 22:50 
 30/01/2011   51.00 63.00   22:50 02:30 
 30/01/2011   63.00 70.00   02:30 03:30 
Flush hole. Trip out 30/01/2011       03:30 04:20 
Corey quits, Rupert stands 
in for him 

30/01/2011       05:00 05:00 

Failed coring attempt 30/01/2011   70.00 71.00   05:40 06:30 
Open hole drilling, 
stratopack 

30/01/2011  77.00 71.00 77.00   08:45 10:00 

 30/01/2011  83.00 77.00 83.00   10:10 11:15 
 30/01/2011  89.00 83.00 89.00   11:25 12:24 
 30/01/2011  95.00 89.00 93.30   12:32 13:19 
Flush, trip out/in 30/01/2011       13:20 15:30 
Resume coring operations 30/01/2011 28 94.50 93.30 94.50 1.20  15:31 15:55 
 30/01/2011 29 97.50 94.50 95.35 0.85 2.15 16:05 16:23 
 30/01/2011 30  95.35 96.60 1.25 0.90 16:38 16:55 
 30/01/2011 31 100.50 96.60 97.90 1.30 2.60 17:10 17:23 
 30/01/2011 32  97.90 99.10 1.20 1.40 17:30 17:54 
Problem with core barrel, 
trip out/in 

30/01/2011       18:30 19:50 

 30/01/2011 33  99.10 100.30 1.20 0.20 19:55 20:15 
PW casing advanced to 
48.51 m string 

30/01/2011       20:30 20:54 

 30/01/2011 34 103.50 100.30 101.80 1.60 1.60 21:10 21:27 
 30/01/2011 35  101.90 103.40 1.50 0.10 21:45 21:59 
 30/01/2011 36 106.50 103.40 105.00 1.60 1.50 22:12 22:27 
 30/01/2011 37  105.00 106.50 1.50 0.00 22:40 22:54 
 30/01/2011 38 109.50 106.50 107.50 1.00 2.00 23:08 23:18 
 30/01/2011 39  107.50 108.50 1.00 0.50 23:30 23:39 
 30/01/2011 40  108.50 109.50 1.00 0.00 23:48 23:55 
 31/01/2011 41 112.50 109.50 111.00 1.50 1.50 00:07 00:25 
 31/01/2011 42  111.00 111.50 0.50 1.00 00:35 00:40 
 31/01/2011 43  111.50 112.50 1.00 0.00 00:55 01:10 
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Notes Date Run String From To Run S/up Start Finish 
 31/01/2011 44 115.50 112.50 112.80 0.30 2.70 01:13 01:20 
 31/01/2011 45  112.80 114.30 1.50 1.20 01:54 02:10 
Storm, rained out, tents 
blown down, shut down drill 
rig 

31/01/2011       03:15 03:15 

Rebuilt core processing 
facility 

31/01/2011       06:00 07:30 

Restart coring DFDP-1B 31/01/2011 47 115.50 114.30 114.60 0.30 0.90 08:10 08:20 
 31/01/2011 48  114.60 115.50   08:50 09:00 
 31/01/2011 49 118.50 115.50 117.00 1.50 1.50 10:30 10:44 
 31/01/2011 50  117.00 117.30 0.30 1.20 10:56 11:05 
 31/01/2011 51  117.30 118.50 1.20  11:16 11:49 
 31/01/2011 52 121.50 118.50 120.00 1.50 1.50 12:04 12:16 
 31/01/2011 53  120.00 121.00 1.50  12:28 12:44 
 31/01/2011 54 124.50 121.50 123.00 1.50 1.50 13:04 13:20 
 31/01/2011 55  123.00 124.50 1.50  13:32 13:59 
 31/01/2011 56 127.50 124.50 126.00 1.50 1.50 14:12 14:33 
 31/01/2011 57  126.00 127.50 1.50  14:45 15:14 
Foi arrives on site 31/01/2011 58 130.50 127.50 128.10 0.60 2.40 15:30 15:39 
Foi takes over from Rupert. 
Trip out/in clean bit 

31/01/2011       16:00 18:20 

Core Alpine Fault gouge 31/01/2011 59  128.10 129.50 1.40 1.00 18:30 18:59 
 31/01/2011 60 133.50 129.50 131.00 1.50 2.50 19:10 19:29 
 31/01/2011 61 133.50 131.00 132.50 1.50 1.00 19:40 19:50 
 31/01/2011 62  132.50 133.50 1.00 0.00 20:00 20:07 
 31/01/2011 63 136.50 133.50 135.10 1.60 1.40 20:20 20:31 
 31/01/2011 64  135.10 136.50 1.40 0.00 20:42 20:52 
 31/01/2011 65 139.50 136.50 138.10 1.60 1.40 21:04 21:14 
 31/01/2011 66  138.10 139.50 1.40 0.00 21:27 21:35 
 31/01/2011 67 142.50 139.50 141.10 1.60 1.40 21:48 21:58 
 31/01/2011 68  141.10 142.50 1.40 0.00 22:12 22:25 
 31/01/2011 69 145.50 142.50 144.10 1.60 1.40 22:36 22:52 
 31/01/2011 70  144.10 145.50 1.40 0.00 23:25 23:34 
 31/01/2011 71 148.50 145.50 146.50 1.00 2.00 23:49 23:56 
 1/02/2011 72  146.50 147.40 0.90 1.10 00:13 00:19 
 1/02/2011 73 151.50 147.40 148.50 1.10 0.00 00:35 00:49 
 1/02/2011 74  148.50 149.90 1.40 1.60 01:15 01:26 
Last DFDP-1B core 
collected 

1/02/2011   149.90 151.10 1.20 4.00 01:40 01:54 

Core barrel stuck. Trip out/in 1/02/2011   151.10 151.40   02:10 02:20 
Josh pushed drill string 
through cuttings 140-151 m 

1/02/2011       02:20 03:00 

Drill string jammed with 
wireline fixed to inner tube 

1/02/2011       03:00 05:00 

Agreed with Josh to fit HWT 
casing shoe and flush hole 

1/02/2011       05:35 09:00 

Flushed and ready for 
wireline logging DFDP-1B 

1/02/2011       09:00 10:00 

HWT rods tripped out for 
open-hole wireline logging 

1/02/2011       13:00 13:40 
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Notes Date Run String From To Run S/up Start Finish 
Basic maintenance, clean-
up while wireline logging 

1/02/2011       14:00 19:00 

DFDP-1B wireline logging 2/02/2011       08:00 21:30 
Egor and Foi on site tidying 
up, maintenance 

2/02/2011       08:30 13:00 

HWT casing arrives for 
DFDP-1A 

2/02/2011       15:00 15:00 

DFDP-1B observatory 
installation 

3/02/2011         

Pump cleared of gravel from 
river 

3/02/2011       08:00 10:30 

Flush hole 3/02/2011         
Install instrument string and 
sand to 129 m 

3/02/2011         

DFDP-1B failed grout. Only 
40 litres able to be pumped 

3/02/2011       18:00 20:00 

DFDP-1B observatory 
installation continues 

4/02/2011         

DFDP-1A attempt to redrill 
with HQ string and 
stratopack 

4/02/2011    75.00   08:00 12:15 

DFDP-1A attempt to redrill 
with HWT and casing 
advancer 

4/02/2011   75.00 100.60   12:15 13:55 

Flush DFDP-1A, then 
wireline logging 

4/02/2011       14:00  

Grout (200 l) DFDP-1B 129-
119 m 

4/02/2011       14:00 14:30 

Sand (200 kg) DFDP-1B 
119-112.7 m 

4/02/2011         

Egor leaves site 4/02/2011        19:00 
Grout (350 l) DFDP-1B, 
112.7-93 m, flush at 92.5 m 

5/02/2011       12:45 13:15 

84 m string of HWT casing 
installed in DFDP-1A 

5/02/2011       14:00 17:00 

Added HWT casing to 96 m, 
flushed to clear DFDP-1A 

6/02/2011       08:00 11:00 

Grouted base of DFDP-1A, 
welded 81 m casing string in 
place 

6/02/2011       11:00 12:30 

DFDP-1B second string of 
piezometers installed (92.4, 
72.4 m) 

6/02/2011         

Sand DFDP-1B, 95.0-90.5 
m 

6/02/2011         

Grout (340 l) DFDP-1B, 
90.5-74 m 

6/02/2011       15:00 15:30 

Sand DFDP-1B, 74-69 m 7/02/2011         
Grout (200 l) DFDP-1B, 69-
53 m, flushed at 52 m 

7/02/2011       08:30 09:20 

Demobilise drilling gear 7/02/2011         
Demobilise drilling gear 8/02/2011        12:00 
Digger on site to fill holes, 
unload observatory 
container 

9/02/2011       17:00 19:00 
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APPENDIX 2:   CORE RECOVERY 

Depths are driller’s depths and require a correction of –0.07 m to align with our primary 
vertical datum. 

DFDP-1A DFDP-1B 
Bottom Run Core Bottom Run Core 

(m) (m) (m) (m) (m) (m) 

30.70 0.20 0.15 35.20 1.00 0.00 

31.00 0.30 0.30 36.20 1.00 0.15 

31.40 0.40 0.20 36.70 0.50 0.35 

31.60 0.20 0.30 36.90 0.20 0.00 

32.10 0.50 0.35 37.10 0.20 0.00 

32.90 0.80 1.05 37.60 0.50 0.00 

33.40 0.50 0.40 37.80 0.20 0.20 

33.60 0.20 0.20 37.85 0.05 0.00 

34.30 0.70 0.65 38.20 0.35 0.10 

35.30 1.00 1.00 38.60 0.40 0.08 

36.40 1.10 1.00 38.80 0.20 0.20 

37.50 1.10 0.92 39.60 0.80 0.80 

38.70 1.20 1.14 39.90 0.30 0.00 

40.15 1.45 1.13 40.00 0.10 0.00 

40.50 0.35 0.30 40.20 0.20 0.00 

41.40 0.90 0.70 40.70 0.50 0.20 

43.00 1.60 0.95 41.50 0.80 0.80 

44.10 1.10 0.00 41.80 0.30 0.20 

44.30 0.20 0.00 42.80 0.50 0.10 

45.30 1.00 0.71 42.70 0.40 0.40 

45.50 0.20 0.17 44.10 1.40 0.45 

45.74 0.24 0.24 44.40 0.30 0.40 

46.30 0.56 0.56 44.70 0.30 0.28 

47.50 1.20 0.75 45.40 0.70 0.40 

49.00 1.50 0.00 45.80 0.40 0.30 

49.50 0.50 0.00 70.40 0.40 0.00 

49.60 0.10 0.50 94.50 1.20 1.00 

50.20 0.60 0.80 95.35 0.85 0.70 

51.70 1.50 1.20 96.60 1.25 1.10 

52.50 0.80 0.20 97.90 1.30 1.30 

53.50 1.00 0.50 99.10 1.20 1.10 

54.00 0.50 0.00 100.30 1.20 1.05 

54.80 0.80 0.50 101.80 1.50 1.50 

55.50 0.70 0.00 103.40 1.60 1.57 

57.00 1.50 0.50 105.00 1.60 1.50 

57.50 0.50 0.45 106.50 1.50 1.50 

58.40 0.90 0.88 107.50 1.00 0.90 

59.30 0.90 0.10 109.00 1.50 0.93 

59.40 0.10 0.00 109.50 0.50 0.93 

60.20 0.80 0.80 111.00 1.50 1.50 
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DFDP-1A DFDP-1B 
Bottom Run Core Bottom Run Core 

(m) (m) (m) (m) (m) (m) 

61.50 1.30 0.00 111.50 0.50 0.27 

62.30 0.80 0.57 112.50 1.00 0.81 

63.10 0.80 0.80 112.80 0.30 0.40 

63.80 0.70 0.62 114.30 1.50 1.32 

64.50 0.70 0.70 114.30 0.00 0.00 

65.20 0.70 0.77 114.60 0.30 0.30 

66.70 1.50 1.50 115.50 0.90 0.90 

67.50 0.80 0.70 117.00 1.50 1.50 

68.80 1.30 1.30 117.30 0.30 0.30 

70.40 1.60 1.60 118.50 1.20 1.00 

71.60 1.20 1.20 120.00 1.50 1.50 

72.40 0.80 0.80 121.50 1.50 1.50 

73.50 1.10 1.10 123.00 1.50 1.65 

75.00 1.50 1.50 124.50 1.50 1.35 

76.50 1.50 1.50 126.00 1.50 1.60 

76.70 0.20 0.10 127.06 1.50 1.00 

78.00 1.30 1.30 128.10 0.60 1.10 

79.40 1.40 1.40 129.50 1.40 1.30 

80.50 1.10 1.10 131.00 1.50 1.30 

82.10 1.60 1.54 132.50 1.50 1.00 

83.70 1.60 1.66 133.50 1.00 1.00 

85.20 1.50 1.50 135.10 1.60 1.54 

86.80 1.60 1.60 136.50 1.40 1.35 

88.30 1.50 1.53 138.10 1.60 1.50 

89.90 1.60 1.62 139.50 1.40 1.50 

91.10 1.20 1.20 141.10 1.60 1.57 

92.33 1.20 1.20 142.50 1.40 1.37 

93.48 1.15 0.90 144.10 1.60 1.53 

95.13 0.75 0.75 145.50 1.40 0.51 

95.23 0.85 0.90 146.50 1.00 0.65 

96.18 1.00 1.10 147.40 0.90 0.00 

   148.50 1.10 0.44 

   149.90 1.40 0.27 

   151.10 1.20 0.40 
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APPENDIX 3:   CR3000 PROGRAM CODE 
'********************************************************************* 
' DFDP CR3000 Program 
'  
' This program records data for temperature and pressure sensors 
' for the DFDP bore hole.  
' 
' CR3000 Series Datalogger 
'  AVW200 Module on Serial Port C1/C2 -> 2x VW Piezometers  
'  AVW200 Module on Serial Port C3/C4 -> 2x VW Piezometers  
'  Thermistors on Diff 1-12 
'  Setra barometer on Diff 14 
'  Serial to CR1000 on Com3 + C7 -> CR1000 hosts 8 more thermistors 
' 
' A record from the CR1000 is sent in the following format:  
'  *Diff1,Diff2,...,Diff8,<CR> 
'    ...Where: * is a record start marker (ASCII 42) 
'              Diff1 - Diff8 are Differential measurements (mV) 
'              <CR> is a carridge return (ASCII 13) 
' 
' Date:  1-Feb-2011 
' Author: J Cole-Baker / GNS Science 
' 
'******************************************************************** 
 
SequentialMode 
 
'******************************************** 
' Thermistor Temperature Correction Coeffs: 
' Used to convert the piezometer built-in  
' thermistor resistance to temperature in  
' degrees: 
Const TA = 1.4051E-3 
Const TB = 2.3690E-4 
Const TC = 1.0190E-7 
'******************************************** 
 
 
Public vltBattery, degPTemp, kpaBaroPress 
Public kpaPzPress(4), degPzTemp(4)            ' For VW Piezometers 
Public ohmRTD(20), degRTDTemp(20)             ' For RTD temperature probes 
Public ComResult(5) 
 
Dim VWData(4,6), RTDData(20)                  ' Raw data from VW sensors 
and RTDs.  
Dim G(4), K(4), R0(4), T0(4), S0(4)           ' Calibration coefficients 
for Piezometers 
Dim RTDOffset(20)                             ' Resistance offsets for RTD 
probes 
Dim SerialData As String * 200 
 
 
'**************************************************************** 
' Data Output Table 
'**************************************************************** 
DataTable (DFDPData,1,-1) 
  DataInterval (0,60,Sec,0) 
 ' CardOut (0,-1)        ' ---------- Write to flash card! Uncomment if 
flash card is installed.  
 Average (1,vltBattery,FP2,0) 
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 Average (1,degPTemp,FP2,0) 
 Average (1,kpaBaroPress,IEEE4,0) 
 Average (20,ohmRTD(),IEEE4,0) 
 Average (4,kpaPzPress(),IEEE4,0) 
 Average (4,degPzTemp(),IEEE4,0) 
EndTable 
 
 
'***************************************************************** 
' Piezometer Calibration Data:  
'  This subroutine loads calibration data for four piezometers.  
'***************************************************************** 
Sub GetPiezometerCal 
  Dim i  ' Index variable 
  ' Calibration Coefficients (from sensor calibration sheets): 
  '  G  = Gage Factor                 (kPa/Digit) 
  '  K  = Thermal Factor              (kPa/Deg C) 
  '  Ro = Zero Pressure reading       (digits) 
  '  To = Temperature Reading for Ro  (Deg C) 
  '  So = Barometric Pressure for Ro  (kPa) 
  ' 
  '        G        K        Ro        To      So       Serial #   Location 
  Data  0.1078,  -0.0800,   8760.00,  23.30,  96.320  ' 1036513    AFDP 1 A 
10m 
  Data  0.1070,  -0.0795,   8781.00,  23.40,  96.320  ' 1036516    AFDP 1 A 
20m 
  Data  0.5756,   0.5187,   8709.00,  22.80,  96.380  ' 1037359    AFDP 1 A 
50m 
  Data  0.5743,   0.6913,   8616.00,  23.50,  96.380  ' 1037360    AFDP 1 A 
20m 
  ' 
  ' Read the data table above and store in arrays: 
  For i = 1 To 4 
    Read G(i) 
    Read K(i) 
    Read R0(i) 
    Read T0(i) 
    Read S0(i) 
  Next 
EndSub 
 
 
'*************************************************************** 
' Piezometer Calibration Calcs:  
'  This subroutine takes a 6-element array of piezometer data 
'  (as generated by the AVW200 instruction) and calculates 
'  calibrated pressure values using the calibration 
'  coefficents defined in the GetPiezometerCal sub.  
' Parameters: 
'  i - specifies the sensor to be calibrated (1-4) 
'      from the list defined in the GetPiezometerCal sub. 
'  kpaBP - specifies the current barometric pressure 
'      in kPa. If set to 0.0, no barometric correction will 
'      be applied.  
'*************************************************************** 
Sub PiezometerCal( kpaBP ) 
  Dim i, R, P 
  ' ** Calibrate results / calc pressure for each of 4 sensors: ** 
  For i = 1 To 4 
    ' Temperature Calibration:  
    ' Convert the thermistor resistence to tempreature (Deg C):  
    degPzTemp(i) = (  1 /  ( TA + (TB*LN(VWData(i,6))) + 
(TC*LN(VWData(i,6))^3) )  ) - 273.15 
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    ' Pressure Calculation:  
    ' 
    '    P = G(Ro - R) + K(T-To)-(S-So) 
    ' 
    '  G = gage Factor, R = Reading (digits), T = Temperature (Deg C), S = 
Barometric Pressure (kPa) 
    '  Ro, To and So are Reading, Temperature and Barometric Pressure 
(respectively) recorded during zeroing.  
    '  Atmospheric Pressure Correction (S-So) term may not be used if 
piezometer is not directly influenced  
    '  by atmospheric pressure changes (e.g. confined aquifer).  
    ' 
    R = VWData(i,1)^2 / 1000                         ' Convert frequency to 
"digits".  
    P = G(i) * (R0(i) - R)                           ' Calculate base 
pressure reading  
    P = P + ( K(i) * (degPzTemp(i) - T0(i)) )        ' Apply temperature 
correction 
    If (kpaBP > 0.0) Then P = P - ( kpaBP - S0(i) )  ' Apply atmospheric 
pressure correction 
    kpaPzPress(i) = P                             ' Store the final 
calculated pressure!  
  Next 
EndSub 
 
 
'***************************************************************** 
' RTD Calibration Data:  
'  This subroutine loads calibration data for 20 RTD Probes.  
'***************************************************************** 
Sub GetRTDCal 
  Dim i  ' Index variable 
  ' Resistance offsets for 20 RTD probes (2 strings) 
  ' These values were determined by placing sensors in flowing water to  
  ' ensure all were at the same temperature, and comparing with a  
  ' reference temperature measurement (from Geokon Piezometer) 
  ' 
  ' Note: Constants are given in the order the channels are read on the 
data logger 
  ' I.e. 9 probe string first (arbitrarily referred to as String 2):  
  ' 
  ' String/Probe:  
  ' 2  /   1        2       3       4       5       6       7      8       
9 
  Data 0.9424, 0.9346, 0.9716, 0.9550, 0.9838, 0.9756, 0.9756, 0.9786, 
0.0056 
  ' 1  /  1        2       3       4       5       6       7      8       9      
10      11 
  Data 0.0145, 0.0359, 0.0833, 0.1179, 0.2797, 0.3571, 0.1253, 0.1291, 
0.1372, 0.1209, 0.0381 
  ' 
  For i = 1 To 20 
    Read RTDOffset(i) 
  Next   
EndSub 
 
 
'******************************************************************** 
' RTD Temperature Calculations:  
' Convert voltage from RTD probes into resistence, then calcaulte 
' temperature: 
'********************************************************************  
Sub CalcRTDTemps 
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  Dim i 
  For i = 1 To 20 
    ' Convert voltage readings to ohms (assumes 2.5 mA current): 
    ohmRTD(i) = RTDData(i) / 2.5                   ' Voltage is in mV. 
    ' Correct resistance readings for known offset (found by calibration): 
    ohmRTD(i) = ohmRTD(i) - RTDOffset(i)  
    ' Convert resistance to temperature:  
    degRTDTemp(i) = (ohmRTD(i) - 100.0) / 0.385    ' Simple calculation. 
     ' ... Could add more complicated Callendar-Van Dusen equation...    
  Next i  
EndSub 
 
 
 
 
 
 
 
'******** Main Program 
*************************************************************************** 
BeginProg 
   
  '**** Initial Setup: **** 
  GetPiezometerCal                  ' Load cal table for piezometers... 
  GetRTDCal                         ' Load offsets for RTD sensors 
   
  SerialOpen (Com1,38400,0,0,200)   ' ] Open the serial ports to talk to 
piezometers... 
  SerialOpen (Com2,38400,0,0,200)   ' ] 
  SerialOpen (Com3,38400,0,0,200)   ' ] ... and the CR1000 
 
  SW12 (1,1)   ' Turn on power to Setra 
 
  ' **** Scan Loop: **** 
 Scan (15,Sec,0,0) 
 
   
    ' *** Read panel temperature and battery: *** 
  PanelTemp (degPTemp,250) 
  Battery (vltBattery) 
   
   
  ' *** Read Setra pressure sensor: *** 
  '  0-5 V differential range; 1/3 voltage divider added to make 
sure 
  '  voltages do not exceed +/- 5v.  
  '  0v = 800  HPa  ] Range = 300 HPa (30 kPa) 
  '  5v = 1100 HPa  ]  
  '     Mult = 0.006 * 3 = 0.018 
  '     Offset = 80 (convert to kPa).   
  '    
    VoltDiff (kpaBaroPress, 1, mV5000, 14, True, 0, _50Hz, 0.018, 80.0)      
   
   
    ' *** RTD Temperature probes: ***        
    ExciteI(IX1, 2500, 0)                                          ' Turn 
on current to probes on CR3000 (Bank 1)  
    Delay (0,100,mSec)                                             ' 0.1 
second delay to allow probes to stabilise   
    VoltDiff( RTDData(10), 11, mV1000, 2, 1, 0, _50Hz, 1.0, 0.0 )  ' Read 
Bank 1 probes attached to CR3000 
    ExciteI(IX2, 2500, 0)                                          ' Turn 
on current to probes on CR1000 (Bank 2)   
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    Delay (0,100,mSec)                                             ' 0.1 
second delay to allow probes to stabilise   
    VoltDiff( RTDData(9), 1, mV1000, 1, 1, 0, _50Hz, 1.0, 0.0 )    ' Read 1 
x Bank 2 probe attached to CR3000 
    PortSet (7,1)                                                  ' Raise 
C7 port to tell CR1000 to sample 
    Delay (0,1,Sec)                                                ' Wait 1 
second to make sure CR1000 has finished 
    PortSet (7,0)                                                  ' Drop 
C7 port 
    SerialInRecord (Com3,SerialData, 42, 0, 13,ComResult(5),01)    ' Get 
the data sent by CR1000 (8 x Bank 2 Probes) 
    SplitStr (RTDData(),SerialData,"",8,0)                         ' Split 
the string into numbers 
    CalcRTDTemps()                                                 ' 
Convert to resistance and calculate temperatures 
       
       
    ' *** Measure VW Piezometers: *** 
    AVW200 
(ComResult(1),Com1,200,200,VWData(1,1),1,1,1,400,5000,1,_50Hz,1,0) 
    AVW200 
(ComResult(2),Com1,200,200,VWData(2,1),2,1,1,400,5000,1,_50Hz,1,0) 
    AVW200 
(ComResult(3),Com2,201,201,VWData(3,1),1,1,1,400,5000,1,_50Hz,1,0) 
    AVW200 
(ComResult(4),Com2,201,201,VWData(4,1),2,1,1,400,5000,1,_50Hz,1,0) 
    PiezometerCal( 0.0 )    ' Apply calibration (no barometric pressure 
correction) 
   
     
  ' ******* Call Output Table: ********* 
  CallTable DFDPData 
   
 NextScan 
  
EndProg 
'************************************************************************** 
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APPENDIX 4:   CR1000 PROGRAM CODE 
'*************************************************************** 
' DFDP CR1000 Program 
' 
' This logger program sets a CR1000 logger up to work as a  
' slave logger to record voltages across RTD tempterature  
' probes when the master logger (CR3000) turns on the current 
' source.  
' 
' Data sampling is triggered by a rising pulse on control port 
' C3 (signal generated by CR3000).  
' 
' 8 voltages are read from differential inputs and sent to the  
' master via the serial port Com2.  
' 
' Logger: CR1000 
' Sensors: RTD tempreature probes x 8 on differential inputs 
'          These are expected to have 2.5 mA of current flowing 
'          through them, so the logger can measure a voltage. 
' 
' A record from the CR1000 is sent in the following format:  
'  *Diff1,Diff2,...,Diff8,<CR> 
'    ...Where: * is record start marker 
'              Diff1 - Diff8 are Differential measurements (mV) 
'              <CR> is a carridge return (ASCII 13) 
' 
' Date:   1-Feb-2011 
' Auther: J Cole-Baker / GNS Science 
' 
'************************************************************** 
 
SequentialMode 
 
Public RTDData(8)   ' Array to store voltages 
 
BeginProg 
 
  ' *** Open the serial port (used to send data to the master): ***   
  SerialOpen (Com1,38400,0,0,200)  
   
  ' *** Slow Sequence: *** 
  ' This will create a loop which will wait for  
  ' a signal on C3 and immediately carry out measurement when 
  ' the signal is received.  
   
  SlowSequence 
  Do 
    ' ** Pause and wait for signal: ** 
    WaitDigTrig(3,0)   ' Wait for rising edge on C1... 
    ' ** Signal received: Make measurement: ** 
    VoltDiff (RTDData(), 8, mV2500, 1, 1, 0, _50Hz, 1.0, 0.0 )  ' Measure 
the differential inputs.    
    ' ** Send the data to the master as a string: ** 
    SerialOut (Com1, "*" + RTDData(1) + ","  + RTDData(2) + ","  + 
RTDData(3) + ","  + RTDData(4) + ","  + RTDData(5) + ","  + RTDData(6) + 
","  + RTDData(7) + ","  + RTDData(8) + CHR(13), "", 0, 0 ) 
  Loop                
 
EndProg 
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APPENDIX 5:   WIRELINE LOGGING SITE NOTES 

Notes provided by Gareth Hay, Subsurface imaging. 

 

Logging Dates: February 1 – 5, 2011 

Logged by: Gareth Hay, Subsurface Imaging Ltd 

Location: Gaunt Creek, South Westland 

Boreholes: DFDP-1A (100m), DFDP-1B (150m) 

Sondes Used:  

9055 Neutron / Resistivity 

9239 Dual-Spaced Density 

9310 Full-Wave Sonic 

9410 Dipmeter 

9721 E-M Flowmeter 

9804 Accoustic Televiewer 

Manufacturer: Century Geophysical Corp (USA). 

Magnetic Declination: 22°55’ 

Drill Rod Size: HWT 
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Event Log: 

All borehole logs run upwards. 

DFDP-1B: 

1/2/2011: 

10:25 – 21:35: Logging 9239 inside rods 12m-146m. Initial problems with power supply, 
rectified by securing extension lead to genset with elastic cord. 

12:35 – 13:45: Pulling rods. 

13:45 – 14:15: Dummy run to 142m. 

14:15 – 17:00: Logging 9804 open-hole 39m-139m. Unable to calibrate calliper function on 
site due to software issue. Calliper values re-calibrated during processing phase. 

17:30 – 18:15: Logging 9055 open-hole 0m-139m. 

18:35 – 19:30: Logging 9310 open-hole 41m – 139m. Standard logging procedure used: 
Automatic gain, full-wave, 1048usec collection window. 

19:40 – 20:20: Logging 9239 open-hole 27m – 139m. 

21:20 – 22:55: Logging 9410 open-hole 43m – 138m. 5 runs total. Resistivity drivers trip out 
at the fault where resistivity values are very high. The issue was persistent so we collected a 
number of logs above the fault with the bottom of each log as close as possible to the fault 
without tripping out the res drivers. Current/Resistivity data between 127.75m and 128.75m 
is not reliable. 

23:30: Off Site. 

2/2/2011: 

08:30: On Site. 

08:45 – 09:00: Dummy run to 140m 

09:45 – 14:30: Logging 9310 open-hole 44m – 136m. Collection window extended to 
4000usec. Fixed manual gains used, as seen in specific logging notes below. 

14:55 – 21:30: Logging 9721 open-hole 0 – 133m. 13 logs total including calibration runs and 
flow stations. 

DFDP-1A: 

4/2/2011: 

08:00: On Site. Drilling problems, rods stuck in hole. 

14:45 – 15:45: Logging 9239 in rods 15m – 96m. 

15:45 – 16:55: Pulling rods. 
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16:55 – 17:05: Dummy run, hole bridged at 89.5m. 

17:05 – 18:10: Re-drill to TD, pull rods back to 81m. 

18:10 – 18:20: Dummy run to 94m. 

18:20 – 19:00: Logging 9055 from 81m – 94m. 

19:00 – 19:40: Attempt 9804 run. Sonde would not go down inside HWT rods with the 
centralizers on. Pull back out to attempt later on. 

19:40 – 20:35: Logging 9310 from 78m – 92m. 2 logs run with fixed gains and 4000usec 
collection window. 

20:40 – 21:05: Logging 9239 from 79m – 92m. 

21:10 – 22:05: Logging 9410 from 76m – 92m. 4 logs total, with similar resistivity driver 
issues to DFDP-1B. Current/Resistivity data between 90.2m – 90.9m and 91.9m – 92.1m is 
unreliable. 

22:30: Off Site. 

5/2/2011: 

09:00: On Site. HWT rods have been pulled, casing is now at 30m. 

09:10 – 09:30: Dummy run to 81.4m. 

09:35 – 10:05: Logging 9055 open-hole 24m – 79m. 

10:10 – 11:20: Logging 9804 open-hole 27m – 80m. 

11:30 – 13:00: Logging 9310 open-hole 26m – 79m. 2 logs total with fixed gains and 
4000usec collection window. 

13:05 – 13:35: Logging 9239 open-hole 28m – 79m. 

13:45 – 14:25: Checked 9410 callipers for damage, none found. Logging 9410 open-hole 
28m – 79m. 

15:00: Off Site. 

 

Specific Logging Notes (not found in log headers): 

How to read the Log names: 

The Log names contain important information about the log, and are presented as follows: 

BH name_Date (mm-dd-yy)_Time_Sonde_Sample Interval (in m)_Log Top_Log 
Bottom_Processing. 

Examples: 

DFDP-1A_02-05-11_10-33_9804A_005_27.13_81.92_ORIG 
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This log is from DFDP-1A on the 5th of Feb 2011 at 10:33am. The sonde used is the 9804 
Televiewer (see page 1 for Sonde model numbers). Sample Interval is 0.005m. Top of log is 
at 27.13m and the bottom is at 81.92m. ORIG means this is an original, raw log. 

DFDP-1A_02-04-11_20-25_9310A2_.02_77.06_93.17_PROC 

Again DFDP-1A, this time on the 4th of Feb 2011 at 8:25pm. The sonde is the 9310 Sonic. 
Sample Interval is 0.02m. Top of log 77.06m, bottom 93.17m. PROC means this is a depth-
corrected, processed file. 

DFDP-1B_02-01-11_21-42_9410A_005_117.79_141.06_DEVI 

This log is from DFDP-1B on the 1st of Feb 2011 at 9:42pm. 9410 Dipmeter with a sample 
interval of 0.005m. Log is from 117.79m to 141.06m. DEVI means this has been processed 
for deviation. Only Televiewer and Dipmeter files are processed for deviation. 

 

Additional Logging notes: 

DFDP-1A: 

DFDP-1A_02-04-11_15-10_9239B_.01_14.37_97.99_PROC 

Short-arm Calliper, open. 

125mCi Cs137 source, SN#VL-1-592 

Run inside rods. Density values affected by drill rods and not a true reflection of rock density. 
Resistivity data useless (steel rods). 

DFDP-1A_02-04-11_18-51_9055A_.01_89.51_94_PROC 

Discard file. Mudfish electrode not connected. 

DFDP-1A_02-04-11_18-59_9055A_.01_77.01_94.01_PROC 

Mudfish electrode buried in drill mud approximately 1m from borehole. 

1.0Ci Am-241 source, SN#VL-1-432 

No temperature sensor in 9055, ignore temperature data. 

DFDP-1A_02-04-11_20-05_9310A2_.02_77.32_93.19_PROC 

Gain settings (Near and Far): Preamp “medium”, gains x1. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1A_02-04-11_20-25_9310A2_.02_77.06_93.17_PROC 

Gain settings (Near and Far): Auto gains. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1A_02-04-11_21-04_9239C_.02_79.57_94.92_PROC 
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Short-arm calliper, open. 

125mCi Cs137 source, SN#VL-1-592 

Logged open-hole. 

All Dipmeter (9410) files: 

Res pads checked post-logging, only slightly (~30%) worn, well within operating limits. 
Possible power supply problem, which causes resistivity drivers to trip out at the res “shock” 
at the fault. SSI is currently investigating this problem and will advise on outcomes as soon 
as possible. 

DFDP-1A_02-05-11_10-02_9055A_.02_25.01_81.82_PROC 

Mudfish electrode buried in drill mud approximately 1m from borehole. 

1.0Ci Am-241 source, SN#VL-1-432 

No temperature sensor in 9055, ignore temperature data. 

DFDP-1A_02-05-11_10-33_9804A_005_27.13_81.92_DEVI 

Gain settings: x4 

Calliper values re-calibrated during processing phase and are accurate. 

DFDP-1A_02-05-11_11-47_9310A2_.02_25.46_80.95_PROC 

Gain settings (Near and Far): Preamp “medium”, gains x1. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1A_02-05-11_12-30_9310A2_.02_26.92_80.91_PROC 

Gain settings (Near and Far): Auto gains. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1A_02-05-11_13-28_9239C_.01_28.61_81.64_PROC 

Short-arm calliper, open. 

125mCi Cs137 source, SN#VL-1-592 

Logged open-hole. 

DFDP-1B: 

DFDP-1B_02-01-11_10-55_9239B_.01_100.69_147.54_PROC 

DFDP-1B_02-01-11_12-20_9239B_.01_25.85_107.95_PROC 

Short-arm calliper, open. 

125mCi Cs137 source, SN#VL-1-592 
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Run inside rods. Density values affected by drill rods and not a true reflection of rock density. 
Resistivity data useless (steel rods). 

These files can be merged. Break is due to a power failure. 

DFDP-1B_02-01-11_15-42_9804A_005_40.26_141.74_DEVI 

Gain settings: x4 

Calliper values re-calibrated during processing phase and are accurate. 

DFDP-1B_02-01-11_18-00_9055A_.02_1.04_141.49_PROC 

Mudfish electrode buried in drill mud approximately 1m from borehole. 

1.0Ci Am-241 source, SN#VL-1-432 

No temperature sensor in 9055, ignore temperature data. 

DFDP-1B_02-01-11_19-02_9310A2_.02_41.15_140.56_PROC 

Gain settings (Near and Far): Auto gains, Full Wave. 

Collection and Amplitude windows: 1024usec (default). 

DFDP-1B_02-01-11_20-04_9239C_.02_27.52_141.44_PROC 

Short-arm calliper, open. 

125mCi Cs137 source, SN#VL-1-592 

Logged open-hole. 

DFDP-1B_02-02-11_10-31_9310A2_.02_44.49_138.74_PROC 

Gain settings (Near and Far): Preamp “high”, gains x1. Full Wave. 

Collection and Amplitude windows: 1024usec (default). 

DFDP-1B_02-02-11_11-13_9310A2_.02_43.81_138.6_PROC 

Gain settings (Near and Far): Preamp “medium”, gains x1. Full Wave. 

Collection and Amplitude windows: 1024usec (default). 

DFDP-1B_02-02-11_11-58_9310A2_.02_45.05_138.37_PROC 

Gain settings (Near and Far): Preamp “low”, gains x1. Full Wave. 

Collection and Amplitude windows: 1024usec (default). 

All Dipmeter (9410) files: 

Res pads checked post-logging, only slightly (~30%) worn, well within operating limits. 
Possible power supply problem, which causes resistivity drivers to trip out at the res “shock” 
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at the fault. SSI is currently investigating this problem and will advise on outcomes as soon 
as possible. 

DFDP-1B_02-02-11_12-56_9310A2_.02_107.98_138.27_PROC 

Gain settings (Near and Far): Preamp “low”, gains x1. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1B_02-02-11_13-33_9310A2_.02_44.03_138.13_PROC 

Gain settings (Near and Far): Preamp “medium”, gains x1. Full Wave. 

Collection and Amplitude windows: 4000usec. 

DFDP-1B_02-02-11_17-13_9721SH_.1_44.94_133.64_PROC 

Flowmeter run at 1m/min (see LRATE log for accurate log speeds) from TD to 101.28m. 
Flow station readings taken at 128.74m (Alpine Fault) and 101.28m. Logging continues from 
101.28m to 44.03m at 6m/min. 

DFDP-1B_02-02-11_18-55_9721SH_.1_106.99_128.59_PROC 

Response test. Flow station taken at Alpine Fault (128.59m). Borehole filled, second flow 
station failed so log run in time drive at 1m/min after borehole filled. Note the sonde remains 
stationary in position at the Alpine fault, the system runs assuming the sonde is moving up 
the hole at exactly 1m/min. Therefore 1m in the depth scale can be taken as 1min of time. 

DFDP-1B_02-02-11_19-45_9721SH_.1_99.99_128.59_PROC 

Logged from Alpine Fault up to 100m at a constant 2m/min. 

DFDP-1B_02-02-11_20-01_9721SH_.1_89.99_101.19_PROC 

Sonde held stationary at 101.19m, run in time drive at 1m/min. 

DFDP-1B_02-02-11_20-13_9721SH_.1_66.99_101.19_PROC 

Logged from 101.19m to 66.99m at 2m/min. 

DFDP-1B_02-02-11_20-30_9721SH_.1_57.09_68.19_PROC 

Sonde held stationary at 68.19m, run in time drive at 1m/min. 

DFDP-1B_02-02-11_20-41_9721SH_.1_49.99_68.19_PROC 

Logged from 68.19m to 49.99m at 2m/min. 

DFDP-1B_02-02-11_20-51_9721SH_.1_39.99_51.19_PROC 

Sonde held stationary at 51.19m, run in time drive at 1m/min. 

DFDP-1B_02-02-11_21-03_9721SH_.1_44.99_51.09_PROC 

Logged from 51.09m up to 44.99m at 1m/min. 
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DFDP-1B_02-02-11_21-09_9721SH_.1_17.39_46.09_PROC 

Sonde held stationary at 46.09m, run in time drive at 1m/min. Exactly 5 min (5 metres on the 
depth scale) after the start of the log the hose was removed from the borehole and the level 
started to drop. Depth to waterline measurements were taken every minute (every metre) 
from then on. 

Processing Notes: 

General Processing: 

Depth corrections: 

Logs are collected using a visible, reproducible datum, in this case the top of the casing or 
top of rods if they are present in the hole. The elevation of this datum above GL is recorded 
in the logging notes. 

When the tool returns to the datum point at completion of logging the depth given by the 
system is checked and recorded. In theory the depth should always read zero but this is not 
always the case as small errors in depth recording can occur due to movement of the winch 
or pulley, as well as errors caused by the high-speed tripping in of the tool. This is known as 
the Depth Error. 

The depth recorded at the completion of logging is more reliable than the depth before 
tripping in as the slow up-hole logging speed makes the depth counter run more accurately. 
Therefore every log file is “depth-adjusted” by subtracting the elevation of the datum point 
(above GL) and adding or subtracting the recorded “Depth Error”. 

Dipmeter Processing: 

Subsurface Imaging uses the native Century Geophysical Corp. software for all data 
collection and processing. The Display program is used to automatically calculate the 
borehole deviation data from tools such as the Dipmeter and Televiewer. This “DEVI” file 
includes information such as east and north deviation, total deviation, true depth and pad 
azimuth. 

DEVI files are loaded into another Century Geophysical program “Compudip” for dip 
processing. The operator enters the parameters of the required dip logs and the program 
automatically correlates the data from the four resistivity pads and converts this to formation 
dips and strikes. 

For DFDP-1 holes the following parameters were used: 

 Window Size: 1.0m 

 Step Size: 0.5m 

 Search Angle: Either 35° or 65°, as shown in the file name “DIP35” / “DIP65”. 

 Calc Interval: 0.25m 

Due to suspected resistivity driver problems (internal boards on the tool), one or more of the 
res pads has not functioned properly in these logs and the data does not carry a high degree 
of confidence. 
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Televiewer Processing: 

After deviation processing (as above) the Televiewer data is manually processed by picking 
sine curves and other structural indicators in the image section of the log. To do this the 
operator picks two points on an observed curve and is given a resulting sine curve, which 
must then be adjusted and fine-tuned to fit the observed curve 

 
Figure 1: Raw Televiewer image 

 
Figure 2: Processed Televiewer image 

The colours of the curves indicate the confidence value of that particular curve pick. A simple 
confidence scale was used: 
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TYPE A (magenta): Very strong curve correlation, seen in both amplitude and time windows. 
High confidence pick. 

TYPE B (blue): Good curve correlation. May have some phase, depth or amplitude 
ambiguity, or may be obvious in only one window (amplitude or time). Medium confidence 
pick. 

TYPE C (yellow): Some curve correlation or only partial curve visible. Only seen in one of the 
two windows. Phase, depth and/or amplitude demonstrate some ambiguity. Low confidence 
pick. 

Tadpoles are created using these picked curves and the deviation data in the log. There are 
three methods for generating tadpole logs from Televiewer logs: 

Method 1 

Pick/edit the Structural Dip and the +/- deviation degrees. 

Tadpoles which fall within the normal range will get a correlation value of 50. 

Tadpoles which fall outside the tolerance deviation will get a correlation value of 100. 

Method 2 

Automatically uses the from_depth and to_depth to try to pick out the biggest sinusoidals and 
to give them a correlation value of 100. All other tadpoles will have a correlation value of 50 
and will appear as normal black tadpoles. 

Method 3 

All tadpoles are created equal, with a correlation value of 50. 

This batch of Televiewer logs has been processed using Method 3. All tadpoles are black. 
The corresponding curve colours in the image log give an indication of the confidence of the 
curve and therefore tadpole values. 

 

The following pages are copies of field notes 
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