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ABSTRACT 

New Zealand’s Alpine Fault is a site of global importance for the study of active geological 
faults. The Alpine Fault provides an opportunity to study a major fault late in the cycle of 
stress accumulation ahead of a future earthquake, to search for precursors to large 
earthquakes, and to understand the long-term evolution of faults and the formation of fault 
rocks. The fault’s self-exhuming geometry, relative geological simplicity, and rapid and 
precisely-known slip rates, mean its accessible surface exposures have already been the 
subject of >40 years of intensive research.  

The goal of the Alpine Fault, Deep Fault Drilling Project (DFDP) is to go beneath the surface, 
to sample and make observations of the fault rocks and physical conditions at a range of 
depths, and monitor these over coming decades. To date, no active fault drilling experiment 
has targeted the mid-crustal roots of a long-lived active fault, or addressed fault zone 
evolution throughout the seismogenic zone and towards the brittle-ductile transition. 

DFDP-2A drilling started in August 2014 and DFDP-2B was completed in January 2015, 
having reached a maximum depth of 893 m. Technical problems, most notably the loss (and 
recovery) of the bottom-hole assembly on two occasions, caused delays in the drilling 
schedule, and the failure of a casing string ultimately caused drilling to be terminated at a 
shallower depth than planned and before the fault had been intersected.  

A very extensive data set was collected including geological, geophysical, geochemical and 
hydraulic measurements extending the length of the DFDP-2B borehole. Samples of rocks 
and fluids were collected, and a long-term observatory installed. Of particular significance are 
the observations that the geothermal gradient is extremely high, exceeding 140°C/km in the 
upper part of the borehole, and that the hangingwall is overpressured, as predicted prior to 
drilling. 

This report documents the technical planning and execution of DFDP-2 drilling, summarizes 
the scientific methods and types of data collected, and describes the observatory 
constructed. 

KEYWORDS 

Alpine; Fault; Deep Fault Drilling Project; DFDP-2; borehole; drill; cuttings; core; wireline; 
observatory; earthquakes; seismogenesis; fault mechanics 
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1.0 INTRODUCTION 

DFDP-2A drilling started in August 2014 and DFDP-2B was completed in January 2015. The 
drill site is located on private farm land in the Whataroa valley in southwest New Zealand 
(Figure 1).  

This report provides technical details of the DFDP-2 drilling program up to January 2015. The 
report is structured around three types of information: (1) background to the project and the 
pre-drill planning information that was used; (2) description of operations; and (3) analysis of 
what happened during and following drilling operations, and what has been learnt 
scientifically. 

 
Figure 1 Map of South Island, New Zealand, showing locations of population centres and the DFDP-2 drill-
site. The DFDP-1 drill-site (not illustrated) lies approximately 7 km southwest of DFDP-2, at Gaunt Creek. 

DFDP is a multi-stage scientific investigation of the Alpine Fault in western South Island, 
New Zealand (Figure 1). DFDP science goals were developed by a large group over a 
significant time (Table 1), and are listed below. 
1. How and why do earthquakes happen? DFDP is the first detailed study of an 

active fault that is due to rupture in a large earthquake. Previous fault zone 
drilling experiments have targeted faults that recently ruptured in an earthquake. 
We aim to measure ambient conditions and sample rocks, and will install sensors 
to monitor natural phenomena before an earthquake.  
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2. How does slip on a large geological fault occur? A broad range of processes, 
in addition to earthquakes, are significant. Of particular interest is the mid-crust 
(150-350°C), because it hosts: a downwards transition from brittle to ductile rock 
deformation and hence unstable to stable sliding; earthquake nucleation and 
predominant moment release; a peak in the crustal stress envelope; and 
fundamental changes in fluid transport and mineralisation processes. The central 
Alpine Fault is an ideal site because it has good exposures, well-known fault 
kinematics, rapid exhumation on a dipping fault, and high temperature gradients.  

DFDP technical goals are: 
1. to collect rock, fluid, and gas samples;  
2. to make diverse down-hole observations; and 
3. to install sensors for long-term monitoring. 

DFDP strategy involves drilling to progressively greater depths along a rock exhumation 
trajectory to identify how processes and ambient conditions on and around the fault change 
with depth, and hence to predict ambient conditions and rock types at even greater depth, 
specifically within the mid-crust.  

The first phase of DFDP drilling was completed in 2011 at the DFDP-1 site at Gaunt Creek, 
which is 7 km southwest of the DFDP-2 site adjacent to Whataroa River (Figure 2). 
Boreholes DFDP-1A and DFDP-1B reached depths of 101 and 152 m, respectively, adjacent 
to one of the best-studied outcrops of the Alpine Fault [Cooper and Norris, 1994; Toy et al., 
2015]. All technical goals were achieved [Sutherland et al., 2011; Townend et al., 2009]. 
DFDP-1 was the first drilling investigation of the Alpine Fault and associated research has 
already produced significant science impact [Boulton et al., 2012; Boulton et al., 2014; 
Carpenter et al., 2014; De Pascale and Langridge, 2012; Ikari et al., 2014; Ikari et al., 2015; 
Schleicher et al., 2015; Sutherland et al., 2012; Townend et al., 2013; Toy et al., 2015].  

The design depth for drilling at the DFDP-2 site was determined by two factors: (1, science) 
finite-element models showed that stress, hydrology, and temperature is strongly perturbed 
by local topography at depths <1000 m; and (2, finance) drilling technology becomes much 
more expensive at drilling depths of >1500 m, because this is the limit of standard minerals 
industry diamond drilling equipment. Our design depth was chosen to have a fault 
intersection at 1000 m depth, with a total depth of drilling of 1300 m, with contingency to 
reach 1500 m. 
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Table 1 DFDP timeline. 

Date Event. 

2006 Preliminary outline plan constructed. 

2007/01 ICDP pre-proposal submitted. 

2007/10 NZ workshop to respond to ICDP feedback and develop the project. 

2008/01 ICDP workshop proposal submitted. 

2009/03 ICDP international workshop held at Franz Josef Glacier and initial technical plan drafted. 

2010 Funding support obtained from NZ Marsden Fund. Significant funding obtained from institutions 
(NZ, UK, Germany) for a pilot study, which was a technical recommendation of the workshop.  

2011/01 DFDP-1A (100 m) and DFDP-1B (152 m) completed successfully. Significant public engagement 
and high impact, but followed three weeks later by the Christchurch earthquake (2011/02). 

2011/01 Site surveys start at DFDP-2 site (WHATADUSIE). 

2012/04 ICDP funding obtained for DFDP-2 (with extended scope on initial proposal). 

2013 Additional work on site survey data. Local earthquake and groundwater monitoring system installed 
in boreholes around DFDP-2 proposed site and potentiometric survey of the wider Whataroa region 
conducted to provide baseline data for safety analysis. Public outreach material prepared. 

2013/07 Technical plan improved, international advisory group consulted, international (tele-conference) 
workshop held in Dunedin. Decision made to focus on one deep borehole. 

2013/08 Technical documentation improved and Expressions of Interest formally sought from contractors by 
the Science Drilling Office at Victoria University of Wellington. Six responses. 

2013/09 Tender documentation completed and formal tender process started. 

2013/10 Tenders close. Four formal responses. Significant operational issues raised. Documentation 
improved and two top-ranked contractors asked to resubmit tenders. 

2013/12 Decision made to contract a Webster-Eco JV to drill DFDP-2. 

2014/04 International science meeting, Wellington, to discuss final site location and technical plan. Site 
marked out and plan constructed. 

2014/04 Independent international Safety Review Panel chaired by Bill Ellsworth meets that includes 
seismicity, environment, and drilling experts and senior representatives of key national 
stakeholders (EQC, DOC, Natural Hazards Platform). Panel confirms that technical plans are safe 
and appropriate, and monitoring and response protocols are adequate. 

2014/07 Site works start. 

2014/08 Pre-collar drilling through sediment starts. Subcontracted to Washington Drilling. DFDP-2A did not 
reach solid rock, so abandoned, replanned, and DFDP-2B started. 

2014/10 Main phase of DFDP-2B drilling in solid rock starts. 

2014/11 Intended end to DFDP-2B drilling passes due to slow progress caused by technical problems. 

2014/12 Broken casing at 893 m depth results in decision to complete and abandon DFDP-2B. 

2015/01 DFDP-2B made safe and completed as an observatory. 

2015/03 Post-drilling technical workshop (2 days). 
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Figure 2 Location of the DFDP-2 site (170.4066, –43.2907). The upper map shows the location of the site 
with respect to nearby towns and the Whataroa River. The lower map shows 1 m contour intervals derived from a 
LIDAR survey.  
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2.0 DFDP-2 MANAGEMENT AND TECHNICAL ADVICE 

The project is collaborative between a large group of scientists and funded from multiple 
sources. The DFDP-2 Science Team has 117 people from 12 countries. Overall 
management of the DFDP-2 project was by Rupert Sutherland at GNS Science, where co-
mingled finances were accounted for and contractual arrangements made. The largest 
funder of the drilling operations was the International Continental Scientific Drilling Program 
(ICDP), which is managed by the German Research Centre for Geosciences 
(Geoforschungszentrum, GFZ), but significant funds were provided by the New Zealand 
Government (Marsden Fund, MBIE), GNS Science, Victoria University of Wellington, and the 
University of Otago. 

The primary drilling contractor was a Joint Venture (JV) between Webster Drilling and Eco 
Drilling, two local New Zealand companies with extensive experience in both the petroleum 
(open hole, casing, etc.) and minerals (diamond drilling) industries. Several of the drilling 
engineers involved, including the Head Driller, had relevant experience on previous scientific 
drilling projects (lake drilling, Andrill). The contractual chain of command was defined for 
financial responsibilities to be between the JV and GNS Science, and operationally between 
the Chief Scientist (GNS representative, Rupert Sutherland) and Head Driller (JV 
representative, Tony Kingan). Daily meetings were held every day on site during operations 
between the Chief Scientist and Head Driller. 

The lead technical advisor for the project was Alex Pyne, Science Drilling Office (SDO), 
Victoria University of Wellington. Alex was Head Driller on the Andrill project and has >30 
years of scientific drilling practical experience. The SDO provide support services that 
included: coordination of technical specification of the project; assistance with the tender 
process to select a contractor; and onsite day-to-day technical advice during operations.  

The Operational Support Group of ICDP was kept informed of progress and technical 
specifications and updates were provided as they were developed. A number of very useful 
email exchanges occurred with Bernhard Prevedel (drilling engineer with ICDP), but no ICDP 
drilling or logging engineers were available to help onsite during the operational period. 
Ronald Conze from ICDP assisted with establishment onsite of the Drilling Information 
System, a database of samples collected, and the online gas monitoring system was 
installed by GFZ scientists Thomas Wiersberg and Martin Zimmer.  

We convened a formal Advisory Group during the early stages of the project that included 
eminent scientists with relevant leadership experience. In the year before drilling, we invited 
Bill Ellsworth (USGS, PI of SAFOD drilling project; see later section) to convene a Safety 
Review Panel that included engineers such as Lindsay Fooks. Lindsay is a very experienced 
(40 years) drilling engineer that specialises in geothermal projects. The much hotter 
temperatures than expected meant that Lindsay’s advice was invaluable, and we very much 
appreciate his input and willingness to fly south and advise us on several occasions. 

Within our DFDP Science Team we had several members with extensive experience on 
scientific drilling sites, such as Doug Schmitt (on site for most of the project) and Steve 
Hickman (onsite for just a few days). Harold Tobin and Damon Teagle had experience as 
leaders of IODP projects. 

Every effort was made to secure technical advice, but it was the responsibility of the JV to 
provide equipment that was fit for purpose, and we also relied heavily on them for advice on 
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how to operate better and safer. The JV had overall responsibility for safety at the site, and 
the JV took financial risk associated with equipment failure. 



 

 

GNS Science Report 2015/50 7 
 

3.0 DFDP-2 SITE SELECTION AND EVALUATION 

An international workshop with 65 participants was held at Franz Josef Glacier in 2009 to 
discuss DFDP science and technical objectives, and to determine the location of DFDP-1 
and DFDP-2 sites [Townend et al., 2009]. Choices for the DFDP-2 site were limited by 
logistical constraints. The best site from a science perspective is where maximum uplift rates 
are found, because all facets of the geology occur at shallower depths. However, these 
locations are also where access is most difficult, because it is the most rugged mountainous 
terrain (and is designated as a protected environment within a national park). The Whataroa 
River site was chosen as highest priority, with a Wanganui River site as secondary.  

Lidar data were collected to construct a detailed map (2 m horizontal resolution) of the fault 
trace and Whataroa River terraces [Barth et al., 2012; Langridge et al., 2014]. A 640-channel 
(dynamite sources) seismic-reflection survey (WHATADUSIE) was undertaken as a 
collaboration between New Zealand, Canada, and German scientists, led by Andrew 
Gorman (University of Otago, NZ). These data record reflected energy to two-way travel 
times of c. 2-3 s that image the sedimentary section and contain arrivals that are modelled to 
originate as reflections from the Alpine Fault. High-frequency 96-channel (stacked hammer 
sources) seismic lines were acquired near to the drill site and near to the projected location 
of the Alpine Fault. These data record reflected energy to two-way travel times of c. 0.5 s and 
partially image the sedimentary section. A detailed gravity survey was undertaken near to the 
drill site, to try and constrain the overall sediment thickness variation in the valley (Figure 3). 
A potentiometric groundwater survey was completed to define the elevation of the shallow 
unconfined water table surface about the drilling site and lower Whataroa valley. 

An international workshop was held in Dunedin in July 2013 to discuss site survey results 
and develop ideas for exactly where and how drilling should occur. Two sites were proposed: 
(1) a shallow (300 m) fault intersection near to the Whataroa road bridge, to confirm fault 
zone structure and location; and (2) the primary site with a deeper (1000 m) fault intersection 
on the terrace upstream of the road bridge. However, on the basis of the site survey data, it 
was decided by the group to abandon the shallow intersection, because there is evidence for 
shallow partitioning into multiple fault strands (steep strike-slip and gently-dipping thrust 
faults), and it was agreed that resources were better focussed on the deeper site.  

Further processing of WHATADUSIE data and geometrical considerations of local structural 
geology (mylonite fabrics) led to a concern that the fault may dip more steeply to 1 km depth 
than previously thought, so a site farthest downstream (north) on the terrace by the river was 
chosen. This choice was confirmed at an international workshop held in Wellington in April 
2014, to discuss technical details of drilling and to make final group decisions on the precise 
location of the borehole. A visit to the DFDP-2 site with drillers and engineers was made 
immediately after the April 2014 workshop, during which a peg was hammered into the 
ground at the proposed borehole location (Figure 4), and after which a detailed design of the 
drill site layout was constructed.  
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Figure 3 Location of survey data. Colour image is LIDAR data. 
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A 

 
B 

 
Figure 4 (A) Photo of the DFDP-2 site looking up valley before site works start (12/4/2014); from left to right: 
Alex Pyne, Tony Kingan, Rupert Sutherland, Ray Marx, Tony Lyons. Photo: V. Toy. (B) Photo of the site looking 
down valley at the start of DFDP-2A drilling (27/8/2014). 
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4.0 DFDP-2 PRE-DRILL ANALYSIS AND DESIGN 

Technical design of the borehole needed to account for diverse observation needs (cores, 
wireline geophysics, hydraulic tests, instrument installation) and issues presented by local 
geology and hydrology. The target total depth (TD) was 1.3 km, with contingency to reach 
1.5 km. We aimed for a (nominal) fault intersection at 1.0 km. Sections 4.1 – 4.3 are the 
(unedited) text provided to contractors before drilling started. 

4.1 GEOLOGY (PRE-DRILL) 

4.1.1 Quaternary sedimentary valley infill 

Holocene river gravel (depth 0 – 8 m). Cobbles and boulders common, with possible loose 
sand layers. Exposed in active river bank. 

Post-glacial pebbly gravel containing cobbles and boulders (8 – 80 m). Top drilled 
previously and exposed at river level in active channel, and in riser of high terrace on 
opposite side of river to helipad. Depth to base inferred from consideration of uplift history 
and past sea level, and is highly uncertain. 

Cohesive silt with sand or gravel layers, and scattered cobbles or boulders becoming 
common near the base (80 – 100 m). Rock type inferred from comparison with post-glacial 
lake and marine sediments in other valleys. Depth to basement (max c. 250 m) imaged using 
seismic reflection data and interpolated using gravity data. The borehole is located off-valley-
axis, with the aim to reduce the total depth of sediment penetrated to c. 100 m. 

4.1.2 Alpine Schist and mylonite (hanging-wall) 

Fractured schist, gneiss, and mylonite with a strong moderately-dipping foliation (100 to 950 
m). The rock type is widely exposed in surrounding mountains. It has been drilled in DFDP-1 
(Waitangitaona River) and during development of the Amethyst project (Wanganui River). 
The lower part of the sequence is progressively finer grained (mylonite) and strongly-
fractured, but has relatively high hardness (6 – 7 on Mohs’ scale) controlled by quartz and 
feldspar minerals (similar to granite).The basal highly-fractured mylonite was incohesive and 
difficult to core in the DFDP-1 experiment (<100 m depth), but was drilled with an open hole 
without difficulty.  

4.1.3 Brittle fault rocks (includes the Principal Slip Zone – PSZ) 

Semi-cohesive cataclasite that is cemented (clay, carbonate, similar to calcareous 
mudstone) and relatively soft (2 – 4 on Mohs’ scale) near to the fault (950 – 1000 m). The 
fault PSZ, which is of particular interest, is a cohesive gouge (claystone), and likely to be <2 
m thick. The total thickness of brittle fault rocks is likely to be <50 m. Although this unit is 
heterogeneous and fractured, and consequently challenging to core, we carefully and 
successfully obtained >90% core recovery from this unit in DFDP-1. It is a high priority to 
obtain good-quality cores from this unit. 

4.1.4 Footwall (below PSZ) 

Fractured granite, gneiss, and metaquartzite (1000 – 1300 m) is expected, but there remains 
considerable uncertainty about the composition and nature of rocks immediately beneath the 
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fault. This is because equivalent rocks are poorly exposed at the surface northwest of the 
fault (the footwall). We may encounter splays of the fault that represent abandoned (or 
active?) surfaces. A range of rock types is thus possible: mylonites similar to those above the 
fault, cohesive fault rocks, or fractured and altered granite or metaquartzite. It is likely but not 
certain that rocks will be softer (chemically altered) than fresh equivalents found farther from 
the fault. 

4.2 FLUIDS, GASES, AND TEMPERATURES AT DEPTH (PRE-DRILL) 

It is extremely unlikely that we will encounter any coal, oil, or gas.  

We expect the fluid pressure gradient to be greater than hydrostatic above the fault, and 
hence we will require a weighted mud system. This pressure gradient, and the associated 
upward flow of fluids in the valley, is driven by the head of water percolating through adjacent 
mountains (Figure 5). Hot springs in alpine valleys are related to this fluid dynamic. We have 
constructed 2D and 3D finite-element models using a range of assumptions and find that the 
most likely value of excess artesian head is in the range 50 – 150 m (0.5 – 1.5 MPa, 70 – 
220 psi) at 1000 m depth. The worst-case (very unlikely) scenario model gives a value of c. 
250 m head at 1000 m. We will have well-head pressure control equipment appropriate for 
this range of pressures.  

Mountains = High pressure
Alpine Fault
barrierCoastal plain = Low pressure

Footwall

Alpine 
Schist

Mylonite

Silt
Gravel

 
Figure 5 Cross-section (pre-drill) parallel to strike of the moderately-dipping Alpine Fault. 

In DFDP-1 we observed that the fault was a natural barrier to fluid flow. The footwall of the 
fault is much less mountainous, so we expect a reduction in fluid pressure beneath the fault. 
This may cause operational challenges because water may flow into the borehole from 
above the fault and discharge into rock below the fault. Such a situation is likely to lead to 
borehole instability above the fault and is best avoided. Our technical plan accommodates 
this scenario. 
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We recorded a temperature gradient of 63°C/km in DFDP-1 and expect bottom-hole 
temperatures of 70 – 90°C in DFDP-2. However, the temperature of circulating drill fluids 
would be less than this, because fluid circulation cools the hole by several tens of degrees. 

4.3 TECHNICAL GOALS (PRE-DRILL) 

The primary technical objectives of the borehole lie in the bottom 500 m of the borehole (800 
– 1300 m depth). 
1. Grout (full annulus) steel casing in place to secure the borehole above 800 m 

depth. 
2. Collect core with minimum diameter 61 mm (HQ3 bit, triple-tube, wire-line) below 

800 m (Table 2). Coring PQ3 through the PSZ is preferred. HQ coring to TD as 
contingency. 

3. Use wire-line geophysical tools to log the open borehole (as completely as 
possible). 

4. Make hydraulic/stress observations using a downhole packer tool. 
5. Install permanent instruments to create a fault zone observatory. 

4.4 TECHNICAL DESIGN AND TIMETABLE (PRE-DRILL) 

Drilling will be conducted in two phases (Figure 6). The first phase will involve a drill rig 
usually used for water wells and will be used to install steel casing to about 100 m depth. The 
second phase will involve a multi-purpose rig that will drill, install casing and instruments, and 
collect rock cores using standard minerals industry coring tools.  

Table 2 Approximate sizes of diamond drilling equipment. 

Series Bit OD 
(mm) 

Rod OD 
(mm) 

Rod ID 
(mm) 

Core OD 
(mm) 

PWT 144 140 127  

PQ 123 114 102 85 

HQ 96 89 78 64 

NQ 76 70 62 48 

BQ  56 46  

4.4.1 Phase 1 – Case sediments (100 m): Before 1/10/2014 

Drilling and casing with simultaneous advancement of steel casing, to secure the upper 
borehole through sediment (0-100 m) and grout casing into schist beneath.  

Probable casing specification: 

0 – 30 m, 12” (300 mm OD) 

0 – 100 m, 10” (250 mm OD) 

We will collect and analyse cuttings and fines during drilling. 
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4.4.2 Phase 2A – Drill, log, case, test schist (800 m): 1-16/10/2014 

Rotary mud open-hole drilling. Cuttings will be analysed onsite to determine when to stop 
drilling. Wireline logging, installation of 7” steel casing, and full annulus grout. Rat-hole and 
hydraulic tests.  

4.4.3 Phase 2B – Drill, core, test, log, case to PSZ (1000 m): 16-30/10/2014 

Hang PWT casing to 800 m – in case of difficulties with borehole instability it can be 
advanced. PQ3 drilling and coring to the PSZ with wireline hydraulic tests at key intervals. 
Trip-out drill string. Wireline logging. Ream and advance PWT casing to low-permeability 
material above fault and cement shoe to secure hole above PSZ. 

4.4.4 Phase 2C – Drill, core, test to TD (1300 m): 30/10/2014 to 9/11/2014 

PQ3 drilling and coring to TD with wireline hydraulic tests at key intervals. Contingency to 
reduce to HQ coring.  

4.4.5 Phase 2D – Log and complete observatory: 9-14/11/2014 

Wireline logging beneath PSZ. Trip out. Detach or cut PWT casing above 800 m and 
remove. Advance observatory string of instruments. Complete by grouting with water 
injection at piezometer intervals. Completion plan shown in Figure 7 and details given 
elsewhere. 
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Figure 6 Summary of geology and technical plan. 
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Figure 7 Summary of planned completion details. 
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5.0 EARTHQUAKE SAFETY AND MONITORING 

5.1 PRE-DRILL ACTIONS 

There is widespread concern about the probability of a magnitude 8 Alpine Fault earthquake 
rupture in the next 50 years, which is calculated to have a probability of about 27% [Biasi et 
al., 2015]. Could our activities promote such a rupture? Could there be a perception we had 
caused a devastating earthquake, if it were to occur? We took these concerns very seriously. 

We followed a rigorous process of safety assessment. We invited William Ellsworth of the 
United States Geological Survey, who is a world expert on induced seismicity and was a 
principal investigator of the San Andreas Fault Observatory at Depth (SAFOD) project, to 
convene and chair an independent assessment panel. He convened a Safety Review Panel 
with the following members: 

• Dr William Ellsworth, Senior Research Geophysicist, United States Geological Survey  

• Prof Richard Sibson, Professor Emeritus of Geology, University of Otago (Deputy 
Chair)  

• Dr Kelvin Berryman, Director, Natural Hazards Research Platform, GNS Science  

• Mr Lindsay Fooks, Director, Geothermal Associates NZ Ltd.  

• Dr Geoff Hicks, Chief Scientist, Department of Conservation  

• Dr Warner Marzocchi, Chief Scientist, Istituto Nazionale di Geofisica e Vulcanologia  

• Dr Richard Smith, Manager (Science and Education), Earthquake Commission  

• Dr Eric van Oort, Professor of Petroleum and Geosystems Engineering, University of 
Texas  

The purpose of the safety review was to examine potential effect of the DFDP-2 project on 
the Alpine Fault by addressing the following questions: 
1. Will the drilling, as planned, have a significant effect on Alpine Fault seismic 

hazard? 
2. Are the geophysical baseline data, monitoring, and response protocols 

appropriate?  
3. Can modifications be made to the operational procedures that further reduce any 

effect of drilling on the Alpine Fault?  

We consulted with Dr. Ellsworth on several occasions during our planning, so that we could 
provide adequate information to the panel and design and install an appropriate monitoring 
system, which was required (clear from initial discussions; see below).  

The Safety Review Panel met for two days, 3-4 April 2014, after which they produced a full 
report. This report is included here as Appendix 2; the PIs’ response, a list of frequently 
asked questions arising from safety considerations, and an appraisal of the fluid geochemisty 
are also included as Appendices 3 – 5. The Safety Review Panel’s report contained the 
following key findings: 
1. Drilling as planned will have no significant effect on Alpine Fault Seismic hazard. 
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2. Geological and geophysical studies already completed to characterize the drill 
site and surrounding environment are sufficient and appropriate to guide the 
drilling. 

3. The drilling plan provides an adequate margin of safety assuming that the 
geology encountered in the hole conforms to the pre-drilling geologic model. 

4. Response protocols including the proposed traffic light (“Go, Caution, Stop”) for 
managing departures from anticipated conditions are in principle adequate but 
need to be finalized. 

5. The proposed real-time earthquake and gas monitoring systems are essential for 
the operation of the traffic light system and need to be tested and fully functional 
during all field operations. 

6. The decision process for resuming drilling following Caution or Stop needs to be 
clearly defined in the operational plan, including clearly understood rules and 
responsibilities for all those involved in the operation. 

7. Drilling through the fault and into the footwall is literally drilling into unknown 
territory, and consequently the Principal Investigators are encouraged to consider 
the consequences of encountering unanticipated geologic conditions that could 
be present, albeit unlikely, and discuss them with the drilling engineers and 
driller. 

8. DFDP-2 will in all likelihood be a high-profile project and as a consequence all 
project participants are encouraged to use public interest as an educational 
opportunity to promote earthquake risk reduction activities not only in Westland, 
but throughout the country. 

9. The chain of command for the project needs to be clearly defined, particularly for 
how important decisions will be made on short notice, as inevitably arise in 
drilling projects.  

10. A Communications Plan that provides information on the project and addresses 
anticipated questions and concerns from the public (FAQs) is highly 
recommended.  

We add the following notes to each of these findings respectively. 
1. We were pleased that the panel’s analysis agreed with ours. We would not 

knowingly propose a dangerous experiment. 
2. We put significant effort into drill site characterisation. 
3. The actual geology and fluid pressure measurements that are relevant to 

earthquake hazard (depths >300 m) closely conformed with our pre-drill 
expectations. 

4. This 24/7 monitoring system and response protocols were in place at the time of 
drilling, but there was no significant seismic activity. The entire period had status 
green. 

5. The seismic monitoring system was in place and tested prior to the experiment; 
and performed well during drilling. The online gas system generally worked well 
and was monitored continuously during drilling by watch keepers. However, the 
format that the data are produced in were not easy to analyse in real time. We 
developed systems during the experiment to improve this. We also introduced 
extra mud temperature monitoring, which proved useful, because of the 
unexpected high temperatures encountered. 

6. This was never put to the test. 
7. This was never put to the test, unfortunately, but it was considered. 



 

 

18 GNS Science Report 2015/50 
 

8. DFDP-2 was high-profile and we had effective communications that included 
Youtube and Blog (>20,000 hits during the experiment), as well as >50 
mainstream media stories (inc. several stories on national and international 
news), and an article in Nature. We had flags of all the countries and primary 
funders flying on the drill site. 

9. We had a clear chain of command: Sutherland was the overall leader and 
primary contact with the drillers. Toy and Townend provided oversight of the 
geological and geophysical science, respectively. Science shift leaders answered 
back to the PIs. Pyne interacted with the drillers to determine operational details 
and possibilities, and then provided expert engineering advice to the three 
Principal Investigators. The drillers had a ‘Head Driller’ (either Tony Kingan or 
Tony Lyons) and shift leaders that answered to them. The chain of command 
worked well, in our view. 

10. We had a team based at GNS Science (Julian Thompson, John Callan) that 
helped with the communications strategy and it proved effective. However, more 
could have been done, if more resources had been applied. The project did 
achieve very high national and international profile. It still has this profile. DFDP 
fitted well into other initiatives under way at GNS Science that included fault 
mapping and local zoning (Langridge), new research into earthquake hazard 
estimation (Berryman, Cochran, etc.) [Berryman et al., 2012; Biasi et al., 2015], 
and social science on public awareness of earthquakes (Becker). 

5.2 NETWORK AND TELEMETRY 

To aid the seismic monitoring of the drillsite a small-aperture array of four borehole 
seismometers was deployed in February 2013 (Figure 8; Table 3). These seismometers 
were installed within 1 km of the proposed DFDP-2 drillsite in 28 m-deep boreholes, with a 
geometry designed to target the bottom of the drillsite. The sensors deployed were HS-1, 
4.5Hz short-period devices with 2400 Ω/10 kΩ shunt resistor adapted for use by IESE 
(International Earth Sciences Ltd.). These sensors are attached to kevlar-sheathed cables 
and sanded into place for coupling at the bottom of the hole. Attempts were made to orient 
the sensors before lowering down the hole, but the sensors are likely to have rotated as they 
were run in and to date the orientations have not been remeasured using (e.g.) surface 
waves or teleseisms. 

Data from these sensors are recorded by RefTek-130 dataloggers loaned by IRIS/PASSCAL 
for the purpose. The data were initially recorded at a 250 Hz sampling rate, but this was 
reduced to 200 Hz during drilling to reduce the volume of telemetered data.  
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Figure 8 Photo of a seismic monitoring site (WDSZ) in the Whataroa Valley. The sensor is installed in a 28 m 
borehole below the grey instrument box. Power for the recording system and telemetry is provided by the solar 
panels and deep-cycle batteries (not visible). The small aerial to the right of the top solar panel is the cellular 
modem aerial.  

Four additional surface sites (Nolan’s Hut, Blue Lookout, Mt. Ferguson and Rotokino) that 
had previously been occupied between 2012 and 2014 as part of a National Science 
Foundation-funded project were reoccupied for the drilling period. Those four sites were each 
equipped with Guralp 3-ESP-C broadband sensors connected to RefTek 130 dataloggers. 
(Rotokino had been installed with an Earthdata datalogger from Australian National 
University but this was replaced with a Reftek 130 during the operational period to facilitate 
telemetry.) Data from a fifth surface site (Dymock’s) were intended to be incorporated in the 
analysis throughout the drilling period, but due to a failure of the sensor they were not used. 

Data telemetry systems were established in August 2014 with the assistance of staff from 
GeoNet (GNS Science) and IESE Ltd (Figure 9). Both radio-link and mobile wireless routers 
were tested for their suitability during a pre-drilling reconnaissance trip. Clear sight-lines 
could not be established between the sites and GeoNet’s Whataroa hub, precluding the use 
of radio-links. However, mobile coverage was found to be more than adequate and each site 
was thus equipped with a Hongdian cellular modem and aerial and the data streamed via the 
Vodafone cellular network. The telemetered sites were the four shallow boreholes, the 
Whataroa Quarry borehole, and the Rotokino surface site. 
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Table 3 Details of the seismic monitoring equipment used for real-time monitoring. 

Station Lat. (°) Long. (°) Elevation (m) Sensor Install date 

FOZ –43.566 169.687 10 Guralp CMG-3ESP 2004/10/13 

GCSZ –43.316 170.327 210 (–81 m borehole) IESE HS-2-shunted 2 Hz 
sensor #519 

2012/04/01 

RPZ –43.715 171.054 453 Guralp CMG-3TB 2001/06/06 

WDSZ –43.294 170.406 91 (–29 m borehole) IESE HS-1-LT 4.5 Hz sensor 
#208 

2013/02/03 

WHFS –43.261 170.359 60 Kinematrics BASALT 2014/06/16 

WMSZ –43.284 170.394 78 (–29 m borehole) IESE HS-1-LT 4.5 Hz sensor 
#197 

2013/02/03 

WPSZ –43.284 170.412 77 (–29 m borehole) IESE HS-1-LT 4.5 Hz sensor 
#198 

2013/02/03 

WQSZ –43.279 170.360 96 (–61 m borehole) IESE HS-1-LT 2 Hz 2009/03/22 

WRSZ –43.135 170.416 73 Guralp CMG-3ESP 2014/03/18 

WTSZ –43.302 170.412 100 (–29 m borehole) IESE HS-1-LT 4.5 Hz sensor 
#200 

2013/02/03 

WVZ –43.074 170.736 91 Guralp CMG-3ESP 2008/02/15 

5.3 DATA FLOW 

Data were pushed (actively transmitted by the RefTek rather than ‘pulled’ by the GeoNet 
server as if accessing an ftp client) in real-time, whilst also being written to local flash-card. 
The telemetered data were received by GeoNet and stored in their national database 
system. In consultation with GeoNet, it was decided that the Whataroa area data would not 
be incorporated in the national real-time monitoring scheme as this would have 
geographically biased GeoNet’s analysis and affected, for instance, the national magnitude 
of completeness.  

5.4 REAL-TIME ANALYSIS AND MANUAL INSPECTION 

The Whataroa area data were made accessible by GeoNet through the CWB (Common 
Waveform Buffer) database and via seedlink in near real-time. Real-time analysis was 
performed using open-source Rtquake software integrated with Seisan to facilitate picking 
and graphical output. Rtquake was configured to read data from GeoNet via Seedlink and 
apply a STA/LTA (short-term average/long-term average) detection algorithm to identify 
energy peaks (“triggers”) on individual channels. When more than a specified number of 
triggers occurred within a particular interval of time, the system prepared to issue a detection 
alert, by estimating the P and where possible S arrivals, and attempting to locate the source 
of the triggers and compute a magnitude. Once these steps were done, Rtquake issued an 
email alert, containing summary information, waveform plots, and a map showing the initial 
epicentre estimate. To ensure redundancy throughout the drilling period, Rtquake was run on 
three separate machines; one on the primary server at VUW in Wellington, one on a desktop 
machine in Wellington, and one in Whataroa. 
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Figure 9 Map showing seismic instrumentation near the DFDP-2 borehole and further afield. Earthquake 
detections were made based on automated analysis of data telemetered from WTSZ, WMSZ, WPSZ, WDSZ, 
WQSZ, GCSZ, and WVZ (marked) and three other GeoNet sites (unmarked — WHFS, FOZ, RPZ). GCSZ is in 
DFDP-1B borehole. The DFDP-2 boreholes are c.200 m north of WMSZ. 

Once an alert had been issued, and if initial inspection of the automatic results indicated 
further analysis was required, a duty seismologist followed a systematic analysis sequence 
to repick the P and S arrivals and recompute the earthquake’s hypocentre and magnitude. 
This work was performed by a group consisting of experienced seismologists, early-career 
scientists, and graduate students, and involved team-members in three separate time zones 
(New Zealand, Japan, US Central) in order to achieve sustained 24/7 monitoring. 

The steps to be taken in the event of an earthquake occurring near the drill site had been 
documented previously (following the April 2014 Safety Meeting). A traffic light system was 
used to define objective criteria on which to assess seismic hazard and make appropriate 
operational decisions (Figure 10, Figure 11). 
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Figure 10 Traffic light system used to identify and react appropriately to seismicity happening near the DFDP-
2 drill site. 

 
Figure 11 Diagram summarizing the chains of communication to be used in the event that nearby seismicity 
caused a transition to orange or red. 

5.5 SEISMICITY OBSERVED DURING DRILLING OPERATIONS 

During five months of real-time network operation, a total of 1121 earthquakes were 
detected, of which 492 were manually re-picked and relocated by the duty seismologists 
(Figure 12, Figure 13). Magnitudes were initially calculated for 366 of the 492 relocated 
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earthquakes; after filtering on the basis of epicentral distance, revised local magnitudes of ML 
0.8–5.0 were computed for 257 earthquakes. 

No earthquakes were detected within 5 km of the borehole during the real-time monitoring 
period. The closest earthquake occurred on 3 September 2014, ~5.3 km south-southwest of 
the drill-site at a depth of ~6.4 km with a magnitude of ML 1.8. Five quarry blasts from the 
Whataroa Quarry were recorded. 

Two notable seismic events occurred during the monitoring. A swarm consisting of 26 
earthquakes occurring over a 36 hour period commenced on 22 October 2014 (1730 NZDT, 
M4.5) approximately 25 km east of the drill-site. In addition, the BHA failure on 24 October 
2014 was recorded seismologically as two strong pulses of energy at the four closest 
stations (0.2 – 1.8 km). The first pulse was recorded at approximately 556 s after 1300 NZST 
(i.e. 13:09:16 NZST), and the second pulse was recorded approximately 30 s later.  

The M6.0 (“Wilberforce”) earthquake that occurred ~100 km northeast of the drill-site on 6 
January 2015 (0648 NZDT) was also recorded by the DFDP-2 network, after drilling had 
ended. 

 
Figure 12 Map showing relocated seismicity that occurred near Whataroa during the five month period 
(August 2014 to January 2015) of continuous real-time monitoring. 
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Figure 13 Magnitude-frequency summary for the relocated earthquakes recorded in five months of continuous 
real-time monitoring. The black histogram and curve represent all 366 earthquakes for which preliminary 
magnitudes were computed, and the red histogram and curve represent a subset of 257 events to which a local 
magnitude scale calculation could be applied. 

The monitoring network performed reliably throughout the drilling operations. Station WRSZ 
suffered two short-term failures, which were found to be due to bird damage, and on one 
occasion a log file error on the main server in Wellington required the Whataroa system to 
take over for several hours. 
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6.0 DFDP-2 OPERATIONAL PHASE 

6.1 SCIENCE TEAM AND LOGISTICS ONSITE 

The DFDP-2 Science Team (April 2015) includes 117 members based at institutions in 12 
countries (Table 4). Of these, 69 scientists participated in onsite operations (Table 5). The 
Science Team included 23 undergraduate or postgraduate students. Around 5 other students 
who are not part of the Science Team assisted with the onsite operations. 

Table 4 Country of origin of DFDP-2 Science Team. 

Country of origin Number of researchers 
included in Science Team 

Number of researchers 
who also participated in 

onsite operations 

Australia 2 1 

Canada 3 3 

China 1 0 

France 8 5 

Germany 12 5 

Italy 1 1 

Japan 16 7 

Netherlands 1 1 

New Zealand 43 33 

Taiwan 1 0 

United Kingdom 10 6 

United States of America 19 7 

TOTAL 117 69 

In the early stages of the drilling operation, roles were assigned to onsite Science Team 
members (Figure 14). This chart was designed when we still anticipated changing from 
cuttings collection to a coring operation; the version included here was the last one prepared, 
and was current on 16 October 2014, so personnel assignments to coring operation roles are 
still indicated. 
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Figure 14 Role assignments for onsite operations as filled or anticipated mid-way through the drilling 
operation. 

Science Team members, support staff and visitors were accommodated in the town of 
Whataroa, situated 5 km to the SW of the DFDP-2B drillsite along State Highway 6. The 
accommodation comprised 4 rental houses and a motel complex (The White Heron Motel). 
The latter provided a range of motel-style rooms distributed among 11 units, in which faculty 
and postdoctoral researchers were accommodated, as well as cabins which were used as 
overflow or temporary accommodation, mostly for students. In total, the science and support 
staff spent 3064 person days in Whataroa (Figure 15).  

The drilling crew were accommodated at Mt. Adam Lodge, which usually offers temporary 
bed and breakfast-style accommodation and is situated 5 km NW of the drill site. 
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Figure 15 Histogram of time spent on site (excludes drillers and other contractors). Total 3064 person days. 
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Table 5 Participants onsite in DFDP-2 operations (excludes drillers and other contractors).  

First name Surname Affiliation Country Days 

Rupert Sutherland GNS Science NZ 123 

Ray Marx University of Otago NZ 90 

Martina Kirilova University of Otago NZ 88 

Katrina Sauer University of Otago NZ 88 

Virginia Toy University of Otago NZ 87 

Lisa Johnson n/a NZ 83 

Carolyn Timms n/a NZ 83 

Naoki Kato Osaka University Japan 79 

Carolyn Boulton University of Liverpool UK 76 

Lucie Capova Victoria University of Wellington NZ 71 

Jamie Coussens University of Southampton UK 68 

Alex Pyne Victoria University of Wellington NZ 68 

Bernard Celerier CNRS, University of Montpellier France 68 

Dierdre Mallyon University of Alberta Canada 67 

Tamara Jeppson University of Wisconsin US 66 

Catriona Menzies U Southampton UK 65 

Steven Keys Victoria University of Wellington NZ 62 

Jack Williams University of Otago NZ 62 

Julia Grochowski Victoria University of Wellington NZ 62 

Loren Mathewson University of Otago NZ 60 

Norio Shigematsu AIST Japan 60 

John Townend Victoria University of Wellington NZ 58 

Olivier Nitsch CNRS, University of Montpellier France 53 

Michael Allen University of Liverpool UK 52 

Tim Little Victoria University of Wellington NZ 51 

Doug Schmitt University of Alberta Canada 51 

Emma Burlinson n/a NZ 50 

Brett Carpenter Istituto Nazionale di Geofisica e Vulcanologia  Italy 49 

Mai-Linh Doan University of Grenoble France 47 

Jehanne Paris Cavailhès CNRS, University of Montpellier France 46 

Chance Morgan University of Oklahoma US 45 

Yusuke Kometani Yamaguchi University Japan 43 

Laura-May Baratin Victoria University of Wellington NZ 42 

Simon Cox GNS Science NZ 37 

Adrien Kovacs University of Otago NZ 36 

Cecile Massiot Victoria University of Wellington NZ 36 

Dave Prior University of Otago NZ 36 
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First name Surname Affiliation Country Days 

Austin Boles University of Michigan US 35 

Adrian Benson Victoria University of Wellington NZ 35 

Leeza Beacroft University of Otago NZ 32 

Jason Grieve University of Otago NZ 32 

Sam Yeo University of Otago NZ 32 

Konrad Weaver Victoria University of Wellington NZ 31 

Jennifer Eccles University of Auckland NZ 30 

Andre Niemeijer Utrecht University Netherlands 30 

Calum Chamberlain Victoria University of Wellington NZ 29 

Jo Moore Macquarie University Australia 29 

Katrina Jacobs Victoria University of Wellington NZ 28 

Anton Gulley University of Auckland NZ 26 

Robert Valdez Pennsylvania State University US 26 

Hiroshi Mori AIST Japan 23 

Phaedra Upton GNS Science NZ 22 

Sam Taylor-Offord Victoria University of Wellington NZ 20 

Martha Savage Victoria University of Wellington NZ 19 

Harold Tobin University of Wisconsin US 19 

Nic Barth University of Southern California Riverside US 17 

Dan Faulkner University of Liverpool UK 16 

Osamu Nishikawa Akita University Japan 16 

Anja Schleicher University of Michigan US 16 

Martin Zimmer GFZ Germany 16 

Ross Nichol University of Otago NZ 15 

Betty Mariani Universty of Liverpool UK 13 

Ben Melosh McGill University Canada 11 

Alan Cooper University of Otago NZ 11 

Lisa Craw University of Otago NZ 11 

Gilles Henry CNRS, University of Montpellier France 10 

Ashley Coutts University of Auckland NZ 10 

Carolin Boese University of Auckland NZ 9 

Jamie Howarth GNS Science NZ 9 

Brent Pooley University of Otago NZ 8 

Ronald Conze GFZ Germany 8 

Rob Langridge GNS Science NZ 8 

Luiz Morales GFZ Germany 7 

Thomas Wiersberg GFZ Germany 7 

Weiren Lin JAMSTEC Japan 6 
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First name Surname Affiliation Country Days 

David McNamara GNS Science NZ 4 

Cliff Thurber University of Wisconsin US 4 

Julian Thompson GNS Science NZ 4 

Latasha Wyering University of Canterbury NZ 3 

Marlene Villevenue University of Canterbury NZ 3 

Rewi Newnham Victoria University of Wellington NZ 3 

Patrick Lepine University of Otago NZ 2 

Ludmila Adam University of Auckland NZ 2 

Andrew Gorman University of Otago NZ 2 

Chris Webster University of Otago NZ 2 

Caroline Orchiston University of Otago NZ 2 

AJ Woodhouse University of Otago NZ 2 

Steve Hickman USGS US 1 

Transport between accommodation in Whataroa or at Mt. Adam and the drillsite was mostly 
undertaken by car, ute, or minibus. These vehicles were variably provided by the 
participating institutions, hired, or were privately owned. Some participants walked, ran, or 
cycled to site. Provision of a number of communal bicycles was an effective means of 
enhancing health and reducing the carbon footprint of transport.  

Co-ordinated transport schedules were episodically established to coincide with times at 
which we expected a number of people to require transport to or from the site, such as shift 
changes. Cell phones based at the site office and the main logistics base in Whataroa were 
designed to allow easy communication of requirements for transport, and we tried to 
persuade people to stop at the logistics base before driving to site to look for people requiring 
transport, but this did not become a habit. In the end it seemed that most of the researchers 
and support staff found it too difficult to co-ordinate this aspect of their activities, and 
generally transport was not undertaken in an efficient or optimised way.  

Communal meals were provided by up to three cooks, who operated out of a mobile food 
truck parked outside the main logistics house. These cooks also catered for the drill crew 
based at Mt. Adam. Catering for the later was co-ordinated around their 12 hour shift 
schedule, so dinner and breakfasts were provided twice a day. Packed lunches were also 
delivered to the drillsite for the drill crew. Overall, catering arrangements were very 
successful and no-one complained at any time that they had to go hungry; in fact the 
opposite was the case. The cooks are commended for their innovative ideas, and thanked for 
their patience with the irregular schedules of those they were catering for. Even the French 
crew, presumptive heirs to 2000 years of demanding culinary culture, repeatedly doffed their 
safety helmets to the cooks creativity (Célérier, pers. comm.).  

Wireless internet was provided in Whataroa for use by the Science Team.  
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6.2 ONSITE DATA MANAGEMENT 

Diverse data were collected during DFDP-2 drilling operations: 
1. Drill rig data 
2. Wireline geophysical observations 
3. Geological samples and observations 
4. Gas samples and observations 
5. Mud samples and observations 
6. Seismological observations 

We built a local area network at the site with Network Attached Storage (NAS) and a backup 
system for it. We connected each local computer that was involved in data acquisition to the 
NAS, and used the NAS to replicate the relevant data directories. This allowed, in real time, 
for (A) replication and backup of data; and (B) all computers to see all data that were being 
acquired. 

A Drilling Information System (DIS) was provided and setup by Ronald Conze of ICDP. The 
DIS is a database (Microsoft Access) and was used to centralise all geological data. It 
provided a useful centralised system for the geological data, but was not adopted for the 
other data streams.  

Our primary protocol for data management was that, if possible, all data would be converted 
to a structured text format (typically comma-separated or tab-separated values) described in 
an accompanying README_ID.txt file. This generally required processing to organise and 
simplify data streams, and specific (python) codes were developed for this purpose 
(dfdpy.py). 

6.3 DFDP-2 DRILLING OPERATIONS AUGUST 2014 TO JANUARY 2015 

6.3.1 Overview 

Drilling was conducted in two phases. The aim of the first phase of drilling was to install steel 
casing through sediments beneath the valley floor, to provide a safe and stable operational 
platform for deeper operations. This phase of drilling was subcontracted to Washington 
Drilling and supervised by the JV. Sutherland was present during all of this phase. The 
drilling method employed was dual-rotary, in which the casing is rotated and advanced as 
drilling occurs in front of the casing (usually <1 m in front). Drill fluid passes down the drill 
string and cuttings are circulated back up within the casing. Air was used as a drill fluid in the 
shallow part, and water in the deeper part.  

In DFDP-2A, air was used by the Washington drill rig during installation of welded 12” casing 
to 29 m, and then welded 10” casing to 126 m depth. To investigate deeper, temporary 6” 
casing was installed and a PQ-sized hole drilled with water-based polymer mud to 212.6 m. 
This deeper drilling utilised the D&B45 rig that was used later for the deeper drilling. Some 
core was collected (documented elsewhere) during this phase. It was then decided to restart 
drilling with the Washington rig at a new hole DFDP-2B. A new hole was required because a 
larger surface casing was required to effectively penetrate the thick sequence and prepare 
for deeper drilling. Table 6 summarizes the completion details for DFDP-2A. 

In DFDP-2B, air was used during installation of welded 16” casing to 47 m, and then water to 
advance the 16” casing to 76.8 m. Water was then used to drill an open 14” hole to 197 m, 
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which is near the base of the cohesive silt sequence discovered in DFDP-2A. Some c. 0.1 m 
harder layers were encountered during the interval 144 – 186 m. Water was then used to 
advance welded 12” casing through diamictite or gravel to 236.6 m, at which point it could be 
advanced no further. Warm (43°C) low-pressure (c. 2–3 m head) artesian water was 
produced briefly during installation of welded 10” casing. The 10” casing was then advanced 
to bedrock at 240.0 m and onward into solid rock, where it was firmly seated into solid rock at 
243.0 m. A 9.5” open hole was then drilled onward to 274.9 m, to ensure that there was no 
possibility that we had terminated casing within a glacial boulder in diamictite.  

The second phase of drilling was conducted with a Hanjin D&B-45D rig that was intended to 
be in two parts: 8.5” open-hole drilling followed by installation and cementation of an Anchor 
Casing; and then wireline coring to TD. The first part was intended to rapidly progress 
towards our primary zone of interest, and to provide a stable and safe environment (high 
pressure control rating) for deep operations. Unfortunately, we had several technical 
problems during that phase of drilling that culminated in a casing failure at the end of the 
phase. Table 7 summarizes the DFDP-2B completion details. 

A detailed breakdown of operations is shown in Figure 16, Figure 17, and Figure 18. 

Table 6 Borehole details, DFDP-2A. 

Latitude, longitude (WGS84) 43.29065°S, 170.40661°E 

NZTM coordinates 1389611.5 m east, 5203642.6 m north 

Depth datum elevation* (NZGD2009), ground surface 93.69 m 

Base of 12” casing 29 m 

Base of 10” casing (removed before completion) 126 m 

Total drilled depth 212.6 m 

Table 7 Borehole details, DFDP-2B. 

Latitude, longitude (WGS84) 43.29065°S, 170.40646°E 

NZTM coordinates 1389599.2 m east, 5203641.9 m north 

Depth datum elevation* (NZGD2009), top of rig table 94.84 m 

Base of 16” casing 78 m 

Base of 14” hole section 197 m 

Base of 12” casing 237 m 

Base of 10” casing 264.93 m 

Base of 9 7/8” hole 275.91 m 

Total depth drilled: Base of 8 1/2” hole 893.2 m 

Total true vertical depth drilled 818 m 

Intended drillers depth to base of 5.5” casing (PWT) 889.4 m; broken at 436 m, base on bottom of hole 

Accessible cased depth, cemented beneath 400 m, 127 mm ID  

*NZGD2009 datum is taken as the local geoid height (sea level), equivalent to a WGS84 ellipsoid elevation of 
12.72 m at the DFDP-2 site. 

NOTE: A local datum was established (top centre of stainless steel bolt set in concrete adjacent to DFDP-2A) at 
NZTM 1389599.9 m E, 5203642.8 m N, 93.76 m (NZGD2009); 170.40660°E, 43.29064°S (WGS84). 
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Figure 16 Phase 1. Drill and case sediment. 
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Figure 17 Phase 2. Drill and case bedrock above fault. 
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Figure 18 Depth progress versus time compared to the original plan. 
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6.3.2 Site layout 

The site and access road was constructed from compacted river gravel which was formed 
into a 100 m x 60 m pad (Figure 19, Figure 20). On this we established site facilities 
comprising (Figure 21): 
1. A science block that included 

a. 4 floored and waterproofed 3 x 6 m shipping containers which housed the gas 
lab, the geophysical logging facility, the thin section lab, and the DMT core 
scanner and photography facilities 

b. An office port-a-com (the “clean lab”)  
c. A container shelter spanning space between two of the floored containers and 

the clean lab. 
2. Offices 

a. Front office 
b. Drillers office 
c. Drill rig office  

3. Lunchroom  
4. Portaloos 
5. Drillers storage in 4 shipping containers 
6. Sink for washing samples and cuttings 
7. 6m core table and saw 
8. A similar table for packer tools 
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Figure 19 Site layout while drilling DFDP-2B. The upper panel shows the location of the drill-pad and access 
road with respect to the Whataroa River, and the low panel provides details of the drill-pad. Bold numbers in the 
lower panel indicate hazard zone classifications.  
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Figure 20 View southeast across the drill site (22/10/2014). Photo J. Thompson.  

  
Figure 21 (left) View toward drill rig from Science Block, illustrating sink (at right) and core table (at left). 
Austin Boles is washing the mesh that was used to trap cuttings on the sieve. (right) Professor Alan Cooper 
performing microstructural analysis of a cuttings thin section inside the Clean Lab.  

6.3.3 Site management, logistics, and safety 

The Science Team employed a Logistics Manager, Ray Marx, to organise the complex 
logistics of the drill site and help with a range of associated activities. Ray has extensive 
minerals industry experience of drill site management. 

The drill site was clearly delineated into three hazard zones with high-visibility tape (Figure 
19).  
1. Science zone. The primary science workspace. Induction by a trained member of 

the team, usually the Logistics Manager (Ray Marx). 
2. High hazard science zone. Access to the borehole and mud returns. Induction 

training by the drillers was required. 
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3. High hazard drilling zone. The rest of the drill site was off-limits to all but a few 
people that had permission from the drillers and formal induction by the drillers. 

All science personnel and visitors were required to visit the site office on arrival, sign in and 
out, and be provided with a copy of the site safety rules (Figure 22). To enter the drill site, an 
induction process needed to have been completed, in which a tour of the site was used to 
identify and explain hazards, and an induction form signed and registered at the office. The 
office was never left unstaffed. Safety clothing or equipment was available at the office. A 
copy of the site induction form is included as Appendix 6. 

 
Figure 22 Copy of the site safety rules presented to all visitors to site. 
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There were no injuries during the project. There was one serious near-miss: when the winch 
wire broke and the bottom-hole assembly was lost down the hole. 

Cars were parked facing away from the drill site and keys were left in vehicles. 

Onsite, internet was obtained using a wireless modem linked to the national 3G (cellular) 
network. The 3G network was then broadcast around the site via local modems. Internet use 
on the site was restricted to work purposes only due to the cost.  

Calls to co-ordinate activities between Science Team members on and off site were made 
using cell phones. Cell phone coverage was not always good on the drillsite and on at least 
one occasion this caused significant frustration. However, at no time did poor cell reception 
lead to health and safety problems or operational delays. Two satellite phones were available 
in case of serious emergencies. 

6.3.4 Drilling equipment 

This section is primarily focussed on the 8.5 inch open hole that was drilled 275-893 m. 

6.3.4.1 Sediment (Washington Drilling) 

Dual rotary air or water drilling was used to drill Quaternary sediments. A large compressor 
truck was used to provide compressed air for the shallow parts of each hole. In DFDP-2A this 
was attempted to a depth of 125 m, but the highly under-balanced nature of the drilling 
eventually caused the 10” casing to become stuck at this depth and large volumes of muddy 
sediment to flow into the base of the casing.  

In DFDP-2B, air was used to advance the 16” casing. Water-based mud was used to drill an 
open hole to near the base of the silt sequence, and then dual-rotary (tricone bit inside 
casing with shoe) using water-based mud was used to advance casing to the base of the 
sedimentary sequence. 

6.3.4.2 Drill Bits and drilling performance 

Four drill bits suitable for drilling an 8.5 inch open hole were available on site at the start of 
drilling. Two types of drill bit were used. Polycrystalline diamond composite (PDC; Figure 23) 
drill bits were our first choice of bit, and we had two new ones on site. We had two tri-cone 
bits rated for hard sediment and previously used in Taranaki oil drilling as an alternate 
choice.  
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Figure 23 (A) New 8.5 inch PDC bit. (B) Tricone drill bit designed for hard sediment, already installed on drill 
collars and stabilisers, ready for bottom-hole assembly to be made up (24/10/2014).  

The PDC bit appeared to perform well initially (rate of penetration 2-4 m/hr), but the first bit 
ceased to become effective and was removed at a depth of 396.6 m. It was badly worn and 
the hole had deviated from a tilt of <4° at 275 m depth to a tilt of 12° in 121 m drilled (Figure 
24).  

We next opted to try the tricone (447) bit, to compare the penetration rate and deviation 
response. Unfortunately, the wire winch rope broke and the bottom-hole assembly was lost 
down the hole. It was obviously in a bad state when it was eventually recovered. 

Next, we opted to try the second tricone bit (our initial choice #4). It performed moderately 
well to a depth of 489.5 m, but at that depth a cross-over thread broke and it was lost down 
the hole. The bit was eventually recovered and found to be in a poor state. Its teeth had 
plenty of life left in them, but the bearings were badly worn; but it was a used drill bit that had 
done >1 million revolutions by that point. 

Next, we switched back to the second new PDC bit. Drilling slowed down significantly at a 
depth of 519-526 m. The bit was recovered and found to be in poor condition (37 m drilled). It 
is not clear why this bit performed so poorly. Maybe there was a particularly hard layer? 
Deviation had also increased to 21°. 
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Figure 24 Worn PDC bit. 

We had obtained another used tricone (447M) and substituted this bit, but stabiliser wear 
was also a significant issue now (see below). At a depth of 546.8 m drilling was again slow 
and the bit was retrieved. A decision was made that we needed to stop drilling, recondition 
the bottom-hole assembly, and source a new bit. 

Experience had revealed that although the rock in general was not unusual, the very strong 
moderately-dipping fabric, combined with abundant and sometimes quite thick quartz veins 
were causing drill bit wear and borehole deviation. We sourced two specialised hard rock 
tricone bits from Australia. 

We tripped back into the hole with the new tricone (F7) bit and drilled to 828.7 m depth (282 
m interval at 1.9 m/hr) without incident, but the stabiliser were badly worn.  

We tripped back into the hole with a new tricone (J7) and continued to drill until a decision 
was made to set casing at 893.15 m (64 m interval at 2.1 m/hr). 

The new drill bits had performed well, and may have worked even better if we had been able 
to apply more weight on bit (limitations due to hole tilt and worn stabilisers). 

6.3.4.3 Drill rods and bottom-hole assembly (BHA) 

We used 4.5” grade E drill rods (16.6 ppf, 30’ lengths, 2 7/8” IF connectors, 4” hex tool joints, 
11” box, 14.5” pin with 3.5”-wide spanner flat). The BHA is everything beneath the standard 
drill rods, including drill collars, stabilisers, cross-overs, and the drill bit. 

Seven BHA configurations were used during drilling of DFDP-2B (Figure 25). This was partly 
to try and control the build of deviation in the hole, and was partly an operational response to 
damaged equipment. 
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Figure 25 BHA configurations used during open hole drilling. 
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6.3.4.4 Steel casing 

Welded steel casing (16”, 12”, 10”) to secure the upper sedimentary part of the hole was 
supplied by Washington Drilling and welded by them on site. 

The main casing to a nominal design depth of 800 m was intended to be oilfield 7” casing, 
which we would source and transport from Taranaki the week before we needed it. However, 
we made a decision not to use this casing. This was partly a cost-cutting measure and partly 
a response to the high temperature gradient we encountered. Reducing to a smaller casing 
size early would give us one less option deeper in the hole, but it would give us the option to 
install fibre optic cables in the annulus outside the casing.  

We chose to install PWT (5.5”) casing, with BQ casing outside it in the annulus. Then, a fibre 
optic cable was installed in the BQ pipe and the annulus cemented. We already had the PWT 
casing on site, which was new and certified by the Chinese factory (see Appendices 12 and 
13) to have a yield strength of 40 ton. 

The PWT casing failed and the problem was not noticed in time to stop the cementing 
operation that ultimately resulted in abandonment of the hole. 

6.3.5 Mud system 

We used a water-based mud system for the main phase of open-hole drilling and the mud 
was contained in open mud pits that were engineered with a digger. We had two secondary 
containment pits and a flat grass paddock surrounding us. The products used in the mud are 
listed in Table 8. 

Table 8 Summary of mud additives used during DFDP-2. 

Name Chemical Purpose 

UNITROL  Modified starch  Filtration control. 

MAXBORE  Bentonite clay Increase viscosity and gel strength, 
improve cuttings lift, and stabilise borehole 
wall with filter cake. 

MAXGEL  Bentonite clay Increase viscosity and gel strength, 
improve cuttings lift, and stabilise borehole 
wall with filter cake. 

BARITE  Barium sulphate Fine particles that add weight to mud. 

SODA ASH  Sodium carbonate Used in relatively small quantities to 
control pH of the mud. 

POLYSWELL  Acrylamide polymer Expands to fill and seal open fractures or 
voids as it hydrates. An emergency 
measure to address significant mud 
losses. It was not required. 

We had numerous contacts with the Regional Council and submitted a formal Resource 
Consent to operate. We did surveys of groundwater around the site to assess risks. The 
West Coast Regional Council’s assessment was in agreement with that of the DFDP team – 
that the risk of environmental damage was minimal and could be managed (Table 9). The 
Regional Council deemed the risks were low and within the range of other permitted 
activities. There were no actual environmental damage incidents during our activities. 
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Table 9 Risk matrix referred to in consultation with the West Coast Regional Council. 

ENVIRONMENTAL HAZARD EFFECT/RISK MONITORING AND 
MITIGATION 

Induced seismicity/earthquake Induced earthquake and 
associated problems 

Background monitoring 2013. 
Peer review of drilling plan. 
Monitoring during drilling. IF, 
THEN, WHAT plan of action. 

Localised perturbation of deep 
water flow 

Induce flow across the fault. 
Flow volumes of xxx litres per 
minute. Geohydrological effect 
that would not be manifest at 
surface. Allows greater volume 
of meteoric fluid into Westland 
basin. 

IF, THEN, WHAT plan of action to 
plug hole/seal fault 

Perturbation of shallow water 
table 

Changes to the flow regime in 
the gravels may make farm 
boggy or increase flow in side 
stream. 

Isolate flow in shallow gravels 
from deep hole with casing. Have 
plan in place for drainage and 
discharge into the river should 
artesian pressures be 
encountered.  

Pollution of shallow water table 
from drilling fluids 

Possibility that drilling fluids 
(inert, mostly water) may leak 
and make their way to the 
Whataroa River. Fluids could 
contain suspended sediment 
(drill mud) or chemicals (mostly 
benign floculating agents in 
drill mud). 

Isolate flow in shallow gravels 
from deep hole with casing. 
Model and understand the flow 
regime between tributaries and 
the Whataroa River, both surficial 
and within the gravels.  Select a 
site on Whataroa River bank for 
visual/photographic montioring 
of turbidity and conductivity 
along banks of river. Have a plan 
in place to filter suspended 
sediment load if needed. 

Pollution on site Point source pollution of 
shallow water table by spills of 
fuel, muds, hydraulic fluids, 
human waste. Could flow into 
Whataroa river. 

Reticulation system for drilling 
fluids. Portable toilets on site. 
Model and understand the flow 
regime between tributaries and 
the Whataroa River, both surficial  

6.3.6 Pressure control 

We had no pressure control, other than mud weight, when drilling the sedimentary section (0 
– 240 m) and uppermost bedrock (240 – 275 m). However, we were using water well drillers 
(Washington Drilling) who were very experienced at dealing with minor artesian pressures in 
sedimentary layers. Although we had one (quite pleasant) incident when warm (43°C) water 
was discharged from 236 m depth, the initial phase passed without any safety concerns. 

During the open-hole phase of drilling with the Eco Drilling D&B45 rig (275 – 893 m) 
concerns had been raised during planning over the possibility of large artesian pressures at 
depth. An expected formation fluid pressure was predicted by models to be 0.5 – 1.5 MPa at 
1000 m depth, with a worst-case scenario of 2.5 MPa. The amphibolite facies metasediments 
are devoid of any hazardous natural gases and the water is almost pure rainwater that has 
dissolved a little of the surrounding rock, so there was no reason for concern over poisonous 
or explosive gases (see Appendix 3).  
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A hydraulic annular diverter was installed during the open-hole phase of drilling (275 – 893 
m) that was rated to 10 MPa (1500 psi). Formation pressures encountered were well within 
the range that models predicted (maximum c. 80 m of artesian head; 0.8 MPa; Figure 26). 
Our pressure control equipment was fit-for-purpose.  
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Figure 26 Formation fluid pressures inferred from mud densities and equilibration levels. 

The greatest uncertainty in the geology was: what lay beneath the fault? Although we did not 
expect anything hazardous (most likely was granite with no over-pressure), the small risk of a 
geological surprise could not be ruled out. The risk was assessed by our Safety Review 
Panel, and they accepted that our plan was appropriate. Our intention was to install an 
Anchor Casing (cemented back to surface with high pressure rating) and API-certified blow-
out preventer at the end of the open-hole phase. We had this ready to install, but never got a 
chance to install it, because of the casing-cementing failure. 

6.3.7 Drilling data and tests 

A programmable logic controller (PLC) system was installed on the drill rig that recorded 
drilling parameters at 10 s intervals throughout drilling. These were downloaded 
retrospectively, daily, and converted into easily readable formats using a code that we had to 
write.  

At each epoch, the system recorded: date-time; drill string rotation rate (rpm); weight on bit 
(ton = 1000 kg); hold back on head (ton = 1000 kg); torque (Nm); rig pump inflow rate (l/min); 
rig pump outflow rate (l/min); flow in minus flow out (l/min); and wireline depth (m). The 
weight on bit observation was intended to be determined by the driller manually by calibrating 
it to zero while rotating freely before he starts to drill. If the driller did not do this, then the 
measurement is unreliable. The holdback on the head is recorded by a pressure cell that was 
calibrated before drilling started.  
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Unfortunately, there was an error of logic in the PLC code that led to data being incorrectly 
reported and hence difficult to interpret. This was very confusing during drilling: we worked 
out the problem towards the end of the project, but it was too late. The faulty logic that was 
used within the rig computer is described below. 

F = Force measured by load cell (a real measurement). 

W = Weight on bit (computed). 

P = Pullback force on the head (computed). 

Fmax = Force when zero weight on bit is manually calibrated. 

Fzero= The value of F when the system was last manually calibrated to zero weight on bit. 

The PLC was programmed using the schema below. 
1. Read the load cell to obtain F1  
2. If F1>Fmax then set a new value Fmax = F1 and W = Fzero 
3. Else W = Fzero – F2 (a new value of F is read and recorded) 
4. Calculate P = Fmax – F3 (a new value of F is read and recorded) 

The flaws in this logic are: 

a. raw data F are not stored;  
b. the load cell is read at three times during a single evaluation step of logic, but it is 

possible for brief (shock) load changes to make data inconsistent with program 
logic;  

c.  only two derived values are stored; and 
d. the weight on bit is incorrectly calculated when Fmax is set. 

However, it is still possible to interpret these data retrospectively, and determine when the 
program sets Fmax. For example, if the Fzero number is calibrated only once with nothing on 
the head (e.g. when PWT casing was being installed; see Appendix 13 on PWT failure) then 
W = -F. It was also the case that Fmax remained unaltered during normal drilling activities 
and W values were meaningful. However, uncertainty was introduced by not understanding 
the program logic, and it meant that there was a distrust in data at the time and so everything 
was double-checked against analogue hydraulic pressure measurements on the rig dials. 

Drilling tests, in which the weight on bit was steadily increased and rate of penetration was 
carefully measured, were conducted by Marlene Villeneuve of Canterbury University in 
December 2014.  

6.4 MUD PROPERTIES, PRESSURE, AND TEMPERATURE  

The physical properties of mud entering and leaving the borehole were monitored throughout 
the operational period using several automated and manual methods. 

6.4.1 Automated measurements of mud temperature and electrical conductivity 

These parameters were measured using two BKEX50 toroidal conductivity sensors 
manufactured by Solumetrix (UK) and connected to a laptop computer in the geochemistry 
lab. The properties of the mud entering the borehole were measured in the suction pit, with 
the sensor attached to a float to ensure it recorded conditions at a fixed depth (Figure 27, 
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Figure 28). The sensor measuring the properties of the mud leaving the borehole was 
positioned near the gas chemistry degassing unit in the outflow pipe. The outputs from these 
two sensors are a date-time stamp, temperature (in °C), conductivity (in µS/m), and 
conductivity adjusted to a reference temperature of 20°C (in µS/m). 

 
Figure 27 Photo showing the system used to record automated measurements of fluid temperature and 
conductivity in the suction pit (inflowing mud). The pink float sits above a toroidal conductivity sensor, which is 
connected via the white cable to an interface housed in the black weather-tight box. The graduated scale was 
used to obtain estimates of mudpit level.  
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Figure 28 Detail of the Solumetrix toroidal conductivity sensor used to obtain automated measures of 
inflowing and outflowing mud temperature and conductivity. Despite the sensor’s narrow bore (<1 cm diameter), 
problems with mud caking in the sensor and blocking it were not encountered.  

6.4.2 Manual measurements: density, viscosity, temperature and conductivity 

A range of properties of the inflowing and outflowing mud were measured systematically at 
periodic intervals. During mud circulation, the outflowing mud was monitored at least hourly, 
with more frequent sampling being undertaken when significant changes were observed in 
the mud properties and when mud that had remained in the borehole for long periods during 
hiatuses in circulation was being pumped out. Inflowing mud properties were measured at 
least every 24 hours during circulation, and often more frequently. In particular, inflowing 
mud properties were consistently measured when a new batch of mud was mixed, or when 
circulation resumed after a hiatus. 

Mud density was measured using the Fann Mud Balance Model 140. The mud was also 
passed through the Fann No. 201 Marsh Funnel Viscometer. The time taken for a quart (946 
ml) of mud to empty from the funnel is recorded and the following formula used to obtain 
effective dynamic viscosity:  

 

where μ is effective dynamic viscosity, ρ is density in g/cm3 and t is the time taken for a quart 
of mud to empty from the marsh funnel. This funnel is calibrated so that a quart of fresh 
water at 21°C takes 26 ± 0.5 seconds to empty from the marsh funnel. The funnel used in 
these measurements was slightly out of calibration; underestimating the time by over a half 
of a second (the average time to fresh water at 21°C to empty the funnel was 25.4 s). This 
should be taken into account when calculating the dynamic viscosity.  
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In addition to the automated measurements of the outgoing mud’s temperature and 
conductivity, manual measurements were made at the same time as the density and 
viscosity measuremnts, using a Solumetrix Electrodeless Conductivity Stick Meter 5JI.  

More than 2,500 manual measurements of mud properties were made during the drilling. 

6.4.3 Automated measurements of mud levels 

A vibrating wire piezometer connected to a Campbell data logger was used to obtain 
measurements of pressure in the suction pit at a fixed point, yielding an estimate of the input 
mud level and temperature and also recording the datalogger temperature and barometric 
pressure. This system recorded to a laptop at one minute intervals and operated 
continuously between 20 October 2014 and 17 December 2014, yielding measurements at 
more than 83,000 epochs.  

6.4.4 Manual measurements of mud levels 

During periodic measurements of mud properties, the relative heights of the suction, returns 
and overflow mud pits were also noted, in order to monitor when mud losses and gains 
occurred. At times when circulation had ceased and the mud level in the borehole dropped 
beneath the overflow, mud levels were monitored using a measurement tape with a sensor 
(Solinist Water Level Meter, Model 101; Figure 29). This was lowered down the borehole 
until the sensor reached the mud level and emitted an audible signal. Measurements were 
taken relative to the top of the drill table on the drilling rig or the top of the borehole casing, 
when the rig was not in place. To give a set of consistent mud levels the elevations of the drill 
table and the top of the casing were measured relative to a fixed datum.  

In total, more than 1,250 measurements of mudpit levels and pump rates were made during 
drilling. Additionally, more than 2,000 measurements of mud levels in the borehole were 
made, providing an unusually comprehensive hydrogeologic dataset. 



 

 

56 GNS Science Report 2015/50 
 

 
Figure 29 Photo showing the Solinist water level meter resting next to the head of the borehole. The white 
measuring cable has an electronic sensor on the end, which produces an audible signal when it encounters a 
conductive fluid such as mud.  

6.5 GEOPHYSICAL DOWN-HOLE LOGGING 

6.5.1 Overview and tool details 

The wireline logging program was undertaken by logging engineers and scientists from the 
University of Montpellier/CNRS and the University of Grenoble, with assistance from other 
members of the DFDP-2 Science Team. Full details of the wireline logging program are 
included here as Appendix 7. 

The wireline logging tools were deployed from a shipping container positioned on site so that 
the winch pointed straight at the drillhead (Figure 30–Figure 33). The Montpellier winch had 
been welded into the container prior to arriving on site and the control box affixed to the 
container wall and electrical supply. A backup winch from the University of Alberta was on-
hand at all times but was not called on. 
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Figure 30 Photo showing the interior of the wireline logging container. Image contributed by Bernard Célérier 
(CNRS/Montpellier). 

 
Figure 31 Photos looking along the wireline logging cable from close to the DFDP-2 borehole, showing the 
relationship of the wireline logging container (centre) to the geochemistry lab (left) and the geological processing 
facilities (right).  
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Figure 32 Photo showing two members of the wireline logging team inside the logging container. In the 
foreground can be seen the Robertson winch transported from Montpellier and welded to the floor of the 
container. The controls and logging computer are behind the winch. 

The acquisition chain consisted of the following components: 
1. a logging tool or tool stack connected to 
2. a 4 conductor 1500 m logging cable with a Gearhart-Owen head attached to  
3. a Robertson 1000/2000m winch connected to 
4. a data logger box that provides the interface to the USB port of a  
5. laptop computer with Windows 7 operating system and ALT logger software 

version 11.0 or 11.1. 

The cable was unwound from the winch to a low pulley latched to the rig table then to a high 
pulley hooked to the rig and then downhole. The data logger box was a Matrix box jointly 
developed by Mount-Sopris (MS) and Advanced Technology Systems (ALT), except for the 
SGR512 and Muset tools that required an A-box developed by ALT. The raw data files were 
stored in the computer in a binary format, *.tfd, that can be imported in the WellCad software 
developed by ALT. Files recorded with logger version 11.0 can be read by WellCad versions 
≥ 4.3, whereas those recorded with logger version 11.1 require WellCad versions ≥ 4.4. 
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Figure 33 DFDP-2B logging set-up. The logging cable path is highlighted. 

In all, 16 different logging tools were run in the DFDP-2A and DFDP-2B boreholes. The tool 
names and key details are summarized Table 10. 

Table 10 List of logging tools deployed during DFDP-2. 

Acronym Full Name Maker Focus on 

QL40-FTC Fluid Temperature and Conductivity ALT Borehole Fluids 

MUSET Multi Sensor Electrical Tool ALT Borehole Fluids, 

Formation 

QL40-Idronaut Idronaut Ocean Seven ALT-Idronaut Borehole Fluids 

QL40-SFM Spinner Flow Meter ALT Borehole Fluids 

QL40-GR Natural Gamma Ray ALT Formation 

QL40-SGR Spectral Gamma Ray ALT Formation 
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Acronym Full Name Maker Focus on 

SGR512 Spectral Gamma Ray Antares Formation 

DLL Dual Laterolog LL5 Geovista Formation 

EM51 Magnetic Susceptibility and Electrical Induction Geovista Formation 

QL40-BSS Borehole Magnetic Susceptibility Sonde  Bartington 
Instruments 

Formation 

QL40-FWS Full Waveform Sonic ALT Formation 

FWS Full Waveform Sonic MS Formation 

QL40-CAL Caliper (3 arms) ALT Borehole wall 

CAL Caliper (3 arms) MS Borehole wall 

QL40-ABI40 Acoustic Borehole Imager  ALT Borehole wall, 
inclinometry 

QL43-ABI43 Acoustic Borehole Imager ALT Borehole wall, 
inclinometry 

These tools can be classified into 3 types: 
1. stand-alone tools that are run alone; 
2. stackable tools in the 40 mm diameter standard, designated by the prefix QL40; 

and 
3. a single stackable tool in the 43 mm diameter standard, designated by the prefix 

QL43 (the QL43-ABI43). 

The main log channels recorded by these tools are listed in Table 11. 

Table 11 Summary of logging channels recorded during DFDP-2. 

Acronyms Explanation Units Tool 

Temperature Fluid Temperature °C QL40-FTC 

Conductivity Fluid Electrical Conductivity µS/cm 

mS/cm 

QL40-FTC 

Muset 

Pressure Fluid Pressure dbar Muset, QL40-Idronaut 

O2 Dissolved O2 % 

ppm 

Idronaut 

Muset 

Redox  mV Idronaut 

Eh  mV Muset 

pH  - Muset, Idronaut 

Sal Salinity PPt Muset 

Spinner Up  cps QL40-SFM 

Spinner Down  cps QL40-SFM 

GR  AP 

cpsI 

QL40-GR, QL40-SGR 

SGR512 

K  Bq/kg 

cps 

SGR512 

QL40-SGR 
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Acronyms Explanation Units Tool 

U  Bq/kg 

cps 

SGR512 

QL40-SGR 

Th  Bq/kg 

cps 

SGR512 

QL40-SGR 

RLLL Deep Resistivity Ω·m DLL 

RLLS Shallow Resistivity Ω·m DLL 

IL Conductivity by induction S/m EM51 

SP Spontaneous Potential Volts Muset 

MSUS Magnetic Susceptibility mSI EM51 

MagSus Magnetic Susceptibility 10-5 cgs QL40-BSS 

RX, TT Travel Time µs QL40-FWS, FWS 

Amp Amplitude - QL40-FWS, FWS 

Slowness  µs/m QL40-FWS, FWS 

CAL Caliper (Diameter) mm 

cm 

QL40-CAL 

CAL 

Amplitude  - ABI40, ABI43 

Travel-Time  µs ABI40, ABI43 

Tilt  Hole Tilt degrees ABI40, ABI43 

Azimuth Hole Azimuth/Magnetic North degrees ABI40, ABI43 

Acceleration Tool acceleration g ABI40, ABI43 

Magnetic field intensity  µT ABI40, ABI43 

Details regarding the less frequently used tools are provided below: 

QL40-FTC 

The tool operation range is rated up to 70°C, but the temperature sensor saturates around 
98°C. The temperature resolution is of 0.004°C and its accuracy is <1%. 

Muset and QL40-Idronaut 

Both tools measure fluid temperature, conductivity and pressure. The MUSET tool also 
records Spontaneous Potential (SP), which is reliable with proper grounding of the reference 
probe, but this was not the case for DFDP-2 as the pumps were still running when the tool 
was run. Pressure data showed a linear trend with depth but unrealistic values, indicating 
sensor or calibration problems. Using test logs in the fresh water of DFDP-2A and assuming 
this water to be of density 1.0 suggests that raw pressure data need be corrected as follows: 

Idronaut: P[dbar]=0.9936* p_raw + 7.8725 

Muset: P[dbar]=0.1383 * p_raw + 5.0266 
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QL40-GR 

A NaI(Ti) crystal (2.22cm in diameter, 7.62cm in length) sensor captures gamma-rays and 
emits electrons. The signal is then amplified by a photomultiplier. 

QL40-SGR 

This tool provides spectral and total gamma-ray measurement. The scintillator is a NaI(Ti) 
crystal (2.22cm in diameter, 10.16cm in length). Being larger than the QL-GR crystal, it has 
higher sensitivity, but being a NaI(Ti) crystal, it has poorer sensitivity than the SGR512 (see 
later). At high temperature, the spectrum collapses. 

SGR512 

This tool also provides spectral and total gamma-ray measurement but has a larger 
sensitivity than the QL40-SGR and QL40-GR because its scintillator is made of a BGO 
crystal (3.8cm in diameter, 15cm in length). The voltage of the photomultiplier has to be 
calibrated before each run by placing a potassium rich powder near the sensor. 

EM51 

This tool records both electrical resitivity, obtained by induction, which is not suitable for the 
resistive rocks of DFDP2, and magnetic susceptibility. It has a good sensitivity but a low 
spatial resolution 

BSS 

This tool also records magnetic susceptibility but is designed for narrow hole. Hence it is 
calibrated to read directly 1x10-5 cgs units in a 50mm borehole. It has a good vertical 
resolution since, in optimal conditions, it is claimed to resolve strata as thin as 2.5cm. But it 
loses sensitivity rapidly when surrounded by water. Hence in a 10 cm diameter hole, the 
measured signal is only 9% of that in a 5cm hole if the tool is centralized, and only 45% if the 
tool is eccentered. 

QL40-CAL 

Analysis of early caliper logs indicated that the three-armed QL40-CAL tool encountered 
problems opening fully when in the borehole. This was made evident by caliper 
measurements in casing being different from the casing diameter (Figure 34), and was 
interpreted to indicate either that the density of the mud was too great for the tool’s arms to 
deploy correctly or that borehole inclination was a factor. 

CAL 

This non-stackable tool is similar to the QL40-CAL and had the same difficulty opening its 
arms in the tilted DFDP-2B hole. 

QL40-ABI40 

This tool is an acoustic borehole televiewer. It is operated with a metal centralizers of 
different sizes that are chosen as a function of the hole diameter. It is coupled with a 3 
components magnetometer and accelerometer to orient the tool with respect to the vertical 
direction and to the magnetic north. A sound pulse is generated at 1.2 MHz is directed 
towards the borehole wall and both the amplitude and two-way travel time of its echo are 
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recorded. The azimuthal resolution can be set at 72, 144 or 288 points per revolution. The 
vertical resolution is typically set at 2 mm for full resolution (288 points/turn) logs. Full 
resolution logs require slow logging speed, typically 0.5 m/min, because they are limited by 
the communication bandwidth. Two echoes are detected: the first one corresponds to a 
reflection generated at the tool acoustic window interface whereas the second one 
corresponds to the formation echo. The tool acoustic window reflection time is needed to 
compute hole diameter from travel time. The formation echo is detected within a time gate 
that can be adjusted manually. This proved necessary in DFDP-2B operations where the 
signal was attenuated, presumably by the viscous drilling mud, and multiples of tool internal 
echoes could be more energetic than formation echoes, leading to incorrect detections. 
Inclinometry logs include hole tilt and azimuth of deviation. Full waveform can also be 
recorded but not together with high resolution logs because of bandwidth limitation. 

QL43-ABI43 

This model is similar to the ABI40 tool, but is rated until 125°C. Hence, it was used in 
replacement of ABI40 during the runs 47 (Dec 4th) and 51 (Dec 9th) to cover the interval 
from 540 m to TD. Several heads can be mounted with this model. This model was shipped 
with a long focus head (QL43 ABI HEAD OHCO), theoretically suitable for open holes up to 
21” in diameter. This tool is not stackable with QL40 tools and therefore could not be 
operated together with one of the available QL40 gamma-ray tool. It integrates an orientation 
tool, with 3 magnetometers and 3 accelerometers. Contrary to the ABI40, this model 
monitors the temperature within the acoustic head, which affects the sonic velocity of the oil 
filling the head, and hence the window time. The acoustic signal is a pulse emitted with a 
major frequency of 1.2MHz, theoretically giving a width of the acoustic beam equal to 3mm. 
When in high-resolution mode, acoustic images are recorded at 288pt/revolution every 2mm 
in measured depth.  
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Figure 34 Summary of QL40-CAL calibration tests made at the surface (blue and black crosses) and 
downhole (red crosses).  When downhole, the caliper yielded measurements different from the expected casing 
diameter values. Image provided by Mai-Linh Doan (Grenoble).  

The design of the QL40 series enables multiple tools to be connected (“stacked”) together 
and run simultaneously. (The same is true for the larger-diameter QL43 series, but QL43 and 
QL40 tools cannot be stacked.) Tools stacks used for DFDP-2 were QL40-FTC-GR; QL40-
FTC-CAL-GR; QL40-FTC-FWS-SGR; QL40-SFM-FWS-GR; QL40-SGR-FWS; QL40-BSS-
GR; and QL40-ABI40-SGR. Sensor offsets are normally taken into account by the logger 
software automatically while configuring stack. However, a bug in this software resulted in 
sensor depths being permuted in the QL40-FTC-CAL-GR, QL40-FTC-FWS-SGR and QL40-
SFM-FWS-GR stacks. Once recognized, this bug was circumvented in later runs by 
permuting the tool ordering in the software set-up (i.e., by entering a tool ordering differed 
from that actually used so as to compensate for the bug effect). Sensor offsets can be 
verified by choosing ‘detail’ in the opening dialog of a *.tfd file in Wellcad. 

Depths were measured with respect to three distinct references (Table 12):  
1. the top of the casing of DFDP-2A; 
2. the top of the casing of DFDP-2B; and  
3. the rig table of DFDP-2B.  

Depth is thus labeled mbct (meters below casing top) or mbrt (meters below rig table) 
according to the reference used in what follows. A geodetic survey determined the elevation 
of these three references with respect to a concrete datum. The datum’s elevation above 
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mean-sea-level (New Zealand vertical datum, NZGD2000) was determined by differential 
GPS analysis to be 93.8 m.  

Table 12 Reference levels for wireline logging. 

Log Depth Reference Abbreviation Elevation above  
concrete base (m) 

Casing Top of DFDP-2A CTA 0.10 

Casing Top of DFDP-2B CTB 1.01 

Rig Table of DFDP-2B RT 1.04 

6.5.2 Summary of results 

A table summarizing the logging operations conducted during DFDP-2A and DFDP-2B is 
included as part of Appendix 7 of this report (Table A7. 2). Reference is made to the three 
key terms: 
1. A logging session corresponds to a continuous period of time where logging 

operations go uninterrupted. It ends either when the logging plan is exhausted or 
when other operations take precedence and logging is thus halted. 

2. A run is what happens between the moment a tool string enters the borehole and 
the moment it exits it. Runs are numbered sequentially for each borehole, .i.e. 
there is a run 1 for DFDP-2A and another run 1 for DFDP-2B. 

3. A pass is what happens between the beginning and the end of recording a data 
stream. It corresponds to a single data file. Many passes can be recorded during 
the same run. 

The raw log files are labeled as follows: 

(Hole name)_R(Run number)_P(Pass number)_date(yyyymmdd)_(tool-stack)_(up or 
down)_(anciliary parameters).tfd 

In total, more than 19 km of logging data were collected in the DFDP-2B borehole in a total of 
169 passes (separate acquisitions) spanning 52 runs (separate tool insertions) made during 
20 logging sessions; a further 107 m of logging data were collected in DFDP-2A during six 
passes in three runs. Moreover, more than 4.5 km of acoustic televiewer data were acquired 
in DFDP-2B. 

A representative illustration of the wireline results is shown in Figure 35. Details regarding 
the different logging parameters and other data are provided in Appendix 7. 
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Figure 35 Summary of DFDP-2B well logs, 260-894 mbrt. Columns 1 and 22 depth (mbrt). (1) Drilling and 
borehole geometry: columns 2-4. Column 2: hole deviation and geographical azimuth (corrected for the magnetic 
declination of 23.02° East) from BHTV. Column 3: rate of penetration (ROP), change of drill bit, location where 
drill bit issues occurred, mud losses occurrences measured by variations of the mud level in the return mud pits. 
Column 4: borehole diameter (Caliper) from 3-arms mechanical caliper, drill bit size, diameter derived from the 
BHTV travel-time log and locations where the calculations used more than 75% of azimuthal coverage ("BHTV 
good") in the 545-817 mbrt interval. (2) Mud properties, column 5: density, temperature and viscosity of the drilling 
mud coming out of the borehole and sampled by hand. (3) Total natural gamma ray acquired during run 49, 
column 6. (4) Electromagnetic properties: columns 7-10. Column 7: deep, RLLD, and shallow, RLLS, resistivity 
and RLLD/RLLS ratio, D/S, from DLL pass DFDP-2B_R50_P1. Column 8 and 9: magnetic susceptibility from BSS 
and EM51. Column 10: magnetic field intensity from BHTV and indications of change of passes (black horizontal 
lines) and tools (red horizontal lines). (5) Temperature logs, column 11: The change of gradient observed on the 
temperature log measured by the fiber optic system is noted with a circle labeled DTS. (6) Sonic wide band 
waveform from QL40-FWS, column 12. (7) BHTV images: Columns 13-15. Column 13: image quality manually 
defined on a scale from 0 (very bad) to 5 (good). Column 14 and 15: statically normalised travel-time and 
amplitude images. (8) Summary of cuttings analysis: Columns 16-19. Column 16: lithological units. Column 17: 
relative content of quartz, micas and other minerals. Column 18: geometric mean of the quartz crystal size. 
Column 19 and 20: maximum size of muscovite and biotite. Column 22: true vertical depth derived from 
inclinometry. All logs are depth matched according to Table A4.  

DFDP-2B drilling operation interruptions meant that on several occasions, temperature logs 
could be acquired at different times after the end of circulation. In a few cases, these times 
spanned several days and provide a good record of the temperature equilibration in the 
borehole fluid (Figure 36; see Appendix 7 for additional detail). 
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Figure 36 Natural gamma, temperature, and fluid conductivity data acquired during logging runs 38, 42, 43, 
and 44 over a seven-day period.  

Preliminary velocity logs were obtained by semblance analysis of sonic data from DFDP-
2B_R23_P4 and DFDP-2B_R49_P3. These preliminary velocities and the quality of these 
determinations are shown on Figure 37; further details are listed in Appendix 7. Table 13 lists 
velocities from two good quality regions at 376.8 m and 541.9 m.  
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Figure 37 Preliminary P, S, and Stoneley wave velocities for the DFDP-2B borehole. Also illustrated is a 
qualitative indication of the quality of the sonic log.  

Table 13 Sonic velocities from two good-quality regions of the DFDP-2B borehole. 

Depth (mbrt) P-wave (km/s) S-wave (km/s) Stoneley (km/s) 

376.8 5.128 1.851 1.307 

541.9 3.174 2.000 1.219 

6.6 GEOLOGICAL SAMPLES  

Geological information guided operational decisions. Specifically, our decision to switch from 
open-hole drilling to rotary diamond coring was in large part based on geological 
interpretations of cuttings. Our aim was to set casing at an appropriate distance above the 
Alpine Fault in order to optimise core sampling of the fault rock sequence. Therefore, it was 
essential to have minimal lag time between drilling the rock and having a quantitative 
microstructural analysis. In general this was achieved within 2 – 4 hours. 

Details of the geological sampling protocols and the strategy for commencing coring are 
listed in Appendices 8 and 9, respectively. 
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Scientific preparations were required to ensure that we could predict our distance from the 
fault based on cuttings. Synthetic cuttings were generated (at Otago University) from river 
outcrop sections through the fault rock sequence in the year before drilling. Based on 
analysis of the fault rock sequence in the hangingwall of the Alpine Fault from outcrop and 
DFDP-1 core, we predicted that we would be able to estimate our approximate position with 
respect to the fault principal slip zone. A protocol was established before drilling started 
(Appendix 9). The fault rock sequence when drilled in DFDP-2B was sampled and 
progressed through the sequence of structural transitions as we expected, and we believe 
that we were successful in reaching to within <300 m of the principal slip zone, and probably 
100 – 200 m. 

6.6.1 DFDP-2 Sample Summary 

Samples were registered in the Drilling Information System (DIS) at time of collection, or 
separation in the case of subsamples1. Table 14 and Table 15 summarize the samples 
collected from DFDP-2A and DFDP-2B, respectively; Figure 38 illustrates the depths at 
which samples were collected in DFDP-2B.  

Table 14 Summary of samples collected from DFDP-2A. 

Type of 
sample Location Age Purpose Total # 

Depth range (m) Spacing 
(m) Notes Top Bottom 

Cuttings Onsite Quaternary 
Geological 
description 127 0 126 1.0  

Fossil Onsite Quaternary Dating 4 58 61.5 0.9 
Spacing is an 
average  

Core Onsite Quaternary 
Geological 
description 37 125.5 212.6   

                                                

 
1  All samples collected from DFDP-1 and DFDP-2 boreholes are documented in a slightly modified version of 

the sample summary that can be downloaded by Science Team members from the ICDP-hosted DFDP 
project website at http://alpine.icdp-online.org.  

http://alpine.icdp-online.org/
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Table 15 Summary of samples collected from DFDP-2B. 

Type of sample Location Age Purpose Total # 

Depth range 
(m) 

Spacing 
(m) Notes 

Top Bottom   

Cuttings Onsite Quaternary 
Geological 
description 80 0 238.5 3.0  

Fossil Onsite Quaternary Dating 24 19.9 238 9.1 Spacing is an average 

Cuttings Onsite Basement 
Geological 
description 334 238.5 893.18 2.0  

Drilling mud Onsite Quaternary +basement Geological analyses 153 47 893.2 5.5  

Fossil Onsite Quaternary Dating 1 235.9 236   

Core Onsite Basement 
Geological 
description 80 437 478.3  

Total core length = 32.22 m. 

Mostly cement. 

Cuttings  Onsite Basement Thin section 265 238.5 893.18 4.9 
One quartz-rich separate and one whole 
rock sample at each depth 

Unwashed cuttings Offsite Basement 

Thin section or 
geochemical 
analysis 22 280.1 893.18  

Unwashed cutting samples were mostly 
only taken when insufficient washed 
sample was available for the analyses so 
the depth interval is not systematic. 

Unwashed cuttings Offsite Basement Mechanical tests 4 299 886  299, 814, 866, 886 m. 

Washed cuttings Offsite Basement 

Thin section or 
geochemical 
analysis 202 243.5 884 3.2  

Carbonaceous material Offsite Quaternary Dating 23 20 233 9.3 Spacing is an average 

Gas extracted from drill 
mud Onsite Quaternary and basement Chemical analysis 36 236 892 18.2 

Average spacing; it actually ranges from 0 
to 65 m 
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Figure 38 Illustrations of spatio-temporal sampling locations in DFDP-2B. (a) Cuttings samples. (b) Gas 
samples. (c) Thin section separates from cuttings samples taken onsite. In all graphs the horizontal axis is date 
(DD/MM/YY), and the vertical axis is drillers depth below ground surface in metres. Top depths are plotted where 
samples were collected over a depth range.  

6.6.1.1 Methods 

Full protocols for sample collection and subsequent handling (undertaken or planned) are 
included in Appendix 10. The main types of samples recovered were cuttings, drilling muds, 
cores and gases dissolved in the drilling muds. Subsamples of cuttings were made onsite for 
thin sectioning, and additional subsamples have since been separated in Dunedin for routine 
geochemical or additional thin section analysis. 

6.6.1.2 Cuttings and mud samples 

Mud samples were collected in a 20 litre plastic bucket, and set aside to settle (increasing 
the ratio of solid to liquid) for at least 24 hours before 500 ml of concentrated material was 
decanted into a sealable plastic container. Figure 39 illustrates the sequence of operations 
applied to cuttings and mud samples. 
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Figure 39 Workflow for sampling during basement cuttings phase of DFDP-2. 

Cuttings were collected continuously on a sieve of 1-2 mm size held under the stream of 
mud. A sample was taken and the sieve emptied after every 2 m increase in drilled depth. 
The recovered material was split into two portions; one was immediately heat-sealed in a 
tough plastic bag as unwashed archive half. The remainder was washed carefully in a gold 
pan, then a portion of this material was dried, photographed, and provided to the Geologists 
on shift at that time so that they could examine it and provide geological description to guide 
further operations. These descriptions guided operational decisions (see Geological 
Summary section of this report) and it was a particular success of this phase of the project 
that such rigorous data were able to be collected in real time. All descriptions were carried 
out using visual cuttings description (VcutD) templates generated via the DIS (Figure 40), 
and all descriptions were subsequently uploaded into the DIS. 

Thin sections were made onsite from every other washed cuttings sample, i.e. every 4 m 
drilled depth. Two sections were made at each 4 m interval; a bulk rock sample and a quartz-
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rich sample. The latter were obtained by hand-picking appropriate chips from the washed 
bulk sample. Thin sections were able to be made within 4-6 hours of extraction from the 
ground. Description of microstructures, and measurement of quartz grain sizes, was 
undertaken on these samples, as described in the Cuttings Protocol (Appendix 8). These 
descriptions further guided operations.  

6.6.1.3 Core samples 

Our technical plan at the start of drilling included collection of up to 500 m of bedrock cores. 
We prepared facilities, and rigorous and comprehensive collection protocols to handle this 
core in the best way we could collaboratively devise. In the end, the only cores that were 
collected were of Quaternary material (silts) in DFDP-2A, and of cement and slivers of wall 
rock around the depth of the casing break. 

DFDP-2A core collection occurred before we had established a full science facility on the 
drillsite, so these were subject only to initial description onsite. Cores were subsequently 
split, imaged (using DMT CoreScan3), and described in the Geography Laboratory at the 
University of Otago. All sections and samples were registered in the DIS. Details of the core 
processing are illustrated in Figure 41. 

Cores collected from DFDP-2B comprised cement, aside from scattered intervals in which 
wall rock was encountered. These cores were described in the onsite science facility, and 
then at the logistics base in Whataroa after the onsite science facility had been 
disestablished (January 2015). As described in the protocol for the coring phase (Appendix 
8), we scanned these cores (using DMT CoreScan3), described constituent rock mineralogy 
and structure, measured orientations of structures, made tectonic element tracings (Figure 
47), and uploaded all these data into the DIS. We employed visual core description (VCD) 
sheets generated from the DIS (Appendix 8) for these descriptions. This verifies that the 
procedure we had established in anticipation of a more extensive fault rock coring operation 
is robust and feasible. We thus plan to employ these same protocols in any future phase of 
Alpine Fault drilling.  
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Figure 40 An example of the visual core description sheet. 
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Figure 41 Summary of procedures for core handling. 

6.6.1.4 Offsite sample curation and subsampling 

Samples are curated in refridgerated storage at the Sawyer’s Bay Repository, Dunedin, New 
Zealand. An up-to-date version of the DFDP-2 DIS, and facilities to subsample are set up at 
this location. Subsamples for operational period datasets (e.g. additional thin sections; 
geochemical analyses) were separated in March and April 2015. 
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6.6.2 Quaternary sediments 

Drilling and casing of Quaternary sediments was carried out before the main phase of 
operations. Consequently, there was minimal infrastructure on site at the start of drilling 
(Figure 42), but infrastructure significantly developed as drilling of DFDP-2B progressed. 
A 

 

B 

 
C 

 

 
 

Figure 42 (A) DFDP-2A sample collection took place to the side of the rig at the cyclone, which separated out 
cuttings from compressed air. (B) Samples were processed at a safe distance. (C) Silt was settled in a bucket for 
several hours, then water poured off, and a representative sample collected.  

When drilling with compressed air, diversion was in place from the top of the casing string to 
a cyclone. The cyclone allows air to separate from cuttings and water. Cuttings were 
collected at the base of the cyclone, while the air is expelled from the top (Figure 42A). 
Sediment samples were collected systematically every metre and the outflow was 
continuously monitored for anything of interest e.g. wood fragments. Systematic sampling 
involved filling a bucket at the metre mark. The bucket was then taken to a safe distance and 
processed (Figure 42B). Samples were described and placed into a bag which was labelled 
inside and out. Description included: depth, time, percentages of gravel/sand/silt (estimated 
visually), colour, grain rounding if coarse grainsize, lithology, wetness, fossils and any 
general notes (Figure 43). Sub-metre descriptions were added if a change was noted. Sand 
and silt was washed through a sieve in an attempt to capture any macrofossils. Fine-grained 
samples from the bucket were drained as much as possible and a sample of fines was 
bagged (Figure 42C). Fine grained samples were left for 24 hours, when possible, to allow 
the finest material (including suspected pollen) to settle out.  

Sorting was caused by separation during transport by the drilling fluid. Where 12” or 10” 
casing was being advanced through the uppermost fluvio-glacial gravels there was difficulty 
lifting coarse-grained (pebbly) material using compressed air. Pebbles settled between the 
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drill bit and lowermost casing, whereas finer-grained (sand-clay) material was more-easily 
carried in the air or water return. There is, therefore, some degree of ‘drilling-related’ 
bias/sorting of material within any one casing length. At the end of each 6 m casing run, any 
accumulated coarse-grained material was cleaned from the hole by blasting at high-
pressure, but this was not always totally effective. Samples returned from any particular 
depth can include an integration of material within the 6 m above, or more, so depth positions 
of samples are considered ±6 m. An unforeseen advantage of this was that the sorting did 
seem to concentrate woody material in the drilling returns. Wood was collected for dating.  

Contamination was introduced when water was extracted from the nearby creek and used as 
a drilling fluid, either injected directly into the air stream, or used to make mud. Rotary drilling 
DFDP-2A (127.3–212.6 m) and DFDP-2B (below 77 m) used water sourced from a nearby 
stream, pumped through a mesh filter ~1 – 2 mm in size to a storage tank. For the most part, 
the storage tank appeared contamination free, although we did discover one or two pieces of 
green vegetation and black rubber (eroded from the inside of the cyclone hose) in material 
sieved from drilling returns. Observed contamination included green plant material and grass, 
brown woody twigs, and even some worms which journeyed to the base of the hole and 
back. Any material collected at drilling depths below 77 m in DFDP-2B needs to be treated 
with caution for its potential to contain contamination from the surface. 
A 

 

B 

 
Figure 43 (A) Representative page of field notebook showing details of samples that were recorded every 
metre. (B) Sketch of situation at 125.5 metres in DFDP-2A at the base of 10 inch casing. 

The stratigraphic sequence encountered in DFDP-2A (Figure 44) comprised a Quaternary 
sequence of fluvial-glacial gravels (0 – 58m) that graded downward into sandy lake delta 
sediments (59 – 77m), which in turn overlay a thick sequence of lake mud and silts, with rare 
pebble-cobble diamictite (77 – 206m). The base of the sequence (206 – 240m) contained 
coarse cobbles and boulders, which may represent a separate till diamictite rather than part 
of the lacustrine sequence. Schist bedrock was sampled at 240 m depth in DFDP-2B.  
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DFDP-2A cuttings that sample fluvio-glacial gravels (0 – 59 m) were air dried at 25°C, then 
oven dried at 50°C, sieved and weighed in >2 mm, 2-0.85mm and <0.85mm size fractions, 
then remixed and stored in clear plastic 1 litre containers. Most of these samples contain 
>60% sand or gravel. Cuttings from lake delta (59 – 77m), lacustrine and diamictite 
sequences are much finer-grained, presently (July 2015) remain wet, stored in heat-sealed 
bags under refrigeration at GNS Science, Lower Hutt. DFDP-2B cuttings from throughout the 
sequence presently (October 2015) remain wet, stored under refrigeration at the University of 
Otago Sawyers Bay facility.  

Macro-organic fragments were found in the sequence, and were particularly rich with the 
deltaic sequence. 44 samples from DFDP-2A and 23 samples from DFDP-2B were 
separated as ‘fossil samples’ with potential to provide material for dating. Fossil samples 
were oven dried at either 30 or 50°C, transferred to airtight plastic containers, and are 
currently (October 2015) housed at GNS Science, Lower Hutt.  
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Figure 44 Geological log of Quaternary sediments sampled in DFDP-2A. 
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6.6.3 Basement rock 

Basement rocks sampled are amphibolite facies metamorphosed sediments that are 
classified as part of the Aspiring Subdivision of the Torlesse Supergroup [Cox and Barrel, 
2007]. Fabrics were schistose in the upper part of the hole, but at greater depths we 
observed increasing indications that the rocks had been subjected to simple shear 
deformation within the ductile shear zone down-dip of the brittle Alpine Fault. These macro 
and micro-structural features were consistent with those that typify the Alpine Fault mylonite 
sequence previously described [Toy et al., 2015]. A reference suite of similar samples had 
been prepared and made available to Geologists working on the drillsite, and comparisons to 
these reference rocks were used to guide field classifications of protomylonite and mylonite.  

Methodologies for macro and microstructural description of the recovered materials are 
outlined in the Cuttings and Core Handling Protocols (Appendix 8). 

6.6.3.1 Macrostructural analysis 

General descriptions of washed, dried cuttings subsamples were performed onsite, 
employing a Visual Cuttings Description template generated using the DIS (Figure 45 and 
Figure A8.2). The data gathered included information on proportion of different lithologies, 
colour, grain size and angularity. All data were uploaded into the drilling information system 
(DIS; see Appendix 8 for further details).  

We estimated quartz:mica ratios in the recovered cuttings samples using a method wherein a 
subsample of washed, dried cuttings was split into quartz-dominant, quartz>mica, 
quartz=mica, mica>quartz and mica-dominant fractions. These were weighed and converted 
to weight proportions. Based on these data (Figure 46) we defined quartz-dominant or mica-
dominant parts of the drilled sequence.  
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Figure 45 Sample Visual Cuttings Description (VcutD) form. 

6.6.3.2 Microstructural analysis 

We developed protocols and trained students in how to rapidly create thin sections before 
drilling, during the synthetic cuttings experiment wherein synthetic chips were generated by 
crushing representative hangingwall fault rocks. Protocols for quantitative microstructural 
analysis, which included point counting and measurement of average quartz grain size via a 
linear intercept method, was also developed in advance (Figure 47; Appendix 8). Qualitative 
descriptions, such as quartz texture, distribution of accessory phases, nature of 
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porphyroclasts, were also made. All data were checked by the senior geologist, who had 
extensive experience in observation of the fault rock sequence (Toy, Little, Prior, or Cooper). 

Systematic microstructural information was gathered. In addition we measured shear band 
spacing and the size of mica grains; these data were also gathered in retrospect for the 
synthetic cuttings samples. 

 
A 

 

B 

 
Figure 46 (A) Summary geological log of DFDP-2B. (B) Proportion of quartz:mica in recovered cuttings. 
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Figure 47 Quartz grain size in cuttings. Reduction of mean grain size below 100 microns had been identified 
in the synthetic cuttings experiment as a key indicator of a transition to the mylonite zone. 

6.6.3.3 Cores 

Wall rock from below 470 m depth was encountered in three core runs after the casing 
failure. Structural analysis and description revealed protomylonite fabrics in rocks derived 
from a hangingwall Alpine Schist protolith (Unit 1 of Toy et al., 2015). This is consistent with 
the interpretation made from cuttings samples recovered from that depth, and is validation of 
our methodology for cuttings analysis and description.  

Detailed descriptions of these cores were made using the “Visual Core Description” 
templates we had prepared; an example is included in Appendix 8 (see Figures A8.5 and 
A8.7). Figure 48 illustrates the core surface image and tectonic element tracing of a sample 
of wall rock core. 
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Figure 48 Core surface image (top) and tectonic element tracing (bottom) of a sample of wall rock core from 
DFDP-2B. 

6.7 FLUIDS AND GASES 

6.7.1 Fluid sampling 

During the lead up to DFDP2, collaboration between GNS Science, University of 
Southampton, and GFZ Potsdam characterised regional fluid flow around the Alpine Fault, 
developed a regional dataset on Alpine Fault spring fluids and gases, and analysed the likely 
fluid state and chemistry at the DFDP-2 drill site (see Appendix 3).  

The group aimed to sample geothermal fluids flowing at the surface from DFDP2, and if 
possible, collect produced fluids via a downhole fluid-sampler. Details of the wireline tool and 
protocols are given in Appendix 10. It was envisaged there may be an opportunity to produce 
fluids after an extended leak-off test; and it was intended to use the wireline sampling tool in 
combination with the packer system used for hydraulic testing (see below). The intention was 
to draw uncontaminated fluids out of the formation after the hole was cased at 893 m, and 
during breaks in the coring operations. In the event, however, no leak-off tests were 
conducted and the wireline sampling tool was not used. 

Hydrothermal fluids were allowed to flow to the surface from 236 m depth in DFDP-2B, 
where a 5 l/s flow steadily increased in temperature reaching 43°C before it was stemmed 
with drilling mud (density c. 1.03 g/cm3). Spot measurements of pH (6.4 – 6.5), conductivity 
(1450 – 1700 µS), temperature and flow rate were collected at the time. Fluids were 
sampled: (a) two copper tube samples - for elemental and isotopic compositions of noble 
gases (He, Ne, Ar, Kr, Xe) and 12C/13C in CO2 and CH4; (b) two 500 ml samples into new 
acid-cleaned HDPE bottles, flushed, filled with minimum headspace, sealed with parafilm — 
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to be used for major and trace element chemistry; (c) four 60 ml samples in acid-cleaned 
HPDE bottles, filled to top within minimal headspace (no air), parafilm sealed – were 
collected for isotope analysis; (d) one 1 litre sample, in flushed bottle, no air – for tritium 
dating or other such use. Rubber gloves were worn during sample collection to help prevent 
contamination. Samples for trace element analysis were subsequently filtered through 0.2 
μm filter paper and acidified (with 1 ml/L quartz distilled concentrated HNO3). Alkalinity was 
determined by titration with quartz distilled 0.1 N HNO3 approximately 12 hours after 
sampling.  

Further details are given in Appendix 10. 

6.7.2 Online gas chemistry monitoring  

A systematic and comprehensive analysis of the composition of gases extracted on-line from 
drilling mud was undertaken during the drilling using the online gas analysis (OLGA) 
methodology developed by GFZ Potsdam in the course of several previous drilling 
experiments (Erzinger et al., 2006; Figure 49). 

 
Figure 49 Schematic figure showing the main components of the online gas analysis (OLGA) system used for 
continuous real-time gas chemistry sampling and analysis.  Image provided by Martin Zimmer, GFZ Potsdam.  

For drilling mud gas extraction, a portion of the circulating mud is admitted to a modified 
oilfield gas-water separator (degasser, Figure 50). The gas dissolved in the drilling mud is 
extracted mechanically under slight vacuum and pumped through a plastic tube (inner 
diameter 2mm, length 40m) to the analytical equipment in the lab container (Figure 51). The 
separator is composed of a steel cylinder with an explosion-proof electrical motor on top that 
drives a stirring impeller mounted inside the cylinder. The gas separator was installed as 
close as possible to the outlet of the mudflow line in order to minimize air contamination and 
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degassing of the drill mud before gas extraction. A small membrane pump is used to build up 
vacuum and to pump the extracted gas into a laboratory trailer.  

The diameter of the degasser used during the first drilling period was 30 cm. On 26 October 
2014, a different degasser with a diameter of 20 cm was installed. The volume of extracted 
gas pumped to the container was 3 liters per hour. 

Major and trace gas concentrations were determined in the field with a quadrupole mass 
spectrometer (Omnistar, Pfeiffer Vacuum GmbH Germany); light hydrocarbons were 
characterized by means of a gas chromatograph (SRI 8610 C, SRI Instruments Europe 
GmbH), equipped with a FI-detector; and radon (Rn) was measured using a Lucas cell 
developed by GFZ Potsdam.  

  
Figure 50 (left) Diagram showing the internal form of the degassing unit used to extract gas from the mud 
flowing out of the borehole. Image provided by Martin Zimmer, GFZ Potsdam. (right) Photo showing the position 
of the mud degasser in the outflow from the borehole. The returns pit is in the upper right of the photo and the 
suction pit to the upper left.  
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Figure 51 Photo showing the layout of the OLGA equipment in the geochemistry facility. The mass 
spectrometer is on the left of the bench; the radon detector is largely obscured in this photo by the left-hand 
laptop; the red and grey box to the right is the gas chromatograph. An uninterruptible power supply sits below the 
bench.  

Calibration of the mass spectrometer and the gas chromatograph was performed once a 
week and after technical maintenance of the instruments. The Lucas cell was calibrated in 
advance of the field work. Calibration of the mass spectrometer and the GC was performed 
with certified standard gases (Air Liquid) of the compositions listed in Table 16. 

Table 16 Compositions of mud gas calibration standards. 

Mass spectrometer 
calibration gas 1 

Mass spectrometer 
calibration gas 2 

Gas chromatograph 
calibration gas 

Ar = 1058 ppmv 

He = 52 ppmv 

CH4 = 474 ppmv 

CO2 = 5200 ppmv 

H2 = 4853 ppmv 

N2 = 98.84 % 

He = 93 ppmv 

CH4 = 976 ppmv 

CO2 = 2977 ppmv 

H2 = 987 ppmv 

N2 = 79.5 % 

O2 = 20.0% 

CH4 = 3.027 % 

C2H4 = 200 ppmv 

C2H6 = 515 ppmv 

C3H6 = 48 ppmv 

C3H8 = 202 ppmv 

iC4H10 = 49 ppmv 

N-C4H10 = 50 ppmv  

The Lucas cell was calibrated with a standard alpha source emitting 700 impulses/minute. 
Detection limits of the mass spectrometer are 1 parts per million by volume (ppmv) for He, 
H2, CH4, and Ar, and 10 ppmv for O2, N2, and CO2. Detection limits of the GC are 1 ppmv 
and for the Lucas cell 1 impulse/minute.  

The mass spectrometer analyzing interval for the gases H2, He, N2, O2, CH4, CO2, Ar) was 
set to 1 minute, and the interval for the gas chromatographic analyses for CH4, C2H4, C2H6, 
C3H6, C3H8, I-C4H10, N-C4H10 was 10 minutes. The Rn activity was measured every minute.  

During drilling, gas samples were collected intermittently for later laboratory analyses 
(including noble gases) and following the detection of gas peaks by the on-line system. In 
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total, 24 gas samples were collected in glass tubes and 8 gas samples were collected in 
copper tubes to determine the abundances of major and trace gas components (CO2, N2, 
CH4, Ar, He, O2, H2), the elemental and isotopic compositions of the noble gases (He, Ne, Ar, 
Kr, Xe) and 12C/13C in CO2 and CH4 (Table 17).  

Table 17 Table of gas geochemistry samples. “Page” refers to the DFDP-2 Gas Laboratory notebook. 

Date 
(NZDT) 

Time 
(NZDT) 

Sample 
container 

Drill depth 
(m) Note 

Sample vol. 
(ml) Page 

10/10/2014 09:50 copper 236 water 

 

N/A 

10/10/2014 09:50 glass 236 water 250 N/A 

10/10/2014 09:50 glass 236 water 250 N/A 

20/10/2014 09:07 glass 291 

 

250 18 

20/10/2014 10:54 glass 295 

 

250 18 

20/10/2014 15:54 copper 301 

  

21 

20/10/2014 18:46 glass 305 

 

250 21 

21/10/2014 11:53 glass 325 

 

250 24 

21/10/2014 21:22 glass 345 

 

350 27 

22/10/2014 11:37 glass 365.6 

 

350 32 

22/10/2014 18:20 copper 377 post-earthquake 

 

32 

23/10/2014 08:22 glass 396.5 intermittent pumping 350 37 

08/11/2014 13:15 glass 397.6 underweight mud 250 40 

10/11/2014 03:32 glass 418 

 

250 43 

11/11/2014 00:27 glass 449.5 

 

250 47 

11/11/2014 21:58 copper 483.7 

  

51 

11/11/2014 22:28 glass 485 

 

350 51 

16/11/2014 18:53 glass 509 

 

250 59 

27/11/2014 11:56 glass 558 

 

250 73 

27/11/2014 22:27 copper 571 

 

   75 

28/11/2014 02:52 glass 588 

 

250 77 

28/11/2014 21:25 glass 616.5 oil on surface 150 79 

28/11/2014 21:25 glass 616.5  100 79 

29/11/2014 01:17 copper 622.3   81 

29/11/2014 22:12 glass 653.95 

 

250 85 

30/11/2014 18:50 glass 692.5 

 

350 89 

01/12/2014 02:47 copper 707 

  

91 

01/12/2014 23:12 glass 743.3 

 

350 97 

03/12/2014 15:53 glass 816.4 

 

350 107 

07/12/2014 04:40 copper 833 

  

115 

07/12/2014 12:29 glass 851 

 

250 117 

08/12/2014 09:51 glass 892  250 121 



 

 

GNS Science Report 2015/50 89 
 

6.8 HYDRAULIC PRESSURE AND STRESS TESTING  

6.8.1 Initial planning, tool choices, and mobilization 

Preparations were made to obtain at least one estimate of the minimum tectonic stress using 
an extended leak-off test (XLOT) conducted in a rat-hole drilled below the 7” casing (at a 
nominal depth of approximately 800 m; Figure 52). It was assumed based on available 
information that the minimum compressive stress at the DFDP-2 site is the vertical stress 
(overburden): the purpose of conducting the XLOT was to verify this and, if that were the 
case, to obtain an estimate of the rock density. Conducting a XLOT would also have enabled 
an estimate of permeability to be made, as described in the following section. 

 
Figure 52 Diagram summarizing expected trends in fluid pressure (Pp), vertical stress (Sv), and the maximum 
horizontal compressive stress (SHmax) calculated assuming a critically stressed reverse regime and the density 
and fluid pressure parameters listed. 

A slimhole packer system known as the STX-60 (Figure 53) was leased from Inflatable 
Packers International (IPI) in Perth, Australia, and equipped with 60 mm, 70 mm, and 86 mm 
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nitrile packer elements suitable for use in HQ and PQ holes under various pressures and 
temperatures of up to 100°C.  

• STX-60 tool configured for deployment on pipe and via wireline for 3 m PQ and HQ 
barrels  

• STX- 2 7/8” internal flush (IF) crossover for deployment on drill rods 

• 5000 psi flow skid, required for pressures above 1500 psi likely during XLOT, and 
equipped with 1” male JIC fittings on the inlet, outlet and circulation lines and three 5 m 
hoses terminated in 1” male NPT fittings with female JIC adaptors. 

• USB cable to connect log box to PC. 

• 25m Data Cable to connect from Flow Meter sensors to the Log box, which will be next 
to the PC. 

• 86 mm high-pressure straddle packer for pipe-deployed XLOT at 800 m 

• 70 mm high-temperature straddle packers for wireline operation to c. 1000 m in PQ 

• 60 mm high-temperature straddle packers for wireline operation below 1000 m in HQ 
(to 1500 psi) or PQ (to 1000 psi) 

• Datacan memory gauges for both packer and straddle interval.  

• Ancillary equipment (replacement parts, connectors etc.) 

The STX-60 can be deployed on drillpipe or by wireline, for high-pressure (e.g. XLOT) and 
low-pressure (permeability) measurements. In order to reach the injection pressures 
estimated during planned to be required to exceed S3, the tool would need to be deployed 
on pipe rather than in wireline mode, and connected to 3000 psi, 118 litre per minute pump 
cementing pumps. The 86 mm packers available for use with the STX-60 have a maximum 
injection pressure of 4000 psi in PQ.  

The open hole drilling from 100–800 m (nominal depths) was intended to employ a heavier 
(non-wireline) drill pipe, which could be used for the XLOT following wireline logging. For 
planning purposes, this pipe was assumed to be 4.5 inch flush external, 2 7/8 inch IF tool 
joint with a midbody wall thickness of 0.337 inch for 15.2 lb/ft tubing and a maximum working 
internal pressure of 4500 psi. 

It was also intended that permeability measurements be made in as much of the borehole as 
possible, following wireline logging. Ideally this would have be done from the bottom up 
without having to reset the packer system. 

The STX-60 equipment that could be used would not enable permeability measurements to 
be made in the upper portion of the borehole because the planned 8 ½” diameter inch hole 
diameter was too large for the available packers. Based on discussions with IPI and 
assumed standard PQ and HQ drill strings, the decision was made to deploy the STX-60 in 
wireline mode, limiting the maximum achievable inflation pressures to 1500 psi for 70 mm 
packers or 1000 psi for 60 mm packers. 

6.8.2 Refined plan for hydraulic tests 

Following discussions on-site in early October 2014, revised plans were drawn up for a multi-
stage sequence of tests. This sequence is outlined in Table 18. 
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Table 18 Planned sequence of hydraulic measurements. 

Stage Well configuration Procedure 

1 

 

Reach basement, drill a few meters more. Insert 10" casing. 
Bottom of the casing would be cemented. Change of drill rig. 
Meanwhile: 

- Run IDRONAUT 

- ABI (=BHTV for inclination) 

- Monitor for several hours: T at the bottom, shallow P 
monitoring 

- Run IDRONAUT: to check mud weight change with T (-
> extrapolate shallow P to bottom), T change, and 
check there is no inflow 

2 

 

New drill rig. Attempt cement base of 10” casing 

Drill further ~200m. Attempt:  

- Trip out pipe 4.5” 

- ABI (inclination) (+T log ?) in these ~200m. Meanwhile 
monitor fluid level in borehole. 

- Trip down pipe 4.5” 

- Slug test (by tripping out 1 rod=9m) 

3 

a,b,c… 

 

Drill further ~200m again. Same as 2.  

Repeat as necessary 

4 

 

When in mylonites (from inspection of cuttings) or > 1000 m, 
make full suite of geophysical measurements in open hole 
between CD and TD: 

1 FTC-CAL3-GR (for hole conditions)  ALT 
(stackable) up+down 

2 MuSET (for SP and time-lapse T)  ALT (not 
stackable) up+down 

3 DLL5 (electrical resistivity)   GeoVista 
(not stackable) 

4 ABI-GR (acoustic images)   ALT 
(stackable) 

5 FWS-FSM (sonic & 2 flowmeter runs) ALT 
(stackable) up+down 

6 AGR (spectral gamma, Antarès tool) Antares 
(not stackable) to surface 

Wiper trip 
1 FTC-GR (temperature)   ALT 

(stackable) up+down 

2 MAG-GR (susceptibility)   ALT 
(stackable) 

3 MSS (2 sonic runs at different frequencies) Mount-
Sopris (not stackable) 
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4 DLL5 (resistivity, to check invasion)  GeoVista 
(not stackable) 

5 FTC-CAL3-GR (hole conditions)  ALT 
(stackable) up+down 

 

5 

 

Run 7” casing and cement 
Cement Bonding Log with FWS-GR-FTC.  

6 

 

Insert PWT string (5” ID) to guide drillstring. 
Run PQ drill string and core rat hole 

Trip out PQ drill string 

Run ABI to check fracture and hole diameter before 
hydrofracturing  

7 

 

Trip in 4.5” string and STX-60 packer tool (single packer, 
inflow though tubing).  

- Packer inflation with water through tubing 

- Short slug test (drawdown using difference between 
water, product less than 3 min, measure water volume 
released).  

- XLOT (eXtended Leak Off Test) 

Trip STX-60 and 4.5” string out  
Run ABI to check fracture and hole diameter after 
hydrofracturing  

8 

 

Trip in PQ coring string 
Insert ST60 in wireline mode 

Produce fluid through PQ string. 

Insert fluid sampler downhole, if possible. 

Meanwhile monitor flow rate. 

9  Core PQ until fault encountered 

6.8.3 On-site testing 

Briefly, the straddle packer system consists of two inflatable packers with a gap, called the 
interval, of 1.65 m between them as illustrated to the right. The Control Unit chosen for the 
work is the STX-60 (Inflatable Packers International, Australia; Figure 53). The grey ‘Control 
Unit’ attaches to the straddle just above the Top Packer. Its top is in turn connected to the 
bottom of the drill string; the entire unit is moved up and down the borehole using the drill 
string.  

Once the interval is put at the desired depth, the drill string is pressurized and this inflates the 
packers. Once the desired pressure is reached and the packers are inflated and then ‘set’ in 
place, the drill string may then be moved up or down to activate valves within the Control Unit 
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that will distribute the fluid flow from the surface either to the zone above the topmost packer 
or to the interval depending on the need.  

The Control Unit and the Straddle Packers system contain 5 memory pressure/temperature 
gages (DataCan gauges) that record every second. Two of these redundantly measure the 
interval pressure, two redundantly measure the packer pressures, and the last measures the 
pressure beneath the straddle in order that leakage of the bottom packer can be monitored.  

During operations the two packers are pressurized such that they expand against the 
borehole. The purpose of this is to seal and isolate the interval so that the pressures within it 
can be controlled independent of the existing fluid pressures in the borehole. Once this is 
done either permeability or stress measurements can be carried out.  
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Figure 53 Simplified diagram showing the basic geometry of the STX-60 packer system. Diagram provided by 
Doug Schmitt (Alberta).  

In situ permeability tests are then accomplished by rapidly changing the interval pressure. 
This was to be done by applying from the surface a known relative air pressure to the top of 
the drill string. The Control Unit would be set to allow fluid to flow out of the drill string and 
into the annulus above the top packer and as such the air pressure will push the mud out 
achieving a change in the elevation of the fluid in the drill string that will depend on the 
difference of head due to the relative air pressure change. Once this is stabilized, the control 
unit is moved such that the drill string is instead connected to the interval while at the surface 
the air pressure is released to atmosphere. As the pressure in the drill string should now be 
less than the pore fluid pressure in the formation due to the difference in head, fluid will flow 
from the formation into the interval. During this time the interval pressure and, if possible, the 
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height of the fluid in the drill string can be measured. Together these will allow for the 
determination of flow rates that are seeking to achieve equilibrium. The longer the time to 
achieve equilibrium (i.e. either a constant fluid level or an interval pressure) the lower the 
flow rates and hence the bulk permeability of the formation.  

The stress tests are essentially small hydraulic fracturing measurements. In these tests, a 
small interval of the borehole is isolated using two inflatable packers. The fluid in this interval 
is instead then pressurized until, typically, a peak pressure that rapidly drops is observed. 
The pressures within the interval are then allowed to stabilize. This cycle is repeated a 
number of times in order to gain confidence in the observed pressures and to assess the 
influence of other factors, such as pre-existing natural fractures, on the observations. The 
interpretation of these pressurization curves together with associated flow rates in and out of 
the borehole allows the values of the maximum and minimum horizontal compressive 
stresses to be constrained. Details of how such curves may be interpreted were presented 
by Schmitt et al. [2012]. 

These stress measurement tests differ significantly from the large scale hydraulic fracturing 
employed in the petroleum industry in which many tens of thousands of cubic metres of fluids 
are injected rapidly. Here, the purpose is quite different as the goal is to obtain high quality 
measures of the stresses from fluid pressures in the interval; and usually only a few tens of 
litres are injected.  

6.8.3.1 Surface Testing of the Equipment 

A mock ‘borehole’ consisting of a single drill string was placed horizontally on the ground on 
a number of large diameter casing strings (Figure 54). This allowed for testing of the STX-60 
Control Unit and straddle packer system. Only the straddle packer was placed within the 
mock borehole with the Control Unit outside where its operation could be observed. The 
system was pressurized using the driller’s high pressure spray wash unit. The surface control 
unit (Figure 55) allows for the control of the pressurization of the interval. It is connected to 
the high pressure pump (high P in), to the drill string (high P out), and to a surface release 
pipe (return flow out). This system contains a high and low pressure analog gages, a 
pressure transducer, and a flow meter with transducer. This allows the pressure at the 
surface attached to the drill string to be measured as well as any flow out to and returning 
from the interval. Note that the downhole pressure must account for the additional pressure 
head due to the height of the fluid column. Some photographs of the field testing are given in 
Figure 56 which shows implementation of the skid unit by the mock borehole, and Figure 57 
that shows fluid exiting the STX-60 slots in the zone between the packers. In this photograph 
the STX-60 was outside of the mock borehole during testing of its valve system.  

A number of different trials of a typical hydraulic fracturing measurement cycle were carried 
out using this mock borehole. The major purpose was to better understand how to manually 
control the pressurization and the flow rates. During the test all five memory gages recorded 
pressures and temperatures (at the surface) while the pressures and flow rates were 
simultaneously recorded separately. The steps in a typical test consisted of 
1. Turn on memory gauges and place them within the appropriate position within the 

straddle packer. These begin recording the second they are turned on. We found 
that we must carefully record the time that this occurs so that the records can be 
later properly corrected for time.  

2. Shove the straddle packer system into the mock borehole. 
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3. Attach the STX-60 Control Unit to the straddle packer. Attach pressurization tube 
from the surface pressure and flow skid. 

4. Inflate the packers to the desired pressure. This was approximately 1000 psi in 
order to remain well within the safety bounds of the packers. These set packers 
were allowed to settle for a period of about 20 minutes. 

5. Switch the STX-60 to the interval mode and pressurize the interval. The 
pressurization rate was controlled by the manual wheel valve on the surface unit.  

6. Once an appropriate interval pressure is obtained ‘shut in’ the interval by moving 
the STX-60 control. The interval pressure is allowed to equilibrate. 

7. Release the pressure on the interval. 
8. Repeat pressurization of the interval to the desired level. Then continue to cycle 

steps 7 and 8 as long as desired. 
9. Finally, release the pressure to the interval. Once this is complete, release the 

packer pressure and allow them to deflate.  
10. Detach the STX-60 Control Unit 
11. Remove the deflated packer system from the mock borehole. 
12. Remove the 5 memory gages from the straddle packer assembly. 
13. Download the data from each of the memory gauges.  
14. Compare the results.  

An example of the data observed during the last run of a long test cycle carried out on 7 
December 2014 is shown in Figure 58. Note that the various pressure and temperature 
curves appear shifted relative to one another. This is because of the issues related to setting 
the times on the memory gauges, this can be corrected for but it takes some effort and 
requires development of a more complete program. Matlab codes were written to extract the 
data from all of the various transducers and to plot them, although the timing issue remains 
to be resolved. Careful examination shows that both packer pressures and both interval 
pressure curves have the same shape but they are shifted in time. The fifth pressure 
transducer records the pressures below the packers and because it was always at 
atmospheric pressure within the mock borehole it shows a value of 0 the entire time as it 
should. The flow rate curve in the central panel displays both flow out and back as a positive 
number; observers will have to take care to ensure that the times of out and back flow are 
carefully recorded. The temperatures, too, are interesting as they show the temperature 
change during the few hours of the test from full sun to cooling with rain.  
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Figure 54 Mock borehole, straddle packer system, and STX-60 Control Unit.  Figure provided by Doug 
Schmitt (Alberta).  

 
Figure 55 Surface Pressure Control Unit. Pressurization is manually controlled by adjustment of the flow 
control wheel. Photo supplied by Doug Schmitt (Alberta).  
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Figure 56 Testing of the STX-60 on the surface, November 2014.  Photo contributed by Bernard Célérier 
(CNRS/Montpellier).  

 
Figure 57 Water flowing out of the STX-60 during testing. Photo contributed by Bernard Célérier 
(CNRS/Montpellier).  
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A 

 

B 

C 

Figure 58 a) Pressures observed in the memory gauges and from the surface pressurization skid transducers 
with time. Times are not shifted to a common start. b) flow rates recorded by the surface skid. Flow out and back 
both are positive as per this flow meter’s operation. c) temperatures recorded during the over 4 hours of testing. 

The drastic drop in temperature is associated with flow of water into the packer system. The more gradual trends 
are due to daily temperature variations.  

6.8.3.2 Recommendations 

Regrettably, we were never able to deploy the STX-60/straddle packer system due to issues 
of drilling and casing. However, the experiences with the mock borehole highlighted room for 
improvement in potential future scientific drilling programs.  

Overall the STX-60/straddle packer system worked well. The functioning of this system 
together with the added safety afforded by the fact that it is mounted directly on the drill string 
caused us to change our plans for the hydraulic fracturing testing during drilling. Initially, we 
had planned only a ‘Leak Off Test’ in which we might cement the casing and pressure it with 
the packers in the casing above the open hole. This was in part based from experiences of 
other drilling programs and from Schmitt’s own experience with a wireline deployed packer 
system. However, the added strength and pulling capacity of the drill string that directly 
supports the STX-60/straddle packer assembly indicates that it should be possible to carry 



 

 

100 GNS Science Report 2015/50 
 

out multiple stress measurements along the open sections of the borehole. As we anticipate 
that the permeability tests will occur using the same test sequence, we should be able to 
make numerous permeability tests with this arrangement in any future drilling.  

That said, there are a number of issues that can be improved. These include: 
1. The current memory gauges record at a rate of only 1 sample/second. We 

recommend that in future we look for alternative gauges that can sample at a 
faster rate and at least at 10 samples/second. This is so that rapidly evolving 
events that occur during hydraulic fracturing breakdown, instantaneous shut-in, 
and fracture closure may be better detected. Ideally, we would also like to record 
such pressures in real time but this is not easily achieved with the current STX-60 
configuration. 

2. The pressurization control on the surface skid is simple, but it does not afford one 
the ability to first track the pressure increase nor to consistently control or adjust 
it. With the current system one must turn the valve wheel while watching the 
analog pressure gauges to know what pressures are being attained at the 
surface only. We recommend that in future we replace this surface skid with the 
surface pressurization and instrumentation developed for the ANDRILL program 
as constructed by E. Scholz and deployed by Schmitt. This system allowed for 
the real time monitoring of the surface pressure and the flow rate with 
pressurization controlled by a sensitive ‘stick-shift’ valve.  

3. We had initially assumed that we required a large pump to pressurize the packers 
and the interval. Based on our tests, we believe that a smaller pump and perhaps 
one as simple as a high pressure wash unit will be sufficient for any actual field 
measurements.  

6.8.3.3 Summary 

While we are disappointed that we were not able to make actual borehole measurements of 
either permeability or stress, the testing carried out at the site was invaluable for planning of 
future campaigns. As well, a complete system for carrying out both measurements including 
specially machined parts that may be attached to the well head assembly are now in place. 
Most of these were designed and machined immediately after drilling had commenced but 
were all in place for use before the end of drilling and have been stored for future use. We 
are confident that successful measurements of permeability and stress can be made in any 
future drilling as long as temperatures are not too high and as long as suitably round sections 
of the borehole exist. We urge that the logistics of modifying the system as described in the 
recommendations be carried out well in advance of future drilling. Adaptation of the ANDRILL 
skid, for example, will require some new plumbing and probably updating of the LabView 
programs initially used for data acquisition. 

6.9 DFDP-2B WELL COMPLETION 

It was established that the broken PWT casing was misaligned and could not be moved, so a 
revised completion plan was made. Revised objectives were: (1) to make the well safe, so 
that it could not flow in future; and (2) to make the well useful for science. To achieve this we 
cemented the full annulus and about 100 m back up inside casing. We then drilled out the 
casing to a depth of 400 m, to leave a sealed and secure well 400 m deep. However, the 
fibre optic cable was installed successfully to 893 m depth and was demonstrated to be 
functioning correctly. 
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In January 2015, a short-period three-component borehole seismic sensor (15 Hz sensor, 
rated to 69 MPa, 200°C; 50 mm diameter, non-gimballed, 180° tilt tolerance) ) manufactured 
by IESE Ltd. and attached to 7/16” 7-conductor armoured wireline from Camesa was 
installed in the DFDP-2B borehole at a depth of 400 m. This sensor is retrievable. 

A modified shipping container was installed above the DFDP-2B wellhead and equipped with 
shelving and electrical wiring to facilitate ongoing experiments (Figure 59). The subsurface 
configuration of the DFDP-2 borehole is illustrated in Figure 60. 
A 

 

B 

 
C 

 

 
 
 
 
 
 
 
D 

 
Figure 59 The DFDP-2B observatory (14/1/2015). (A) External view looking up valley. (B) Internal view of the 
completed observatory container. (C) 15 Hz seismometer installed in DFDP-2B held by John Townend. (D) View 
into cellar beneath the container, with: DFDP-2B wellhead; fibre optic cable emerging from BQ pipe; and 
seismometer cable emerging from PWT casing with red lift-off cover. 

6.10 MEDIA REPORTING AND PUBLIC ENGAGEMENT 

Public outreach performed during DFDP-2 was extensive. Many members of the Science 
Team contributed. We are particularly grateful to the graduate students, some international, 
who interacted extensively with local people (e.g. schools, site visits, field trips, etc.). A 
summary of press releases, videos, and media stories is included as Appendix 11.  
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6.10.1 Post-drilling technical review and survey of on-site participants. 

Following on-site operations ending in January 2015, a technical workshop and a survey of 
the Science Team members were conducted to document the drilling and broader 
operational activities and draw lessons for possible future drilling in the Whataroa Valley. 
Details of the March 2015 post-drilling technical workshop are included in Appendix 14 and a 
summary of the DFDP-2 post-drilling survey is provided in Appendix 15. 
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Figure 60 DFDP-2B completion schematic. 
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7.0 SIGNIFICANT TECHNICAL ISSUES ENCOUNTERED 

7.1 HIGH BOREHOLE TEMPERATURES 

Temperatures encountered in DFDP-2B were much higher than predicted, with two 
significant implications: (1) Logging tools and observatory components were not rated to 
such high temperatures; and (2) well head safety during and after drilling was a concern.  

Planning for DFDP-2 incorporated a thermal model based on published analyses of the 
Southern Alps and results from DFDP-1, where a geothermal gradient of 63°C/km was 
determined. It was considered likely, based on finite-element models, that the geothermal 
gradient would be lower within the footwall. Therefore, our pre-drill predicted bottom-hole 
temperature was in the range 80 – 100°C at 1300 m depth. 

Even while drilling DFDP-2A in the sedimentary sequence it became evident that 
temperatures downhole were increasing at a faster rate than anticipated. Artesian flow 
occurred from DFDP-2B on 10 October 2014 from a depth of 236.6 m at a rate of 5 l/s and a 
temperature of 43°C. Samples of this water was collected for chemical and isotopic analysis, 
and alkalinity titrations were completed onsite following the fluid sampling protocol (Appendix 
10). 

Wireline logging during breaks in drilling schist confirmed a high geothermal gradient, which 
posed immediate problems because most logging tools had 70 – 80°C maximum 
temperature ratings. By logging downwards as swiftly as possible following circulation, it was 
nevertheless possible to acquire high-quality data with most tools to the maximum depth 
drilled of 893 m. Additionally, a high-temperature acoustic televiewer tool was mobilized from 
Luxembourg in November to ensure imagery data could be collected as deep as possible.  

Following the decision to stop rotary drilling and set casing after entering the mylonite zone, 
a stainless steel-armoured multistrand optical fibre was installed behind casing to 893 m. 
This fibre can be used for both temperature and longitudinal strain measurements (at seismic 
rates) by observing the amplitude and phase, respectively, of Raman scattering. 
Temperature measurements were first made in January 2015 and have since been repeated.  

Figure 61 summarizes the temperature measurements acquired with the logging tools and 
using the optical fibre once drilling had ended. The differences between the different curves 
relate to the different times during and following the drilling at which the measurements were 
acquired.  

Based on our logging data, we predicted bottom-hole temperatures significantly in excess of 
100°C, and we took advice from Lindsay Fooks (and others). The relevant document to 
consider is NZS2403:1991 “Code of practice for deep geothermal wells”. We confirmed that 
our drilling plan, which included an “Anchor casing” at <900 m depth and full pressure control 
beneath that depth was safe. 

Our decision to reduce to PWT casing at 893 m and install the fibre-optic cable in adjacent 
BQ casing was partly to address the concern that it was not rated to temperatures expected 
at depths >900 m. 
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Figure 61 Temperature profiles in DFDP-2 measured during multiple wireline logging runs (red curves) and 
post-drilling distributed temperature sensing (DTS; black curves). Individual DTS acquisitions (grey curves) are 
largely obscured by the black curves representing the mean measurements.  

7.2 BOREHOLE GEOMETRY AND SHAPE  

Borehole geometry was a significant concern at the start of the experiment, because: (1) if 
the borehole deviated away from the fault then the fault intersection would be deeper than 
our ability to drill; and (2) if the borehole deviated with a high radius of curvature then fatigue 
of threaded joints in casing or drill pipe could cause technical failures. 

Regional mapping reveals that the schist and mylonite rock fabric dips moderately southeast. 
Most drillers agreed that this would likely cause deviation towards the northwest, though 
some raised the possibility that it could cause deviation towards the southeast along softer 
zones. 

At depths below ~300 m, DFDP-2 was observed in successive televiewer runs to be 
deviating towards the NW (Figures 62 – 65). The deviation increased systematically to a 
maximum of 44°, with the azimuth of deviation rapidly converging on 318° magnetic, or 340° 
geographic. Analysis of fractures and foliation planes identified in the televiewer imagery 
below 264 m (i.e. in the basement rocks) reveals that both sets of features dip systematically 
at 50 – 60° towards the southeast (145°; Figure 66, Figure 67), consistent with regional 
mapping.  

The borehole was observed to deviate in approximately the average up-dip direction, or 
slightly (10 – 30°) north (clockwise) of that direction. The slight difference in deviation 
direction from foliation up-dip direction may be a consequence of the rotation direction of the 
drill bit. The projected intersection depth of the fault was very close to the target depth, so the 
deviation was helpful. Clockwise drill rotation direction also explains why the northern lower 
side of the borehole wall was cut more cleanly (and was better imaged with the televiewer) 
and was less enlarged than the southern upper side, because the drill bit was trying to bite, 
cut, and climb up the northern side.  

The radius of curvature of the borehole was remarkably constant, even though seven BHA 
configurations were used. The radius of curvature is less (<50%) of the rated value for typical 
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drill pipes, however, it is still a concern for long-term fatigue of joints during drilling and it 
caused high wear on stabilisers during drilling. 

 
Figure 62 Borehole shape and diameter below the 254 mm (10 in) casing, 264 - 893 m.  From left to right: 
Measured depth; borehole deviation (Tilt, Azimuth); Travel-time BHTV log statically normalised ; Borehole cross-
sections stacked per interval of 100 m and 50 m (99 scans per intervals); Caliper: drill bit and casing sizes (black), 
mechanical 3-arm caliper (blue), caliper derived from the BHTV logs (purple) and caliper derived from the BHTV 
logs with >75% of the samples per depth used for circle-fitting, providing higher confidence (green) ; image quality 
ranking of the BHTV log (preliminary interpretation) ; number of points fitted by the circle-fitting algorithm for the 
BHTV log derived caliper (maximum of 288 points per depth).  
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Figure 63 Zoomed view of the right-hand side of the previous Figure. Borehole diameter below the 254 mm 
(10 in) casing. From left to right: Measured depth; Caliper logs: drill bit and casing sizes (black), mechanical 3-arm 
caliper (blue), caliper derived from the BHTV logs (purple) and caliper derived from the BHTV logs with >75% of 
the samples per depth used for circle-fitting, providing higher confidence (green) ; image quality ranking of the 
BHTV log (preliminary interpretation ; 5 is best quality) ; number of points fitted by the circle-fitting algorithm for 
the BHTV log-derived caliper (maximum of 288 points per depth).  
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Figure 64 Zoomed view of the left-hand side of the Figure above. Changes of borehole shapes with depth 
observed on the BHTV logs. From left to right: borehole deviation (Tilt, Azimuth); Travel-time BHTV log, statically 
normalised; Borehole cross-sections stacked per interval of 100 m and 50 m (99 scans per intervals). 
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Figure 65 Preliminary analysis of the DFDP-2B geometry showing J-shaped deviation below ~300 m. 

 
Figure 66 Orientation of the foliation planes observed on the BHTV log.  264-886m, preliminary interpretation. 
Foliation planes are overall consistently oriented 57/145 (mean dip/dip direction of 415 out of 483 features). High 
confidence foliation features in red, low confidence foliation features in blue. (a) Lower hemisphere, contoured 
stereonet of poles to planes of the foliation planes, and rose diagram. (b) Tadpole plot of the foliation features with 
depth. The location of the tadpole head indicates the dip magnitude, the tail indicates the dip direction.  
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Figure 67 Orientation of high-confidence foliation planes observed on the BHTV log between 264.4 - 886 m, 
preliminary interpretation.  Lower hemisphere, equal area, 1% Fisher contoured stereonet of poles to planes.  

7.3 THICKNESS OF SEDIMENTS ENCOUNTERED 

We did not expect such a great thickness of sediments, which we needed to drill and case 
before the main phase of drilling could start. We located the drill site on the flat surface of the 
valley for logistical reasons, but as close to the edge of the valley as we could to avoid costs 
and delays associated with drilling and casing a thick sediment sequence. Seismic-reflection 
data and gravity models from the centre of the valley reveal sediment 250 – 300 m thick. 

The DFDP-2 drill site is located on a fluvial terrace 60 m from a steep hillslope, which has 
gradients of 30 – 50 degrees. The site was too close to the hillside to image sediment 
thickness using seismic-reflection methods (low-fold at end of lines at high angle to the 
slope, side-swipe difficulties with slope-parallel lines), but gravity models and slope projection 
into the subsurface indicated a sediment thickness of about 60 – 80 m. We specified 100 m 
to the drillers and added 25% uncertainty i.e. planned with contingency to reach 125 m.  

We still had not reached basement rock at 125 m depth in DFDP-2A. To drill substantially 
deeper would require an extra casing of reduced (<10 inch) size, which would have 
ramifications for all deeper casings. If basement was just a few metres further then the 
technical response would be different to if it was 100 m further. We opted to core out in front 
of the existing casing, because all relevant equipment was onsite and ready to operate 
(minimal cost involved); and because the thick sediment accumulation was scientifically 
unexpected and therefore interesting. We quickly advanced the hole (open-hole with PDC 
‘Stratapax’ bit; but some of the hole was cored with a PQ3 bit) to 200 m depth. The question 
was answered: it seemed like our estimate of sediment thickness in the centre of the valley 
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(c. 250 m) was appropriate at this site too; but how this is geologically possible remains an 
outstanding scientific question.  

We started a new borehole, DFDP-2B, with greater contingency to c. 300 m (worst case 
based on strata imaged using seismic-reflection towards the centre of the valley). We 
intersected basement at 240 m. Time was taken, but the cost of drilling and casing sediment 
is similar or less than drilling solid rock, so the total increase in budget was only modest (c. 
NZ$100k of drilling costs). The result was unexpected by everyone and the sediment 
sequence is scientifically significant.  

7.4 WINCH ROPE FAILURE: LOST BHA 

On 24 October 2014, a wire rope broke that was holding the weight of the BHA that was 
being assembled. This was a serious near-miss (safety), which was reported through 
relevant channels, and resulted in a long delay in drilling while attempts to recover the lost 
BHA were undertaken. The event also damaged BHA components, with downstream 
implications during the experiment. 

A report was commissioned from an independent engineer from Nelson (Appendix 12), to 
establish the cause of the accident, and to ensure that the rig was repaired appropriately and 
safe for future use. The winch was being operated within its rated and certified Safe Working 
Load. However, the rig manufacturer had incorrectly fitted the wrong wire and falsely certified 
it; and the winch had then been incorrectly API certified by an independent Singapore-based 
company. 

All BHA components were inspected and dye tested by an independent engineer from 
Greymouth after they were recovered. 

7.5 BROKEN PIN THREAD ON CROSS-OVER: LOST BHA 

Early on the morning of 12 November 2014, drilling was halted after several hours of very 
slow drilling. When the BHA was removed from the hole it was found that the bottom 7.5 m of 
the assembly and the drill bit were missing. Inspection of the drill collar revealed that the 
thread had broken (Figures 68 – 70). (See Appendix 14 for further comment.) 

 
Figure 68 Crossover (left) with stripped thread and a broken fragment inside. It should look like the male 
thread on the right. 
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Figure 69 Worn stabilizer. 

 
Figure 70 Close-up of stripped thread and broken pin fragment still engaged. 

7.6 CASING FAILURE AND LOSS OF HOLE 

Supporting analysis and information is provided in Appendix 13 of this report. Below is a 
summary of conclusions that were discussed and arrived at during a two-day post-drilling 
technical workshop on 18-19 March 2015 (Appendix 14). There was a consensus among the 
8 people at the workshop that conclusions below are robust. 
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PWT casing was installed into the DFDP-2B borehole on 10/12/2014. The casing string failed 
at 11:42 am on the second joint down of the 51st 9 m section added, but the failure went 
unnoticed. This left 105 m connected to the surface and 462.6 m on the bottom of the hole. 
Remaining casing was added, leaving the base of the upper casing at 436.0 m depth (all 
depths relative to rig table) and the top of the lower casing at 439.6 m.  

The failure resulted in only a subtle change in load (reduction from 2.5 to 2.2 ton), and for 
this reason was not noticed until cement was pumped. The cessation of mud displacement 
during casing advance was noticed at the time of failure, but ascribed by the driller to be a 
result of float shoe failure and no action was taken. It is unlikely that the float shoe failed, as 
initially suggested by the driller to explain cessation of mud displacement (see Appendix 13). 
We had no protocol in place to stop operations and review data when that observation was 
made, but we should have had such a protocol. 

The failure was identified during the cementing operation, when cement pressures and 
volumes did not behave as predicted. Cement was flushed from the hole, but cement was 
left, causing both casings to become stuck. 

The PWT casing strings are determined to be severely misaligned. The depth to the base of 
the upper section is confirmed by coring and wireline logging. The lower casing top is 
inferred. HWT casing could advance through the upper PWT section, but does not even 
touch the lower PWT. Wireline logging and coring confirm the upper PWT is aligned with the 
annulus of the lower PWT. The BQ pipe with fibre optic cable is functioning and likely 
(unconfirmed) within the lower PWT section.  

The design weight of the completed PWT string full of cement in a hole topped up with mud 
was 23.2 ton. According to the manufacturer’s specification, the yield strength of the casing 
was 40 ton. The rig data and drillers’ observations lead to a compelling conclusion that failure 
of the PWT string occurred at the second thread down within the 51st 9 m casing section 
during installation. It parted under a load of only 2.3 ton at the joint. It remains unclear how 
this thread could have failed at such a low load at a joint that was manually made-up to start 
with (inspected and could not be misthreaded, and could not be damaged by the rod handler 
because it was within a section). It seems most likely that there was an invisible metallurgical 
fault at the faulty joint. 



 

 

114 GNS Science Report 2015/50 
 

8.0 SUMMARY AND CONCLUSIONS 

The DFDP-2 drilling experiment was much longer and more technically complex than a 
typical geoscience experiment. The main phase of operations took place between August 
2014 and January 2015 (145 days) and involved 89 scientists and science technical staff 
(does not include drillers or contractors). 

DFDP-2 drilling did not achieve all of its technical goals and was halted at a depth of 893 m. 
However, many and diverse data were collected that confirm some predictions and reveal 
new and exciting discoveries. There were no injuries or environmental damage events. 

A thicker than predicted Quaternary sediment section was encountered. Drilling has sampled 
a rapidly deposited glaciolacustrine sequence, overlain by deltaic sands and alluvial gravels. 
These indicate the presence of a large pro-glacial lake and will provide a record of geological 
history during Holocene glacial retreat up Whataroa Valley as well as effects of Alpine Fault 
uplift and shaking on the landscape. 

Basement rock types encountered were close to those predicted from regional mapping: a 
moderately-dipping strongly-foliated sequence that transitioned from schist to protomylonite 
to mylonite downhole in much the way that had been predicted. It is estimated from quartz 
mylonitic grain sizes that the fault PSZ intersection was within 100 – 200 m at 893 m depth. 
This includes our target penetration depth of 1000 m within the uncertainty. 

Fluid pressures encountered were close to those predicted from models of topographically-
forced flow through a fractured rock mass. The fluid pressure results indicate that the 
hanging-wall of the Alpine Fault at the drill site is moderately over-pressured with an 
approximate gradient that is 8 – 10% above hydrostatic. 

A geothermal gradient of up to 150°C/km was discovered – a truly remarkable result with 
widespread ramifications. One significant implication is that the DFDP-2 site may actually 
allow DFDP-3 objectives to be achieved: we may be able to drill into the fault at depths as 
shallow as 1.0 to 1.5 km at this site at temperatures characteristic of the middle crust i.e. 
below the rheologically-important illite-smectite transition.  
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APPENDIX 1: DFDP-2 SCIENCE POLICY (27 NOVEMBER 2014) 

A1.1 KEY POINTS 

Our overall aim is to make a significant contribution to science. 

• Results should be published in a timely and collaborative manner. 

• Work on shared datasets will take precedence over individual interests, but both may 
continue in parallel.  

• Authorship of publications will be based on standard criteria (Vancouver Protocol). 

• The PIs must be consulted at an early stage during manuscript preparation. 

• The PIs reserve the right to direct and arbitrate on all matters of sample distribution and 
authorship, and will base decisions on the principle of fair and equitable recognition of 
individual researcher’s contributions.  

• Allocation of samples and data for analysis during the Operational Period will be 
determined at the DFDP-2 Post-Drilling Meeting (tentatively January 2015), and will be 
strongly influenced by contributions that researchers have already made on-site. 

• Allocation of samples and data during the Moratorium Period will be determined at the 
DFDP-2 Science Workshop in November 2015.  

A1.2 SCIENCE TEAM 

The Principal Investigators (PIs) provide overall leadership of the project and appoint the 
Science Team. The Science Team consists of researchers who participate on-site or off-site 
in the collection, description, documentation, and joint publication of key observations during 
the Operational Period and the Moratorium Period of the project, defined below.  

The PIs reserve the right to adjudicate on all matters related to membership of the 
Science Team, entitlement to samples or data, and publication authorship during the 
Operational and Moratorium Periods. 

Membership of the Science Team implies agreement with the DFDP-2 Science Team 
Responsibilities, the DFDP-2 Publication Code of Conduct, and the DFDP-2 Sample and 
Data Policy described below.  

Subteam Leaders are appointed by the PIs to help coordinate operations and research 
undertaken by thematic Subteams. Each member of the Science Team is associated with 
one or more Subteam/s.  

A1.3  PROJECT SCHEDULE 

The Operational Period spans the time from the start of on-site operations in July 2014 until 
the DFDP-2 Science Workshop, 16–20 November 2015 (Dunedin, New Zealand).  

The PIs and Subteam Leaders will coordinate the collection, description, and documentation 
of samples and data during the Operational Period to ensure that: 

a. Relevant measurements are acquired;  
b. Ephemeral properties are measured before destructive measurements are made; 

and  
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c. Unintentional repetition of the same measurement is avoided. 

The resulting Shared Dataset comprises the measurements collected by the Science Team 
during the Operational Period. 

The Moratorium Period extends from the November 2015 DFDP-2 Science Workshop until 
the end of December 2017. 

A1.4 SCIENCE TEAM RESPONSIBILITIES 

The primary responsibilities of the Science Team are to: 
1. Contribute, if appropriate, to an Immediate Report on drilling and associated 

activities; 
2. Produce a Shared Dataset and publications that document these observations 

and analyses undertaken during the Operational Period; 
3. Produce an Operational Report documenting the Shared Dataset, before the 

DFDP-2 Science Workshop in November 2015; 
4. Facilitate distribution of samples and data within the Science Team during the 

Operational and Moratorium Periods; 
5. Identify and help publish keynote integrative papers with inclusive author lists;  
6. Facilitate publications by Subteams and the sharing of pre-publication results;  
7. Meet deadlines agreed to with the PIs; 
8. Practice collaborative and inclusive behavior; and 
9. Adhere to the DFDP-2 Publication Code of Conduct. 

A1.5 DFDP-2 PUBLICATION CODE OF CONDUCT 

Science Team members have an obligation to disseminate scientific results to other 
members of the Science Team and to the broader community by way of peer-reviewed 
publications.  

Underlying the DFDP-2 Publication Code of Conduct is the need to fairly and equitably 
recognize researchers’ contributions to the project. Of particular importance are 
contributions on-site and in the collection of shared datasets. 

Intellectual property generated from DFDP-2 samples or data during the Operational and 
Moratorium Periods is not owned by individual science team members, and the PIs reserve 
the right to prioritize Science Team goals over individuals’ goals. 

Authors of publications stemming from DFDP-2 must satisfy ALL of the following criteria for 
scientific authorship (the “Vancouver Protocol”): 
1. Significant contribution to the conception or design of the work; or the acquisition, 

analysis, or interpretation of data; AND 
2. Drafting the work or revising it for intellectual content; AND 
3. Final approval of the version to be published.  

Lead authors must give co-authors reasonable opportunity to satisfy these criteria, but must 
remove them from the author list if they do not comply. Co-authors should remove 
themselves from the author list if they cannot or choose not to comply with authorship 
criteria. 
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Participation in data or sample acquisition on-site constitutes a significant contribution (first 
criterion), but the other criteria must also be met to qualify as an author. 

The PIs recognize that the second criterion is open to interpretation and requires the 
specification of minimum requirements: lead authors must send reviewer and editor 
comments to all co-authors and give them reasonable time to respond; and every co-author 
must read and comment on at least one version of the draft manuscript. 

During the Operational Period, the acquisition and interpretation of the Shared Dataset takes 
precedence over individual research. All members of the Science Team who meet the 
authorship criteria above will be invited to be authors of keynote manuscripts 
submitted for publication during the Operational Period. 

Decisions on which members of the Science Team lead what research during the 
Moratorium Period will be finalized during the November 2015 Science Meeting. The PIs, all 
members of relevant Subteams, and any other Science Team members who meet the 
authorship criteria above will be invited to be authors of publications arising from 
research conducted during the Operational and Moratorium periods.  

Authorship of publications based on post-moratorium research should be determined 
according to normal scientific practice. Science Team members should be invited to be co-
authors whenever unpublished ideas, data, or analyses are included, and to appropriately 
recognize the substantial work required to collect and document samples and data.  

The PIs must be consulted before submission of all publications arising from the 
DFDP-2 project, and reserve the right to arbitrate on any issues of publication 
authorship that may arise within the Science Team. The PIs may require that any 
researcher (even if not a member of the Science Team) be included as a co-author in a 
publication that uses DFDP-2 samples or observations if that person is deemed to have met 
the authorship criteria above. 

The PIs recognize that graduate students and postdocs need to publish papers arising from 
DFDP-2 as lead author and in a timely manner to develop their research portfolios. 
Moreover, the PIs encourage those Science Team members, with advice from advisors, to 
champion and lead specific research during the Operational and Moratorium Periods, subject 
to involving other members of the Science Team in the research and the authorship of all 
papers on the same grounds as for all other publications. The PIs strongly encourage all 
graduate students and postdocs to discuss their interests and plans for research 
during the Operational Period with other members of the Science Team while on-site 
in Whataroa. 

Conference presentations during the Operational and Moratorium Periods must be made in 
consultation with relevant members of the lead author’s Subteam, based on the same 
authorship principles as publications, and with the PIs’ approval. 

In summary, (1) all publications submitted during the Operational Period will involve all 
members of the Science Team meeting the authorship criteria; (2) all later publications 
arising from work undertaken during the Observational or Moratorium periods will involve 
subsets of the Science Team, subject to all authors meeting the authorship criteria; and (3) 
the authorship of publications arising from work undertaken after the Moratorium Period 
should be based on normal scientific practice and may involve others, but should still include 
relevant Science Team members.  
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A1.6 DFDP-2 SAMPLE AND DATA POLICY 

The Science Team’s collective focus during the Operational Period is on the creation, 
description, and documentation of a Shared Dataset consisting of fundamental observations 
and analytical results. The specific details of the Shared Dataset will be refined while drilling 
and related activities are underway, and confirmed at the DFDP-2 Post-Drilling Meeting, 
which will be within three months of the end of drilling.  

Based on the agreed scope of the Shared Dataset, sample/data requests will be called for 
during the DFDP-2 Post-Drilling Meeting. Any requests should contain sufficient information 
for the PIs and Subteam Leaders to assess whether all requests are necessary, use the 
requests to identify overlaps or gaps, prioritize the allocation of samples, and plan how to 
coordinate successive measurements on common samples. 

The Operational Period sampling party will commence following this sample request/approval 
period. All Science Team members should plan to participate in the Post-Drilling 
Meeting and the sampling party. 

Individuals’ or groups’ requests for samples or data not intended to be part of the Shared 
Dataset may also be submitted during the DFDP-2 Post-Drilling Meeting. These will be 
assessed by the PIs in consultation with the Subteam Leaders and prioritized on the basis of 
previous contributions during the Operational Period and to acquisition of the Shared 
Dataset. Not all requests will necessarily be approved. Publication of these datasets will 
not occur until after the Operational Period and will be at the discretion of the PIs. 

The Shared Dataset will serve as the basis for publications during the Operational and the 
Moratorium Periods, enabling all scientists involved in acquiring the Shared Dataset and 
meeting the authorship criteria to contribute to a large number of papers. 

Sample requests for Moratorium Period research will be solicited before the November 2015 
DFDP-2 Science Workshop. These will be assessed by the PIs and discussed with the 
Science Team during the Science Workshop, and sampling will be undertaken by workshop 
participants. All Science Team members should plan to attend the Science Workshop. 
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APPENDIX 2: REPORT OF THE SAFETY REVIEW COMMITTEE FOR THE DEEP 
FAULT DRILLING PROJECT (13 MAY 2014) 

The material in this section is copied from the Word file received from Committee Chair Dr 
Bill Ellsworth on 13 May 2014. Some reformatting has been undertaken for consistency with 
the rest of this document. 

A2.1 EXECUTIVE SUMMARY 

The Safety Review Committee for the Deep Fault Drilling Project (DFDP) met with the project 
Principal Investigators in Wellington on April 3-4, 2014 to examine the potential effects of the 
planned DFDP-2 project on Alpine Fault Safety.  Based upon documents given to the 
Committee and extensive discussions with the Principal Investigators and their drilling 
engineer, we conclude the following: 
1. Drilling as planned will have no significant effect on Alpine Fault Seismic hazard. 
2. Geological and geophysical studies already completed to characterize the drill 

site and surrounding environment are sufficient and appropriate to guide the 
drilling. 

3. The drilling plan provides an adequate margin of safety assuming that the 
geology encountered in the hole conforms to the pre-drilling geologic model. 

4. Response protocols including the proposed traffic light (“Go, Caution, Stop”) for 
managing departures from anticipated conditions are in principle adequate but 
need to be finalized. 

5. The proposed real-time earthquake and gas monitoring systems are essential for 
the operation of the traffic light system and need to be tested and fully functional 
during all field operations. 

6. The decision process for resuming drilling following Caution or Stop needs to be 
clearly defined in the operational plan, including clearly understood rules and 
responsibilities for all those involved in the operation. 

7. Drilling through the fault and into the footwall is literally drilling into unknown 
territory, and consequently the Principal Investigators are encouraged to consider 
the consequences of encountering unanticipated geologic conditions that could 
be present, albeit unlikely, and discuss them with the drilling engineers and 
driller. 

8. DFDP-2 will in all likelihood be a high-profile project and as a consequence all 
project participants are encouraged to use public interest as an educational 
opportunity to promote earthquake risk reduction activities not only in Westland, 
but throughout the country. 

9. The chain of command for the project needs to be clearly defined, particularly for 
how important decisions will be made on short notice, as inevitably arise in 
drilling projects.   

10. A Communications Plan that provides information on the project and addresses 
anticipated questions and concerns from the public (FAQs) is highly 
recommended. 
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A2.2 INTRODUCTION 

The Deep Fault Drilling Project (DFDP) is an international scientific experiment to understand 
the structure, evolution and earthquake physics of the Alpine Fault.  The Alpine Fault extends 
for more than 400 km along the west coast of the South Island where it forms a major 
segment of the plate boundary between the Pacific and the Australian Plates.  Geological 
studies show that the fault ruptures in large earthquakes every 330±70 years.  The last major 
earthquake on the fault occurred nearly 300 years ago in 1717.  Consequently, the fault is 
considered to be late in its seismic cycle of slow strain accumulation and rapid release in an 
earthquake.  The likelihood of a major earthquake in the next 50 years has been estimated to 
be about 30 percent.   

A first phase of drilling to a depth of 150 m was completed in 2011 (DFDP-1).  A second 
phase of drilling aims to intersect the fault at a depth of about 1100 m and is planned for the 
austral spring of 2014 (DFDP-2).  An international team of investigators led by Principal 
Investigators Dr. Rupert Sutherland (GNS Science), Dr. John Townend (Victoria University of 
Wellington) and Dr. Virginia Toy (University of Otago) will carry-out the experiment. 

In light of the recent Canterbury earthquake sequence, Cook Strait and lower North Island 
earthquakes as well as discussion of fracking for oil and shale gas, there is likely to be a high 
level of public interest in the DFDP-2 project, and hence public awareness about the effect of 
drilling on future Alpine Fault earthquakes. It is likely that questions will be asked about the 
risks associated with the DFDP-2 project. When a large earthquake occurs in the future, the 
public may well ask whether the DFDP-2 experiment in any way contributed to its 
occurrence.   

The purpose of this Safety Review was to examine the potential effect of the DFDP-2 project 
on the Alpine Fault by addressed the following questions: 
1. Will the drilling, as planned, have a significant effect on Alpine Fault seismic 

hazard? Review technical plans and operational procedures.  
2. Are the geophysical baseline data, monitoring, and response protocols 

appropriate? Review protocols for responding to microseismicity induced by 
operations.  

3. Can modifications be made to the operational procedures that further reduce any 
effect of drilling on the Alpine Fault? Recommend further studies or actions to 
address actual or perceived safety concerns.  

An international committee of scientists and engineers (the Safety Review Committee) was 
convened by the Principal Investigators on April 3-4, 2014 at Victoria University of 
Wellington.  The Safety Review Committee was comprised of: 

Dr. William. Ellsworth, Senior Research Geophysicist, United States Geological Survey 
(Chair)  
Dr. Richard Sibson, Professor Emeritus of Geology, University of Otago (Deputy Chair)  
Dr. Kelvin Berryman, Director, Natural Hazards Research Platform, GNS Science  
Mr. Lindsay Fooks, Director, Geothermal Associates NZ Ltd.  
Dr. Geoff Hicks, Chief Scientist, Department of Conservation  
Dr. Warner Marzocchi, Chief Scientist, Istituto Nazionale di Geofisica e Vulcanologia  
Dr. Richard Smith, Manager (Science and Education), Earthquake Commission  
Dr. Eric van Oort, Professor of Petroleum and Geosystems Engineering, University of Texas  
Dr. Smith was only able to attend the second day due to other commitments.  Neither Dr. 
Marzocchi nor Professor van Oort attended the meeting, but both contributed to the report. 
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During the course of the 2-day review, the Committee received extensive briefings on the 
Alpine Fault and associated earthquake hazards, the seismicity of the DFDP-2 site, drilling-
related earthquake hazards, and an overview of the DFDP-2 project plan from the PIs.  The 
Committee also received a detailed report on the technical drilling plan and potential drilling-
related hazards from Mr. Alex Pine (drilling engineer, Victoria University). Extensive 
discussions were held with all participants on the operational procedures and risk 
management plan for the project. 

A2.3 FINDINGS 

1. Will the drilling, as planned, have a significant effect on Alpine Fault seismic 
hazard? 

To answer this question it is necessary to review why earthquakes occur, how they initiate 
and how drilling activities could potentially influence their occurrence. 

Why do Earthquakes Occur? 

Earthquakes (the shaking of the ground) are the result of rapid displacement along a fault.  
The displacement of the fault in an earthquake is driven by the release of elastic energy 
stored in the Earth in a volume surrounding the fault.  The energy accumulates very slowly, 
as a consequence of the tectonic movement of the Earth’s crust.  In the case of the Alpine 
Fault, the accumulation period lasts for centuries before release in a large magnitude 
earthquake that lasts for a few 10s of seconds.  For large magnitude earthquakes, such as 
will someday occur when the Alpine Fault ruptures, the energy release comes from a broad 
region measuring 10 km or more to either side of the fault.  Along the Alpine Fault, as with all 
other major faults, this elastic energy is not fond at the Earth’s surface, but resides deep 
underground, primarily between several km depth and as much as 20 km below the surface. 

In order to initiate (nucleate) an earthquake the shear stress acting on the fault must locally 
exceed the frictional strength at the point of nucleation (hypocenter).  The rupture will stop 
unless the elastic strain energy available to extend the rupture is large enough to overcome 
the frictional strength of the fault.  The area of the fault that participates in the rupture 
controls the magnitude of the earthquake and hence the hazard posed by the shaking.  
Earthquakes in New Zealand do not generally pose a hazard unless the magnitude is 5 or 
larger.  For a magnitude 5 earthquake the rupture area is approximately 10 km2 
corresponding to a linear dimension of about 3 km.  A magnitude 3 earthquake has a rupture 
area and linear dimension of about 0.1 km2 and 300 m, respectively, and a magnitude 1 
earthquake has a rupture area and linear dimension of about 1000 m2 and 30 m. 

The presence of a small number of microearthquakes (magnitudes less than 3) in the vicinity 
of the drill site by itself is not remarkable, as the Alpine Fault has been slowly accumulating 
elastic strain energy since the last major earthquake about 3 centuries ago.  These 
microearthquakes show that stresses are sufficient to initiate rupture at a limited number of 
locations on or near the fault.  Their low magnitudes show that these high stress regions are 
small, as the ruptures die out within a few tens of meters of the hypocenter.  

A high state of shear stress by itself is not sufficient to initiate an earthquake.  When stresses 
reach the strength limit, the fault may move slowly, releasing the store strain energy without 
producing earthquake shaking.  It is known from global studies of earthquake depths and 
rheological studies of crustal rocks that earthquake hypocenters occur over a limited depth 
range, typically between 2 and up to 20 km depth in continental crust.  The depth range of 
earthquake hypocenters on or near the Alpine Fault conforms to these limits, with very few 
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earthquakes occurring at depths shallower than 4 km and none detected near the drill site at 
depths shallower than 2 km. 

Will drilling into the Alpine Fault have any effect? 

For the drilling to have a significant effect on Alpine Fault seismic hazard, it would be 
necessary for the drilling operations to modify the stability of the fault in such a way as to 
nucleate an rupture of the fault that would grow to a size of several kilometers or more.  
Smaller ruptures would not produce earthquake shaking strong enough to present a hazard 
at the surface. The drill hole itself will modify the shear stresses within at most a few meters 
of the hole making an earthquake of even magnitude 1 (linear dimension of about 30 metres) 
very unlikely to be induced.  This is because the relatively shallow depth of drilling, with an 
anticipated intersection with the fault at a depth of 0.8 and 1.2 km, makes the potential for 
nucleating an earthquake extremely remote. The depth of drilling is well above the minimum 
depth observed for nucleation of earthquakes on the Alpine Fault, which is in good 
agreement with minimum depth observed in similar tectonic settings elsewhere.  We note, in 
addition, that earthquakes with magnitudes 5 and larger tend to nucleate at greater depth. 

The Committee considered a scenario in which drilling operations could potentially lead to 
the nucleation of an earthquake.  As mentioned above, an earthquake rupture will begin 
when the shear stresses acting on the fault exceeds the frictional strength.  The frictional 
strength is the product of the coefficient of friction times the effective normal stress.  The 
effective normal stress is simply the stress clamping the fault shut (acting perpendicular to its 
surface) minus the pore fluid pressure.  It has long been known that earthquakes can be 
induced by increasing the pore fluid pressure.  Very small earthquakes are routinely induced 
on small faults and fractures by raising the pore fluid pressure during hydraulic fracturing 
treatments (“fracking”) when used to enhance the permeability of shales and other rocks to 
stimulate the recovery of oil and gas. 

Hundreds of thousands of hydraulic fracturing treatments are performed every year in the 
petroleum industry at depths comparable to the DFDP-2 drilling depth.  These treatments 
produce millions of ultramicroearthquakes (magnitudes below 0).  None, however, has 
produced earthquakes as large as magnitude 2 at a comparable depth to the planned depth 
of DFDP-2.   This mechanism of initiating failure by elevating the pore pressure is further 
unlikely to occur in DFDP-2 for three additional reasons.  First, the fluid pressures will not 
approach those needed to bring the rock to failure.  Second, the volumes of fluid that could 
invade the fault are very small (a few m3) compared to several thousand m3 injected during 
hydraulic fracturing. Thirdly, the anticipated drilling depth of 1.2 km is much shallower than 
the depth where a large earthquake is likely to begin (below 4 km to as deep as 20 km). 

Based upon the above considerations, the Committee concludes that drilling as planned will 
have no significant effect on Alpine Fault Seismic hazard. 
2. Are the geophysical baseline data, monitoring, and response protocols 

appropriate? 

The Committee was provided with extensive documentation on geological and geophysical 
studies undertaken to characterize the drill site and its surrounding environment.  These 
studies, together with results from the shallow drilling in DFDP-1 provide a predictive model 
for conditions to be encountered during drilling for DFDP-2.  As with any pre-drilling 
geological and geophysical model of the subsurface, it is subject to revision by the facts that 
emerge during drilling, and provisions in the drilling plan need to consider contingencies.   
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During drilling, it is necessary to control the weight of the fluid column in the borehole, the 
“mud weight” so that it is high enough to prevent formation fluid from flowing into the 
borehole in an uncontrolled manner but not so high as to hydraulically fracture the rock.  
According to the pre-drilling model, it is anticipated that the fluid pressure in the hanging wall 
section of the hole (above the fault intersection) may be higher than hydrostatic, or in other 
words slightly artesian.  This is because the rocks in the hanging wall are believed to be in 
hydraulic communication with the mountains to the east.   

Because the waters that flow out of springs in the Southern Alps are rich in dissolved CO2, 
the Committee was particularly interested in the possibility that the formation waters might 
spontaneously release  CO2 creating a well-control problem.  We received a detailed report 
on the fluid chemistry of the hanging wall from Dr. Catriona Menzies.  These fluids were the 
subject of her Ph.D. thesis done under the supervision of Dr. Simon Cox (GNS Science).  
According to her analysis, hanging wall fluids are dominated by surface waters and are 
undersaturated in CO2. Consequently, the Committee does not foresee that the CO2 content 
of the formation waters in the hanging wall present an unmanageable risk. 

Her work, as well as work by Prof. Richard Norris (University of Otago), Dr. Simon Cox and 
others indicates that the Alpine Fault is a strong barrier to fluid flow between the hanging wall 
and foot wall.  This raises the issue of pressure control in the well when the drill hole is 
advanced across the fault (Figure A2.1).  We will consider this issue in some detail in Section 
3 below. 

The response protocol presented to the Committee focused on situational awareness for 
changing underground conditions that have the potential to induce an earthquake.  It is 
understood that the driller will be responsible for all drilling safety related issues, including 
monitoring mud volume for losses or gains that are signs of fluid leaving or entering the 
borehole.  In addition, a real-time mud gas analysis system provided by the 
GeoForschungsZentrum, Potsdam, Germany will be installed and monitored by the science 
team. This sensitive gas analysis system will alert the driller and science team to any 
changes in the gas content of the formation fluids in the well before they pose a problem so 
that corrective measures can be taken.  Both of these systems when closely monitored 
should be adequate to identify potential problems before they occur.   

As discussed in Section 1, the primary earthquake hazard is inducing an earthquake due to 
increase in pore fluid pressure in the fault.  A 5-station shallow borehole seismic network has 
been installed around the drill site and will be used to monitor for any earthquake activity.  A 
“traffic light” system is proposed by the Principal Investigators to set rules for either modifying 
or stopping drilling operations if certain conditions are met.  These conditions are the 
occurrence of earthquakes within a 3 km radius about the drill hole at depths of 3 km or less.  
To date, no earthquakes have been detected in this volume and so any activity coincident 
with drilling would be considered anomalous.  Traffic light systems of similar design have 
been successfully used with other drilling experiments, although the implementation details 
depend on the local conditions and objectives. 

The DFDP-2 traffic light system sets the threshold between Go (“green”) and Caution 
(“amber”) as the occurrence of more than one earthquake with magnitude above 1.0 but 
below 3.0.  A single earthquake of magnitude 3.0 or large will cause an immediate Stop 
(“red”) to operations.  The Committee, in general, supports the use of the traffic light system 
as proposed, although additional seismological analysis of data from the borehole stations is 
needed to validate it.  The current thresholds should be revisited once the results of the 
additional analysis are in-hand, as a lower magnitude threshold for Stop should be 
considered.  In addition, the real-time analysis system is yet to be constructed and it will be 
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necessary to demonstrate that it works as required.  Both of these tasks are on the critical 
path for implementing the command structure necessary to monitor conditions during drilling 
operations.  The Committee also felt that the decision process going from Caution or Stop 
and back to Go needs to be clearly defined in the operational plan, including clearly 
understood rules and responsibilities for all those involved in the operation.  This plan is 
promised but has not as yet been reviewed by this Committee.  We strongly encourage the 
completion of this plan, with consideration given to the creation of an external expert group to 
provide advice during drilling operations should Caution or Stop occur. 

Based upon the assurances received from the Principal Investigators that the full suite of 
monitoring systems will be in-place and fully functional during all field operations, the 
Committee concluded that the geophysical baseline data, monitoring are appropriate.  The 
response protocols are in principle adequate but need to be finalized. 
3. Can modifications be made to the operational procedures that further reduce any 

effect of drilling on the Alpine Fault? 

Prior to the review meeting, a conference call was held between the Principal Investigators, 
project drilling engineer Alex Pine, committee member Prof. Eric van Oort and Dr. Stephen 
Hickman of the USGS to discuss potential drilling safety issues.  The main issue that 
emerged from these discussions was the potential for a “surface blowout” in which formation 
fluid is expelled under high pressure from the well head, or an “underground blowout” in 
which fluid flows in an uncontrolled manner between two different depth intervals in the well.   

The possibility of a surface blowout due to exsolution of CO2 or other volatiles in the 
formation waters, or due to anomalously high artesian pressure is remote, but can be 
adequately dealt with by having a blowout preventer installed on the well. 

The possibility of an underground blowout is greater, because according to the pre-drilling 
geological and geophysical model the footwall of the fault is anticipated to be underpressured 
relative to the overlying hanging wall.  Consequently the drill hole design and operational 
plan must address this possibility.  This possibility and corrective actions are discussed in 
detail in sections 7.3 through 7.6 on pages 21-23 of the document “Deep Fault Drilling 
Project (DFDP), Alpine Fault, NZ DFDP-2 Safety Review.”  They were also the subject of 
extensive discussions with Alex Pine and the Principal Investigators in the course of our 
meeting.  In the following discussion of the drilling plan, we will refer to the Phases as set 
forth in Figure 14 “Summary of geology and technical plan” on page 19 of the document 
(reproduced below as Figure A2.2). 

Phase 1 of the drilling will be done with a water well drill rig and will set a 12 inch surface 
casing to a depth of approximately 30 meters before drilling ahead to a depth of about 100 
m.  At this point a 10 inch casing will be set with the shoe cemented in place.  The water well 
rig will then be removed and the API certified top drive drill rig will be brought in for the 
remainder of the drilling.  We were told that the crew on this rig is highly experienced in 
wireline coring. 

Phase 2 will initially drill an 8 ½ inch hole with a rotary bit to a depth of approximately 800 m.  
The actual depth will depend on indications in the cuttings that the transition from schist to 
mylonite has begun.  Formation fluid pressure will likely increase with depth to where it 
exceeds the hydrostatic pressure at the surface.  Consequently, it will be necessary to 
maintain a slightly overbalanced mud weight as the hole advances.  A 7 inch inner diameter 
steel casing will be installed in the hole and cemented to the surface.  This cemented casing 
will provide the pressure seal necessary to insure the safety of drilling to the fault. 
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At this point, the rig will switch over to a wireline coring string and a short (3 – 6 m) rat hole 
will be drilled through the casing shoe at which time a leak-off test will be performed.  A 5.5 
inch outer diamteter “PWT” steel casing (external and internal flush) will be hung in the 7 inch 
casing to act as a bushing string for the core rods.  We recommend that after the rat hole is 
drilled to advance the PWT (using the diamond cutting surface at its bottom) so that it is 
resting in compression rather than hanging in tension from the surface.  This will reduce the 
possibility that it could twist off during coring.   

Coring will continue until the geology indicates that the principal slip surface of the fault is 
being approached.  The on-site geologic team will be examining the core for signs that the 
transition from ultramylonite to cataclasite is imminent.  We concur with the plan to use a 
short core barrel as soon as the transition is indicated to minimize the chance that the 
principal slip surface will be accidentally drilled through at this stage. 

At this point the core rods will be removed and wireline geophysical logs will be run in the 
open hole.  After logging, the hole will be enlarged with a reaming drill bit and the PWT run in 
to bottom.  The Committee was presented with two alternatives for how drilling will continue.  
One option is to cement the PWT string to the surface before resuming coring through the 
fault and into the footwall.  The other alternative leaves the PWT string uncemented during 
coring through the fault and into the footwall. Under this option and following completion of 
coring, the PWT string would be pulled out of the hole to permit the installation of the 
observatory in the open hole. 

The first option provides the greatest safety margin for drilling through the fault and into the 
footwall, as it isolates any potential inflow zones in the hanging wall minimizing the risk of a 
underground blowout.  The second option provides the most cost-efficient and technically-
sound plan for installing the pressure sensors, which are one of the key components of the 
observatory.  Under the second option the open hole would be filled with cement as part of 
the observatory installation procedure, which is at least as safe if not safer in the long term 
(years to decades) than cementing the PWT string before coring in the first option.  However, 
the Committee has serious doubts that the PWT can be withdrawn from the hole as planned, 
as the clearance between the reamed hole and tubing is very small.  Consequently, the 
Principal Investigators and their drilling advisors need to give very serious consideration to 
the risks and rewards associated with leaving the PWT uncemented under the second 
option.  From a safety point alone, the Committee favors the first option, but realized that 
conditions may show that the uncemented PWT is “safe enough.” 

As with many other technical decisions that will be made during the course of the project, 
there needs to be a clearly defined chain of command for the project.  Drilling is a 24 
hours/day, 7 days a week operation and someone who is authorized to make decisions, 
often on short notice, must be available and in-charge at all times.  In addition, roles and 
responsibilities for all team members in positions of authority need to be clearly defined to 
ensure accountability when either operational or science-based changes are made.  An 
organization chart defining the chain of command would usefully be part of a 
Communications Plan that also addresses the issues considered by this Committee.  This 
plan might include a description of the action plan for response to issues such as above and 
below-ground blowouts, or the plan for responding to highly unlikely incidents (flooding or 
landsliding disrupting the drill site or heavy equipment transportation route).  Many of these 
might take the form of FAQs.     

The Committee is of the opinion that the drilling plan provides an adequate margin of safety 
assuming that the geology encountered in the hole conforms to the pre-drilling geologic 
model.  Drilling through the fault and into the footwall is literally drilling into unknown territory, 



 

 

132 GNS Science Report 2015/50 
 

and consequently the Principal Investigators are encouraged to consider the consequences 
of encountering unanticipated geologic conditions that could be present, albeit unlikely, and 
discuss them with the drilling engineers and driller.   

A2.4 CONCLUDING REMARKS 

As noted in the introduction, it is likely that someone will ask about the risks involved with the 
DFDP-2 project.  As scientists and engineers, we are not in a position to evaluate the risk 
which is a value judgment and not a scientific question.  In this report we have provided our 
expert opinion on the potential impacts of the drilling on earthquake hazard (very remote) 
and recommendations for operational procedures that will ensure the safe completion of the 
project (straightforward to implement).   

There is legitimate concern about the earthquake hazard posed by the Alpine Fault.  At some 
point in the future, a significant earthquake will happen along the Alpine Fault, and it will 
happen regardless of anything that is done in the DFDP-2 project.  We cannot change the 
hazard, as it is a natural and inevitable consequence of the tectonic movement between the 
Pacific and Australian plates.  Society can take steps, however, to reduce the risk of injury 
and damage from earthquakes by heeding the lessons of past earthquakes, including 
especially the Christchurch event, and implementing well-understood and widely available 
information on earthquake risk reduction.  Public interest in the DFDP-2 project should be 
seen as an opportunity to promote earthquake risk reduction activities not only in Westland, 
but throughout the country, as all of New Zealand is exposed to earthquake hazards. 
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Figure A2.1 Schematic geologic cross section through the DFDP-2 drill site.  Geologic units expected to be 
encountered during drilling are labeled.  Hypothetical flow path for surface waters falling on the Southern Alps 
(arrows) leads to artesian pressure at depth.  Because the Alpine Fault Principal Slip Zone is a barrier to ground 
water flow, the footwall is anticipated to have lower pore pressure than the hanging-wall.  
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Figure A2.2 Reproduction of Figure 14 from document “Summary of geology and technical plan” submitted 
to the Safety Review Committee on March 26, 2014. 
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APPENDIX 3: DFDP-2 SAFETY REVIEW SUBMISSION ON FLUID 
GEOCHEMISTRY (1 APRIL 2014) 

This short report was completed before drilling by Catriona Menzies, Southampton 
University, UK. Some minor reformatting has been undertaken for consistency with the rest 
of this document. 

A3.1 WATER SOURCES 

Fluid chemistry of waters in the Southern Alps have been constrained by two complementary 
approaches. Analyses of vein minerals that precipitated from waters at depth and direct 
sampling and analyses of warm spring waters. Modern day warm springs are found along the 
plate boundary ranging between 0.4 and 16.5 km from the Alpine Fault (see Figure A3.1). 
Stable isotope analyses of these springs indicate that they are meteoric in origin (Figure 
A3.2) and the altitude of the spring correlates with δD and δ18O ratios, indicating that water 
sources are local. Analyses of fluids released from veins formed throughout the crust, even 
under ductile conditions have δD values within range of surface waters indicating that 
meteoric waters are dominant throughout the upper crust (Menzies et al., submitted). 

 
Figure A3.1 Map of South Island, New Zealand showing the locations of warm springs along the Pacifc-
Australian Plate Boundary.  Those numbered have been sampled in this study. Numbers and 8 are closest to 
DFDP2 drillsite. Numbers are as follows: 1: Welcome Flat and Bivouac; 2: Fox; 3: Butler Junction; 4: Scone Hut; 
5: Hot Springs Flat; 6: Smythe Hut; 7: Amythest; 8: Morgan's Gorge; 9: Mungo; 10: Wren Creek; 11: Julia Hut; 12: 
Otira; 13: Deception; 14: Haupiri; 15: Horseshoe Flat; 16: Hanmer; 17: Sylvia; 18: Maruia; 19: Red Hills; 20: 
Cascade. Numbers 19 and 20 are hosted in ultramafic rocks. From Menzies (2012).  
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Figure A3.2 δD versus δ18O of spring waters from the central Southern Alps. Springs plot near the Global 
Meteoric Water Line (GMWL) and the New Zealand Meteoric Water Line (NZMWL). From Menzies (2012)  

A3.1.1 Expected CO2 concentrations 

 
Figure A3.3 Warm springs and surface waters from the central section of the Southern Alps near DFDP2. 
Spring waters are dominated by HCO3 and have lower SO4 than surface waters. From Menzies (2012). 

Warm springs in the Southern Alps are classified as bicarbonate dominated waters (Figure 
A3.3) and the concentration of CO2 varies between 0.0009 to 0.02 mol/L (Menzies, 2012, see 
also Barnes, 1978; Reyes et al., 2010). Fox spring is ~40 km south west of the DFDP2 site 
(but at a similar distance from the Alpine Fault), and has the highest dissolved CO2 content 
(0.02 mol/L). The spring waters were sampled at 32.9°C and they had lost some CO2 as they 
rose to the surface, evidenced by bubbles rising in the vent pool. Fox spring is 
undersaturated with CO2 (saturation index = -0.7, where 0 is saturated). To estimate the 
maximum proportion of CO2 in similar fluids that may be encountered during drilling 
thermodynamic calculations have been performed in PHREEQC. The Fox spring fluid 
chemistry as measured at the surface was theoretically heated to 150 °C and CO2 was set at 
saturation point (Figure A3.4). Results indicate that saturated solutions at ~34 °C would 
contain 0.046 mol/L CO2, but saturated solutions at 60 °C would contain only 0.035 mol/L 
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and at 150 °C only 0.027 mol/L. These calculations do not involve pressure changes with 
depth. 

 
Figure A3.4 Results of thermodynamic calculations performed in PHREEQC on Fox spring waters. 
Theoretical CO2 concentrations in Fox spring if solutions were saturated (blue diamonds) compared with the 
concentration of CO2 in spring water samples (red square).  

If a CO2 saturated solution at ~34°C was completely degassed at atmospheric pressure it 
would yield ~1 L of gas per litre of water. However, since the spring fluids at ~33 °C contain 
0.02 mol/L CO2 which is stable at atmospheric pressure, it is unlikely that such a solution 
would completely degas. Therefore, at most ~0.02 mol/L CO2 would be lost from solution, 
which is equivalent to ~0.49 L per litre of water as an upper limit. 

A3.1.2 Fluid Chemistry at depth 

Geothermometry of local warm spring waters indicate that they equilibrated with host rocks 
between 65 and 164 °C. Amythest spring is ~20 km north east of DFDP2, and it reaches 124 
°C at depth. Veins formed at shallow depths in the crust (~2 km) have similar chemistries as 
these local warm springs (Figure A3.5). 

 
Figure A3.5 Stable isotope ratios of warm spring waters and fluids in equilibrium with vein minerals in the 
Southern Alps. Warm spring waters have similar, meteoric-like signatures as low temperature veins in the Alpine 
Fault zone. From Menzies (2012).  

Fluids at deeper levels in the crust are more evolved due to greater fluid-rock interaction at 
higher temperatures. Oxygen isotopes of these fluids are higher than surface fluids and rare 
earth elements become fractionated where La/Lu decreases as fluid-rock interaction 
continues (Figure A3.6). This indicates that fluids at depth are genetically related to warm 
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springs sampled at the surface and there is no evidence for mixing with metamorphic or 
magmatic fluids at depth. 

 
 

Figure A3.6 Rare earth element ratios of fluids in equilibrium with hydrothermal calcite veins and warm 
spring and surface waters. Greater fluid-rock interaction results in lower δ18O and La/Lu ratios indicating that 
fluids evolved as they flowed through the crust and no exotic water source is required. From (Menzies, 2012).  

A3.1.3 Fluid Flow Paths 

Alpine schists that compose the hangingwall of the Alpine Fault have different strontium 
isotope signatures (0.7043 to 0.7144, Horton et al., 2003 and Menzies, 2012) from 
Greenland Group metasediments (0.7239 to 1.001, Adams, 2004) and Cretaceous intrusions 
(0.7074 to 0.7200, Pickett and Wasserburg, 1989) in the footwall. As hydrothermal fluids flow 
through the crust they dissolve strontium from minerals in the rock and take on the isotopic 
signature of the rocks that they have interacted with. Warm springs and hydrothermal vein 
minerals have 87Sr/86Sr within range of hangingwall rocks (Figure A3.7), therefore these fluids 
have not crossed the Alpine Fault and interacted with the highly radiogenic footwall rocks. 
This evidence along with a lack of warm springs recorded in the footwall indicates that the 
Alpine Fault may be a barrier to fluid flow at depth as well as at shallow levels as measured 
in DFDP1 (Sutherland et al., 2012). 
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Figure A3.7 87Sr/86Sr of hangingwall Alpine Schist, veins and warm springs from the Southern Alps and 
footwall rocks, Greenland Group and Cretaceous Intrusions. Veins and warm springs are within range of 
hangingwall rocks and have not interacted with footwall rocks. Strontium isotope data for Alpine Schists from 
Horton et al. (2003) and data from this study; Greenland Group from Adams (2004) and Cretaceous intrusions 
from Pickett and Wasserburg (1989). From Menzies (2012).  

A3.1.4 Footwall Fluid Compositions 

There are no springs in the footwall of the Alpine Fault and therefore no fluids measurements 
have been made. About 30 km south west of the DFDP2 site (marked as Franz Josef on 
Figure A3.1) Cretaceous monzodiorite footwall rocks crop out which are cross cut by 
hydrothermal veins. These veins have not been dated, but their age can be estimated based 
on the uplift rate of the footwall (~1 mm/ year) and the depth at which they formed (>3 km), 
which equates to >3 Ma. δD values of fluids included in these veins indicate that they are 
meteoric in origin (δD = -62 to -65 ‰). Although formation temperatures are not constrained, 
fluids in equilibrium with vein mineral δ18O values at temperatures between 150 and 300 °C 
are higher than meteoric water δ18O values indicating these fluids are at least partially rock-
equilibrated. 

A3.1.5 Summary 

Fluids present throughout the crust in the hangingwall are dominated by meteoric waters. 

Local hangingwall spring waters are undersaturated in CO2 (concentrations between 0.0009 
to 0.02 mol/L CO2). If such spring waters were saturated with CO2 at ~34 °C, they would 
contain 0.046 mol/L CO2, completely degassing these fluids would yield 1 L of CO2 per 1 L of 
spring water. Release of this much CO2 is improbable as fluids containing 0.02 mol/L were 
stable in spring water solutions sampled at the surface, and fluids at higher temperatures that 
may be intercepted during drilling would have a lower capacity to dissolve CO2. 

Spring waters are genetically related to fluids circulating at deeper levels in the crust and the 
differences in chemistry between these fluids is due to increasing degrees of fluid-rock 
interaction with depth. Fluids circulating to deeper levels have higher dissolved loads and 
oxygen isotopes. No exotic metamorphic or magmatic fluids are required to explain fluid 
chemistries observed at depth. 

A lack of springs in the footwall and no footwall-like fluid 87Sr/86Sr signatures in the 
hangingwall indicate that fluid flow may be restricted to the hangingwall and that the Alpine 
Fault may be a barrier to fluid flow. 

Footwall fluid chemistry is poorly constrained. Vein forming fluids in the footwall (exposed 
~30 km south west of DFDP2) were meteoric in origin, but had equilibrated oxygen with host 
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rocks, indicating fluid evolution and circulation to greater depths than near-surface warm 
spring waters. 
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APPENDIX 4: DFDP-2 SAFETY REVIEW RESPONSE (13 JUNE 2014) 

In reporting back to the Principal Investigators on 13 May 2014, the DFDP-2 Safety Review 
Committee reached ten conclusions. We respond to each of those conclusions below. 
1. Drilling as planned will have no significant effect on Alpine Fault Seismic hazard. 

Noted. 
2. Geological and geophysical studies already completed to characterize the drill 

site and surrounding environment are sufficient and appropriate to guide the 
drilling. 

Noted. 
3. The drilling plan provides an adequate margin of safety assuming that the 

geology encountered in the hole conforms to the pre-drilling geologic model. 

Noted. The drilling plan continues to be refined to ensure that geological contingencies 
are adequately considered and that the materials and equipment required to address 
different scenarios are available on-site. 

4. Response protocols including the proposed traffic light (“Go, Caution, Stop”) for 
managing departures from anticipated conditions are in principle adequate but 
need to be finalized. 

Work is underway to revise and finalize the response protocols on the basis of 
earthquake and strong-motion monitoring. 

5. The proposed real-time earthquake and gas monitoring systems are essential for 
the operation of the traffic light system and need to be tested and fully functional 
during all field operations. 

Telemetry systems are now being tested in collaboration with GeoNet. Planning has 
begun for the installation of a strong-motion recorder in Whataroa from July. The gas 
monitoring protocol is being developed by researchers from the University of Otago 
and GFZ Potsdam.. 

6. The decision process for resuming drilling following Caution or Stop needs to be 
clearly defined in the operational plan, including clearly understood rules and 
responsibilities for all those involved in the operation. 

The decision-making process and clear divisions of responsibility are being revised in 
light of the discussions during the Safety Review.  

7. Drilling through the fault and into the footwall is literally drilling into unknown 
territory, and consequently the Principal Investigators are encouraged to consider 
the consequences of encountering unanticipated geologic conditions that could 
be present, albeit unlikely, and discuss them with the drilling engineers and 
driller. 

As noted above (point 3), the drilling plan is being developed with close consultation 
between the science team and the drillers to ensure that provisions are made for. 

8. DFDP-2 will in all likelihood be a high-profile project and as a consequence all 
project participants are encouraged to use public interest as an educational 
opportunity to promote earthquake risk reduction activities not only in Westland, 
but throughout the country. 
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The Principal Investigators are working with specialists at GNS Science to develop 
electronic and printed resources that can be used in conjunction with public lectures 
and made available to media organizations. 

9. The chain of command for the project needs to be clearly defined, particularly for 
how important decisions will be made on short notice, as inevitably arise in 
drilling projects.  

Noted. The chain of command and protocols for rapid decision-making will be revised 
with input with the Safety Review Committee to ensure that safe operational decisions 
can be made at all times. 

10. A Communications Plan that provides information on the project and addresses 
anticipated questions and concerns from the public (FAQs) is highly 
recommended.  

The Principal Investigators have developed a list of FAQs that will be made public with 
this document and the Committee’s report and updated on an ongoing basis as 
necessary. 
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APPENDIX 5: DFDP-2 FREQUENTLY ASKED QUESTIONS (COMPILED 24 
JUNE 2014) 

1. What is the Deep Fault Drilling Project? 

The Deep Fault Drilling Project (DFDP) is an international science project studying the Alpine 
Fault in western South Island. It fills a knowledge gap for the international science community 
trying to understand earthquake processes. It will sample rock types, physical properties, and 
ambient conditions of an earthquake-generating fault that is late in its earthquake cycle and 
due to fail in a large earthquake. 

The drilling project is important to New Zealand because it will provide scientific data to 
inform analysis of the largest seismic hazard in South Island. It should enable scientists to 
develop better models of earthquake-shaking and monitoring equipment inserted inside the 
drill hole may inform future warning systems or time-varying hazard estimates. Using rock 
and fluid samples, geophysical and hydraulic data, and by establishing a long-term 
observatory inside the fault zone, we will provide new insights into how the Alpine Fault and 
other large faults operate. 
2. What is “DFDP-2”? 

“DFDP-2” refers to the second phase of the Deep Fault Drilling Project and to the 1.3km-
deep borehole that is intended to be drilled during this phase of the project. 
3. Who is involved in this project? 

DFDP is led by Dr Rupert Sutherland (GNS Science), Dr John Townend (Victoria University 
of Wellington) and Dr Virginia Toy (University of Otago) and involves researchers and 
students from more than a dozen organisations in New Zealand, Canada, France, Germany, 
Japan, the United Kingdom, and the United States. 
4. How is the Deep Fault Drilling Project funded? 

DFDP’s two main funding bodies are the Marsden Fund of the Royal Society of New Zealand 
and the International Continental Scientific Drilling Program. Additional funds for specific 
components of research have been provided by the Earthquake Commission, the National 
Science Foundation (United States), the National Environmental Research Council (United 
Kingdom), and the participating organisations via internal grants. 
5. What is the Alpine Fault? 

The Alpine Fault forms part of the boundary between the Australian and Pacific Plates in 
southern New Zealand. It lies near the base of the steep western range-front of the Southern 
Alps over a distance of about 500km between Milford Sound and Marlborough. It is visible 
from space as a more-or-less straight line delineating the western side of the Southern Alps. 
Southwest of Milford South, the Alpine Fault extends southwestwards offshore of Fiordland 
for about 200km. North of Hanmer Springs, it branches into several faults including the Hope 
Fault and the Wairau Valley Fault. 

Slip on the fault is responsible for lifting up the Southern Alps and for offsetting rocks 
horizontally by hundreds of kilometres (e.g. the Red Hills in Nelson and Red Mountain in 
South Westland were once joined, but have been offset from one another). During the last 
two million years, the central portion of the Alpine Fault has slipped at an average rate of 
about 27mm/yr horizontally and 10mm/yr vertically. Scientists believe this slip mostly occurs 
during earthquakes of magnitude 7.5–8.0 every 200–400 years. In each earthquake, one 
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side of the fault moves by about 7–9m horizontally and 0–3m vertically with respect to the 
other side of the fault. 
6. What is so special about the Alpine Fault? Why is the international scientific 

community interested? 

There are several reasons why the Alpine Fault is a globally important focus of research into 
earthquake and faulting processes. As the Alpine Fault slips, it displaces the rocks on either 
side horizontally and vertically. Rocks on the eastern side of the fault move southwestwards 
and upwards each time the fault slips. The net result of this type of slip is that, over time, 
rocks that were deeply buried beneath the Southern Alps are exhumed to the earth’s surface. 
In fact, this exhumation takes place so rapidly (in geological terms) that the rocks do not 
have time to cool and many temperature-controlled processes that normally occur at great 
depth persist to much shallower depths.  

By studying these processes and the mineralogical and structural signatures they leave 
behind, scientists can learn about how the Alpine Fault behaves at the depths at which 
earthquakes nucleate (about 6–12km). Using rock and fluid samples collected from 
boreholes, we can study pristine materials that have not been modified by weathering 
processes occurring at the earth’s surface. In other words, drilling enables us to see through 
the effects of near-surface weathering and erosion. Furthermore, the Alpine Fault dips 
downward into the earth at an angle of about 45°. This means that a vertical borehole can be 
drilled to penetrate the fault more easily and less expensively than in the case of a vertical 
fault such as the San Andreas Fault, which has been a target of past scientific drilling 
operations (see: http://www.earthscope.org/science/observatories/safod). 

Most significantly of all, perhaps, is the fact that the Alpine Fault appears to produce large 
(M8) earthquakes about every 330 years and last ruptured in 1717AD. This means that the 
fault is late in its average cycle of stress build-up between large earthquakes, and is 
expected to rupture at some point in coming decades. DFDP provides a rare opportunity to 
determine the state of the fault before it breaks — that is, to measure the pressures, 
temperatures, and stresses acting on the Alpine Fault in the build-up to a major earthquake. 
Other scientific drilling projects such as the Taiwan Chelungpu Drilling Project 
(http://www.icdp-online.org/projects/...sia/chelungpu/) have mostly managed to drill into 
active faults after major earthquakes. 
7. Where can I actually see the Alpine Fault? 

There are several sites where you can get close to the Alpine Fault. In the township of Franz 
Josef, the fault crosses State Highway 6 diagonally and runs past the petrol station at the 
southern end of town. Where it crosses the road, it can be seen as a slight rise of about 30 
cm. There is also a spectacular exposure of the fault at Gaunt Creek, southeast of Whataroa. 
The landowners run tours to this site (http://alpinefaulttours.co.nz/). Trampers can see other 
world-class exposures of the fault a couple of hundred meters off the Hollyford Track at 
Hokuri Creek, and in the Martyr River at the south end of the Jackson River Road. 

The Geology Department of the University of Otago maintains a collection of Alpine Fault 
maps at http://www.otago.ac.nz/geology/research/structural_geology/alpinefault/index.html.  
8. What do you hope to find that you don’t know already? 

The Alpine Fault has not produced any large earthquakes in recorded history, but there is 
geological record spanning thousands of years of repeated M8 earthquakes, the last being in 
1717AD. What geologists and geophysicists worldwide want to better understand is how 
faults such as this one are loaded to the point of failure in an earthquake, and in particular 

http://www.earthscope.org/science/observatories/safod
http://alpinefaulttours.co.nz/
http://www.otago.ac.nz/geology/research/structural_geology/alpinefault/index.html
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what stresses, fluid pressures, and temperatures exist at the point of earthquake nucleation 
(initiation). By measuring these parameters in the DFDP-2 borehole almost 300 years after 
the Alpine Fault last ruptured, and at a depth below the zone of perturbed conditions 
associated with the mountainous topography, the science team will determine for the first 
time what conditions are like deep in the heart of the earthquake machine. 
9. Where is drilling taking place? 

The first phase of the Deep Fault Drilling Project was completed in February 2011 with the 
completion of two shallow boreholes intersecting the Alpine Fault at Gaunt Creek, near 
Whataroa. 

The second phase of the project, DFDP-2, will take place on farmland in the Whataroa River 
valley, upstream from the State Highway 6 bridge. The drill site is about 1km east of SH6. 
10. Has this project been peer-reviewed? 

Yes, there has been extensive expert review of different aspects of the project since it first 
began in 2008. The science plans have been reviewed in the context of multiple funding 
applications, the technical and safety plans have been reviewed by expert panels, and the 
overall design and environmental impact of drilling have been reviewed at various times by 
the Department of Conservation and the West Coast Regional Council as part of required 
consenting processes. All scientific results arising from DFDP are also subject to separate 
peer review when being prepared for publication. 
11. What will the environmental impacts of this project be? 

This project will not have any significant environmental impact. The project will use 
techniques that are routinely used for groundwater drilling and in the geothermal energy 
industry. We will not be using oil-based drilling fluids or fracking techniques employed in the 
petroleum industry. The issue of whether earthquakes could be induced by DFDP-2 drilling 
has been independently reviewed by an expert panel. 
12. Has this sort of drilling into a big plate boundary fault been done before? 

Yes in several countries. Starting in 2004, scientists drilled a 3km-deep hole into the San 
Andreas Fault in California to understand the stresses, pressures, and temperatures under 
which earthquakes occur (http://www.earthscope.org/science/observatories/safod). They 
collected rocks and fluids for laboratory analysis and inserted instruments to monitor the 
fault. In 2012, following the devastating Mw9 Tohoku-Oki earthquake in northeast Japan one 
year earlier, an international team (including project scientist Virginia Toy) drilled into the fault 
that had ruptured to measure the frictional heat produced during the earthquake and to study 
the fine-scale structure of the fault (http://www.jamstec.go.jp/chikyu/exp343/e/). Other 
ambitious fault drilling projects have been undertaken in Taiwan, China and Japan following 
large earthquakes, and in Greece and Turkey. 
13. Will results of DFDP-2 be available to the public? 

We anticipate strong media and public interest in DFDP-2 as the drilling and measurement 
programs proceed. In addition to media coverage, the science team will be providing regular 
updates via this project website, and the website hosted by the International Scientific Drilling 
Program (ICDP): http://www.icdp-online.org/projects/.../alpine-fault/ 

We will also give public talks in Whataroa and nearby communities during and after the 
drilling operations. Results stemming from this project will be published in peer-reviewed 
science journals. 

http://www.earthscope.org/science/observatories/safod
http://www.jamstec.go.jp/chikyu/exp343/e/
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A5.1 DRILLING AND MEASUREMENTS DURING DFDP-2 

14. When is DFDP-2 drilling scheduled to start and how long will it take? 

Site preparation will get underway in August or September 2014 and the main phase of 
DFDP-2 drilling is scheduled to start in early October. The drilling and scientific measurement 
programs are expected to take about two months, although factors such as bad weather or 
technical hold-ups may prolong the project. 
15. What equipment will be used in the drilling? 

The uppermost 100m of DFDP-2 will be drilled using a pneumatic system that drives steel 
casing through the shallow gravel layers. This type of steel casing is commonly used for 
drilling water wells. The top 800m or so of the borehole will be drilled using a method that 
produces chips of rock known as cuttings, rather than intact core. Geologists working on site 
will analyse the mineralogy, structure, and other aspects of the cuttings, to determine what 
kind of rock is being drilled through. Below 800m, a diamond-bit coring system commonly 
used in the mining industry will be used to obtain continuous cylinders of rock. The upper 
section of the borehole will ultimately be cased with steel pipe surrounded by cement and the 
lower portion will be filled with a mixture of cement and impermeable grout once the scientific 
measurements have been completed and observatory equipment installed. 
16. What samples will be collected and how will they be analysed? 

Geologists will collect rock samples from the length of the DFDP-2 borehole for on-site 
analysis in near-real-time to determine mineralogical composition (i.e. rock type) and 
physical properties (density, fluid content, electrical resistivity, etc.). The samples will then be 
packaged and shipped to the University of Otago in Dunedin where scientists will undertake 
further analysis. Cores retrieved from below 800m will be scanned using an instrument that 
provides a complete photographic image of the core and then analysed using a 
computerised tomography (CT) scanner at Dunedin Hospital to determine their internal 
structure. We will also make scans to measure the electrical resistivity, magnetic 
susceptibility, density, elastic, and thermal properties of the core. 

Water and gas samples will also be collected during drilling using equipment installed on the 
drill rig. This information will be used to monitor conditions in the borehole as well as to 
determine the chemical composition and origin of fluids in the rocks surrounding the Alpine 
Fault. 
17. What sort of measurements will be made in the DFDP-2 borehole? 

A major component of the science plan involves measuring the physical properties of rocks 
that have been drilled through using sensitive equipment lowered into the borehole on a 
winch. We will be measuring the rocks’ electrical and elastic properties and the in situ 
temperatures, and acquiring 360° images of the borehole wall to study fractures and 
metamorphic structures. The borehole images also enable us to measure the directions of 
stresses acting on the Alpine Fault. We will be able to compare these results to 
measurements made on the recovered core as well. 

 
18. What sorts of observatory equipment will be installed? 

Subject to final decisions being made, the science team plans to install permanent pressure, 
temperature, and seismic monitoring sensors extending to the bottom of the DFDP-2 
borehole at 1.3km. Similar instrumentation was installed in the two DFDP-1 boreholes drilled 
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at Gaunt Creek in 2011. These down-hole instruments are providing continuous 
measurements of conditions within the fault zone via GeoNet. 
19. Can I visit the drill site? 

To ensure the safety of the public, drillers, and scientists, access to the DFDP-2 drill site will 
be restricted. It is intended that once the experiment has been completed a road-side display 
highlighting key results of this research will be erected. In future, the tours of the Alpine Fault 
at Gaunt Creek may also visit this site (http://alpinefaulttours.co.nz/). 
20. What will be left on the drill site after the project is finished? 

Once the drilling and scientific activities have finished, a shipping container will be installed 
on the drill site above the borehole. This will house recording instrumentation and batteries 
etc. to enable permanent monitoring of temperatures, pressures, and seismic waves 
recorded on sensors installed in the borehole. 
21. What steps have been taken to assess the hazard posed by drilling? 

In March 2014, a technical review of the DFDP-2 project took place in Lower Hutt, involving 
scientific and engineering experts from New Zealand and the United States. This review 
provided advice to the project team on how to refine the technical plan. The following month, 
an earthquake safety review took place in Wellington. This review also involved scientific and 
engineering experts from New Zealand and overseas. 
22. Is the borehole likely to encounter coal, oil, or gas? 

Based on what is known about the geology of the West Coast and the Alpine Fault 
specifically, it is extremely unlikely that coal, oil, or gas will be encountered in DFDP-2. The 
borehole is expected to pass through a shallow layer of alluvial gravels (which currently form 
the base of the Whataroa and other West Coast river valleys), possibly underlain by glacier-
deposited sediments, highly deformed schist and fault rocks (which form the hills on either 
side of the drill-site, and finally deformed granitic rocks that are exposed nearby to the 
northwest of the drill site.  

The nearest known coal measures are found about 90km away at Paringa in sedimentary 
rocks not previously found near Whataroa. However, continuous gas monitoring will be 
conducted on the drill-rig to ensure that in the unlikely event that hydrocarbons are present, 
they can be detected quickly and the drilling processes modified accordingly. 
23. Is the borehole likely to encounter high-pressure fluids? 

During drilling of the DFDP-1 boreholes in 2011, we discovered that the shallow Alpine Fault 
serves as a very effective hydraulic barrier that prevents fluid flowing from one side of the 
fault to the other. We found fluid pressures on either side of the fault to be controlled by 
topographic elevation and the water table. In other words, fluid pressures encountered in 
DFDP-1 were low, but the fault sustained a fluid pressure difference related to the difference 
in topographic elevation between the eastern (mountainous) and western (low-land) sides of 
the fault. 

We expect to encounter a similar hydraulic situation in DFDP-2, exacerbated by the greater 
depth of the borehole. However, materials will be kept on the drill site to respond to higher 
than anticipated fluid pressures if necessary.  

A5.2 ALPINE FAULT EARTHQUAKES 

24. When did the Alpine Fault last rupture in a big earthquake? 
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The Alpine Fault has not produced a large earthquake since the arrival of Europeans and 
scientific inferences about when earthquakes have occurred previously are based on careful 
interpretation of geological features. The fault last ruptured about 297 years ago — most 
likely in 1717AD — and produced an earthquake of about magnitude 8. This earthquake 
ruptured the southern two thirds of the fault between Milford Sound and east of Greymouth, a 
distance of about 400km. The second, third and fourth most recent Alpine Fault earthquakes 
are understood to have occurred in about 1620AD, 1450AD, and 1100AD and to have 
ruptured different sections of the fault. 
25. How often do large Alpine Fault earthquakes occur? 

Research published by scientists from GNS Science in 2012 documented an 8000 year-long 
record of 24 Alpine Fault earthquakes based on data collected near Lake McKerrow, 
northeast of Milford Sound. Based on the dates of each earthquake measured using 
radiocarbon analysis, the researchers calculated an average time between successive large 
earthquakes of 330 years. This sequence of earthquakes is remarkably regular by the 
standards of other large faults that have been studied in this way, but does not mean that the 
Alpine Fault ruptures like clockwork every 330 years. In fact, the intervals between the 24 
successive earthquakes measured at Lake McKerrow varied between 140 years and 510 
years. 
26. Can we predict the next big Alpine Fault earthquake? What is the likelihood of a 

large Alpine Fault earthquake occurring? 

It is not possible to reliably predict the time, location, or size of individual earthquakes. 
However, using measurements of past earthquakes and knowledge of the frequencies of 
earthquakes of different sizes, it is possible to calculate the likelihood of an earthquake of a 
particular size occurring in a specific interval of time. 

Using the record of pre-historic Alpine Fault earthquakes from Lake McKerrow, scientists 
have calculated the probability of a large (M8) earthquake in the next 50 at 30%. 
27. How will the next Alpine Fault earthquake compare to the M7.1 Darfield 

earthquake of 4 September 2010? 

For every one unit increase in magnitude (e.g. from M4 to M5) there is about a 30-fold 
increase in energy release. This means, for instance, that an Alpine Fault earthquake of 
M8.1 would release about 30 times more energy that the Darfield earthquake of M7.1. An 
Alpine Fault earthquake will likely rupture a larger fault length (several hundreds of 
kilometres rather than several tens of kilometres) over a longer period of time (100s of 
seconds rather than tens of seconds) and affect a much larger area than the Darfield 
earthquake. Moreover, it is likely that the aftershock sequence following an Alpine Fault 
earthquake will involve earthquakes of as much as M7. 

It is important to remember that the size of an earthquake is not the only factor determining 
its severity, as has been starkly illustrated by the 2010–2012 Canterbury earthquake 
sequence and the much greater effect of the M6.3 Christchurch earthquake than the M7.1 
Darfield earthquake five months earlier. 
28. Will there be any warning of an impending Alpine Fault earthquake? 

The next big earthquake will almost certainly occur with no discernible warning signs. 
However, DFDP is intended to provide new insight into how faults operate and interact with 
each other. By monitoring pressures, temperatures and stresses near the Alpine Fault on an 
on-going basis, scientists will learn much about how the fault is being loaded towards the 
point of eventual rupture. 
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29. Will drilling into the Alpine Fault cause a large earthquake? 

No, for several reasons. The volume of rock affected by drilling is extremely small (with 
dimensions of the order of a few metres) compared to the scale of the Alpine Fault itself (with 
dimensions on the orders of tens to hundreds of kilometres), and the depth of penetration 
(1.3km) is very shallow compared to the depths at which most earthquakes nucleate (several 
kilometres). Drilling operations will be conducted using techniques that minimise the degree 
of pressurisation in the borehole and no large-volume fluid injection will be undertaken. 
Finally, the low numbers of earthquakes occur naturally within several kilometres of the 
DFDP-2 drill-site, and their low magnitudes, indicate that the rock mass is generally not close 
to failing. 

An earthquake safety review was conducted in April 2014 to review plans for DFDP-2 and 
the effects, if any, that drilling might have on the likelihood of an Alpine Fault earthquake. 
The panel consisted of experts in seismology, geology, science management, and drilling 
engineering from New Zealand, the United States, and Italy. 
30. What background seismicity occurs near the DFDP-2 borehole and how is it 

monitored? 

Earthquakes occur sporadically throughout the Southern Alps, and since 2008 these have 
been monitored with several dense seismic networks operated by Victoria University of 
Wellington and collaborating organisations, in addition to the nationwide GeoNet system. The 
most recent additions to the combined network were four new seismic monitoring stations 
installed within 1.5km of the DFDP-2 drill site in 2013 to monitor earthquake activity in the 
immediate vicinity. 

During a seven-month period in 2013, fewer than 40 earthquakes were recorded within 10km 
of the DFDP-2 site and of these, all but two were deeper than 2km and all but five were 
deeper than 5km. Given this background level of naturally occurring earthquakes, it is 
possible that earthquakes unrelated to drilling operations may occur during the DFDP-2 
experiment. Indeed, it is possible, but unlikely that the anticipated M8 Alpine Fault 
earthquake will occur. 
31. What preparations are being made in case of an Alpine Fault rupture? 

Regional councils and civil defence authorities throughout the South Island, and especially 
on the West Coast, have been making preparations for some time. These address large-
scale infrastructure (transport, power, communications) and steps required of individuals and 
community groups. 
32. How long would the impacts of a big Alpine Fault earthquake last? 

Research conducted at the University of Otago and GNS Science in the last few years has 
revealed that the environmental effects of a large Alpine Fault earthquake will last for several 
decades. These effects include large landslides on steep topography, and the transportation 
of this material down the West Coast river system. It is likely that these processes will affect 
transportation, communication, and power infrastructure for many years. Additionally, 
aftershocks triggered by the main earthquake could be expected to be as large as M7 and to 
continue for many years. Thus, the effects of the next big Alpine Fault earthquake will extend 
well belong the immediate period of damage and disruption. 

A5.3 RESOURCES 

33. Where can I find more information about the Deep Fault Drilling Project? 
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GNS Science Youtube channel: https://www.youtube.com/user/GNSscience  

Previous media releases and press coverage: https://wiki.gns.cri.nz/DFDP/DFDP_Publicity  
34. Where can I learn more about the Alpine Fault? 

TV3 news item about the GNS Science study of Alpine Fault earthquakes: 
http://www.3news.co.nz/Alpine-Fault-considered-ticking-time-
bomb/tabid/817/articleID/259452/Default.aspx  

Web page info about Alpine Fault: 

http://www.gns.cri.nz/Home/Learning/Science-Topics/Earthquakes/Major-Faults-in-New-
Zealand/Alpine-Fault  

https://www.youtube.com/user/GNSscience
https://wiki.gns.cri.nz/DFDP/DFDP_Publicity
http://www.3news.co.nz/Alpine-Fault-considered-ticking-time-bomb/tabid/817/articleID/259452/Default.aspx
http://www.3news.co.nz/Alpine-Fault-considered-ticking-time-bomb/tabid/817/articleID/259452/Default.aspx
http://www.gns.cri.nz/Home/Learning/Science-Topics/Earthquakes/Major-Faults-in-New-Zealand/Alpine-Fault
http://www.gns.cri.nz/Home/Learning/Science-Topics/Earthquakes/Major-Faults-in-New-Zealand/Alpine-Fault
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APPENDIX 6: DFDP-2 INDUCTION FORM 
 

Name:  DFDP2 
Induction Checklist: 
Staff, Students, 
Visiting Scientists and 
Contractors 

Company:  

Date:  

  

 

 Sign-in and sign-out policy 

 Layout/Design of the rig 

 Delineation of hazard zones 1 and 2 

 Location of muster point, emergency alarm 

 
Common hazards (check hazards board every day): tripping, reversing vehicles, heavy lifts, noise, 
overhead structures 

 Harsh climate conditions: rain, wind, night 

 
Emergency stop for the generator, and knowledge about the extreme situation when that would be 
necessary 

 Alcohol policy 

 Fatigue hazards: maximum allowable of 14h on site over a 24h period 

 Visitors awareness: visitors are not allowed on site without agreement/supervision by HS officer 

 Chemicals: location, policy when new ones are brought on site 

 Incident and near-miss incident reporting 

location of the nearest: 

 Fire Extinguisher: cars (not the van); tea room, office, thin section, and gas monitoring containers 

 First Aid Kits 

Personal Protective Equipment requirements: 

HAVE THIS NEED THIS PPE 

  Safety Glasses 

  Overalls 

  Safety Boots 

  Gloves 

  Hard Hat 

  Ear muffs 

  Wet Weather gear 

 

SIGNED: 

HS officer:  Date:  

Person being inducted:  Date:  
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APPENDIX 7: WIRELINE LOGGING REPORT 

The material in this Appendix has been extracted from the DFDP-2 Logging Operations 
Report (v. 12, dated 10 July 2015) prepared by the DFDP-2 Logging Team2. Material from 
pages 1–6 of that report is included in the body of this document. 

A7.1 OPERATIONS 

This section defines a few conventions and provides a brief summary of operations before 
describing each session in detail. 

A7.2 CONVENTIONS 

It is useful to define a few terms for what follows. 
1. A logging session corresponds to a continuous period of time where logging 

operations go uninterrupted. It ends either when the logging plan is exhausted or 
when other operations take precedence and logging is thus halted. 

2. A run is what happens between the moment a tool string enters the borehole and 
the moment it exits it. Runs are numbered sequentially for each borehole, i.e. 
there is a run 1 for DFDP-2A and another run 1 for DFDP-2B. 

3. A pass is what happens between the beginning and the end of recording a data 
stream. It corresponds to a single data file. Many passes can be recorded during 
the same run. 

Dates are given in international format yyyy-mm-dd. 

The raw log files are labeled as (Hole name)_R(Run number)_P(Pass 
number)_date(yyyymmdd)_(tool-stack)_(up or down)_(a few parameters).tfd 

A7.3 DEPTHS 

Depths were measured with respect to three distinct references:  
1. the top of the casing of DFDP-2A,  
2. the top of the casing of DFP-2B, and  
3. the rig table of DFP-2B.  

Depth is thus labeled mbct (meters below casing top) or mbrt (meters below rig table) 
according to the reference used in what follows. A geodetic survey determined the elevation 
of these three references with respect to a concrete base (Table A7.1). The concrete base 
absolute elevation above mean-sea-level was determined by leveling as 93.76 m (NZ 
geodetic datum 2000). 

                                                

 
2 Bernard Célérier, Mai-Linh Doan, Philippe Pezard, Jehanne Paris, Gilles Henry, Olivier 
Nitsch, Lucie Capova, Tamara Jeppson, Cécile Massiot, Doug Schmitt, Harold Tobin. 
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Table A7.1 Depth references. 

Log Depth Reference Abbreviation Elevation above  
concrete base (m) 

Casing Top of DFDP-2A CTA 0.10 

Casing Top of DFDP-2B CTB 1.01 

Rig Table of DFDP-2B RT 1.04 

At the beginning and end of each run, a marker at the top of the tool string is aligned with 
respect to the depth reference listed in Table A7.1. The depth of bottom of the tool string, 
which corresponds to winch depth, is then recorded to evaluate the depth shift that occurred 
during the pass. These two depths are called 'zero tool' and are listed in Table A7. 2. 

A7.4 SUMMARY 

Logging operations in Whataroa involved 20 logging sessions and 52 runs resulting in 19.25 
km of cumulated logged intervals of which 4.80 km were with the borehole televiewer. The 
high temperatures encountered in the DFDP-2B Hole quickly became an issue for most 
logging tool rated to 70°C. 

Table A7. 2summarizes all runs and passes with operation timing, tool stacks, recorded 
intervals, data file names, sampling intervals, logging speed and tool zeroes at the beginning 
and end of each run. Tool stacks names are ordered from bottom to top. Log intervals are 
given as winch depths that correspond to the bottom of the tool stack; they are read in 
Wellcad when importing a raw *.tfd data file. 

Table A7. 3lists comments made during operations for each run and pass. All passes are 
recorded with ALT logger version 11.0 except those marked as logged with version 11.1 in 
Table A7. 2. 

Table A7. 4lists the borehole televiewer, QL40-ABI40 and QL43-ABI43, log parameters: 
depths, logging speed, zero tool, sampling intervals, full wave recording, tool window echo 
gate, formation echo gate, and amplitude and two-way travel-time ranges read from the data 
in Wellcad. 

Table A7. 5provides details of the depth alignment calculations undertaken at Grenoble and 
Montpellier in mid-2015 using methods described by Remaud [2015]. 

Session 1 DFDP-2A Run 01 2014-10-08 

The first session was initiated the very day the tools arrived on the drill site to test some 
equipment and start setting up operational procedures. It was decided to use Hole DFDP-2A 
where drilling operations were terminated and that was thus available. The hole was cased 
with a 12" casing to 21 mbct and drilled below that with an 8" bit to a total depth of 211 mbct. 
The depth reference for all logging runs in this hole is the top of the casing (CTA). 

A single logging run, DFDP-2A R01, was initiated to record fluid temperature and 
conductivity with the Fluid Temperature and Conductivity tool (FTC) stacked with the 
standard gamma ray tool (GR) for correlation purpose. The first pass, DFDP-2A_R01_P1, 
was recorded on the way down, which yields the best measurement of fluid properties. It was 
however interrupted around 24 mbct by an electric power outage. The second pass, DFDP-
2A_R01_P2, resumed the recording down from 24 to 32 mbct where the tool string sat on an 
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obstruction. A third pass, DFDP-2A_R01_P3, was recorded on the way up, after what 
session one was terminated. The logs are thus around 32 m long with 11 m in open hole. 

As a consequence of this test run, the power supply to the logging container was modified to 
minimize the chances of power outage. 

Session 2 DFDP-2B Runs 01-02 2014-10-14 

The second session was initiated in DFDP-2B for operational purposes: first to verify that 
basement had been reached (the drilling rig had to be changed upon penetrating basement), 
and second to measure hole deviation. The hole was cased with a 16" casing to 77 mbct, a 
12" casing to 237 mbct, and a 10" casing to 263 mbct and drilled below that depth with a 
9”7/8 bit to a total depth of 275 mbct. The first drill rig had been moved out, so that the depth 
reference for this session was the top of the casing (CTB). 

It was decided to make 2 runs: a first run, DFDP-2B Run 01, to evaluate borehole conditions 
with the FTC-GR stack, and a second run, DFDP-2B Run 02, with the ABI40-GR stack to 
image the formation, allowing its structural analysis, and measure the hole deviation. 

The first run recorded a single pass, DFDP-2B_R01_P1, on the way down and reached the 
bottom of the Hole at 275.9 mbct. 

The ABi40-GR tool stack was set up for the second run but failed to communicate while still 
on floor. After a few unsuccessful attempts to fix the tool stack communication, it was 
decided to run the sole ABI-40, which had no communication problem. The larger borehole 
diameter than initially planned required a compromise between the set of available 
centralizers, 6” and 10”: the tool was equipped with a 6" centralizer at the top and a 10" 
centralizer at the bottom. Low-resolution passes were recorded to measure the hole 
deviation and high-resolution passes were recorded in open hole only for structural 
interpretation. 

A first low resolution down going pass, DFDP-2B_R02_P1, was initiated but aborted around 
7 mbct because its 4 mm vertical spacing was too small. A second low resolution down going 
pass, DFDP-2B_R02_P2, with 50 mm vertical spacing was recorded from 7 mbct to the total 
depth of 275 mbct. A first high resolution up going pass, DFDP-2B_R02_P3, was then 
recorded from total depth up to the bottom of casing. However the images showed that the 
formation was not properly detected within the default time windows of the tool configuration. 
The tool was lowered again to total depth and the tool and formation echo time intervals were 
manually adjusted before starting a new high resolution pass, DFDP-2B_R02_P4, from total 
depth to casing depth. This pass provided good formation images. A last low resolution pass, 
DFDP-2B_R02_P5, was recorded from casing depth (263 mbct) to the top of the hole, to 
measure tilt again but in an up going pass. Images from DFDP-2B_R02_P4 were later 
processed and showed planar features with a regular orientation that were interpreted as the 
formation foliation. This confirmed that basement had indeed been penetrated. Tilt showed a 
general downward increase from around 1° at the top to 4° around 205 mbct. 

Since the borehole was to be further drilled with an 8”1/2 bit, 8” centralizers were ordered 
after this session. 

Session 3 DFDP-2B Run 03 2014-10-18 

Session 3 involved a single run with the Muset tool to evaluate fluid density and temperature. 
The new drill rig was now in place and all depth measurements in DFDP-2B would be 
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referred from the rig table elevation (RT) from now on. Other conditions were the same as 
during session 2, with a 275 mbrt total depth. 

The first downward pass, DFDP-2B_R03_P1, started around 2 mbct and was stopped at 
268.5 mbct when the tool descent was stopped by an obstruction. The tool went through an 
oil patch at the top of the hole that seems to affect conductivity measurements down to 
around 170 mbrt. A new down going pass, DFDP-2B_R03_P2, was then restarted from 265 
mbct and succeeded in reaching 272 mbct where it was stopped. The recorded data, 
however, are constant. The bottom 7 m interval was thus recorded again on the way up as 
DFDP-2B_R03_P3, but the data are still constant. A last record from 30.5 mbct to 1.8 mbct, 
DFDP-2B_R03_P4, finally shows varying data. This can be explained either by the sensors 
being clogged with heavy mud that insulated them from the fluid near the bottom of the hole 
or by the tool having stopped its descent while the winch continued unrolling cable. The 
pressure measurements are almost an order of magnitude above what they should be, 
indicating a sensor problem. 

Session 4 DFDP-2A Runs 02-03 2014-10-22 

After the puzzling pressure measurements obtained by Muset in DFDP-2B (DFDP-2B_R03), 
it was decided to compare the pressure sensor of the Muset tool and with that of the Idronaut 
tool by running both tools in DFDP-2A. 

Muset was launched in the first run and recorded both a down going pass, DFDP-
2A_R02_P1, from the surface to 28.5 mbct, and a short up going pass, DFDP-2A_R02_P2, 
from 28.5 to 26.3 mbct. Idronaut was launched next and recorded a single down going pass, 
DFDP-2A_R03_P1, from the surface to 28.0 mbct. 

Both pressure sensors show a linear trend with depth, but the values from Muset are too 
large by a factor of around 6 and those from Idronaut too small by a factor of around 0.7. It 
was concluded that the sensors either are damaged or need be re-calibrated. 

Session 5 DFDP-2B Runs 04-09 2014-10-23 & 24 

Session 5 was launched to take advantage of a drilling lull as a new BHA was being 
prepared. The hole had been drilled to a total depth of 397 mbrt with an 8"1/2 bit and thus 
122 m of new open hole formation could be logged. 

The first run recorded a single down going pass, DFDP-2B_R04_P1, with the FTC-GR stack 
from the top of the hole to the total depth where it recorded a temperature of 50°C. 

For the second run the ABI40-SGR stack was chosen to avoid the communication problem 
encountered with the ABI40-GR stack. In the absence of intermediate size between 10" and 
6", 6" centralizers were used but this was not sufficient to ensure a proper centralization. Two 
short (<2m) passes, DFDP-2B_R05_P1 and DFDP-2B_R05_P2, were made near 378 mbrt 
to adjust the ABI detection windows. These short passes revealed that tilt had increased to 
10° and that the formation was correctly imaged only in a small sector centered on the low 
side of the hole, as a consequence of the combination of high tilt and incomplete 
centralization. It was thus decided to record the main pass, DFDP-2B_R05_P3, from total 
depth to the bottom of the casing with intermediate resolution (144 points/turn and 4 mm 
vertical sampling) to save time with the idea that this section would be logged again when 8" 
centralizers would become available. The main pass data show that tilt increases from 1° at 
the top up to close to 12° at the bottom of the hole. The formation is correctly imaged only 
within a 90° sector centered on the low side of the hole in the 310-263 mbrt section, and this 
sector becomes very narrow in the 392-310 mbrt section where tilt is higher. 
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The Muset tool was sent down in the third run mainly to record Spontaneous Potential. A 
single down going pass, DFDP-2B_R06_P1, was recorded from the top of the hole to total 
depth.  

The fourth run sent down the Dual Laterolog (DLL). Both down going, DFDP-2B_R07_P1, 
and up going, DFDP-2B_R07_P2, passes were recorded from the bottom of the casing to 
total depth. 

The BSS-GR combination was sent down for the fifth run and recorded both a down going, 
DFDP-2B_R08_P1, and an up going, DFDP-2B_R08_P2, pass between the top of the hole 
and total depth. 

Because of the incomplete coverage of the borehole wall by the BHTV data of run 5, it was 
decided to independently constrain the hole diameter by adding the caliper tool to the FTC-
GR stack in the sixth and last run. The 3 arms mechanical caliper can be opened only during 
up going passes so that two passes were required: a down going pass for fluid properties 
and an up going pass for caliper measurements. The first down going pass, DFDP-
2B_R09_P1, was interrupted at 22.65 mbrt by an acquisition software problem. Logging 
resumed with the second pass, DFDP-2B_R09_P2, from that depth to total depth. Depth 
indications were lost for a few second during this second pass. The third pass, DFDP-
2B_R09_P3, is an up going pass from total depth to bottom of casing to record caliper. 
During this run the winch depth encoder came loose and depths are affected as can be seen 
by the 7.9 m difference between the initial and final tool zero depth (Table A7. 2). The caliper 
channel is recorded during all passes, but it is meaningless in the down going passes where 
the caliper arms remain closed: valid caliper measurements are made only during up going 
passes. 

Session 6 DFDP-2B Runs 10-15 2014-10-30 & 31 

Session 6, 7 and 8 took advantage of the borehole availability during lulls in BHA fishing 
operations. For session 6, the 72 m long BHA was resting at the bottom of the hole, reducing 
the available open hole to a total depth of 325 mbrt. There were multiple goals for this 
session. First to repeat logs to monitor evolving parameters such as temperature with the 
FTC and invasion with the DLL; next to repeat measurements that were not completely 
satisfactory during the previous session: repeat magnetic susceptibility measurements with 
the EMS51, because those with the BSS of Run 08 were not very dynamic, repeat caliper 
measurements because the caliper did not fully open during the first 20 m of run 09, and 
repeat ABI imaging because adequate 8” centralizers had arrived; finally to make 
measurements that had not been done yet: fluid flows with the FSM, sonic velocities with the 
FWS and spectral gamma ray with the SGR512. 

The FTC-CAL-GR stack was deployed for the first run and recorded a down going pass, 
DFDP-2B_R10_P1, for fluid properties from the top of the hole to total depth, and an up 
going pass, DFDP-2B_R10_P2, from total depth to bottom of casing for caliper 
measurements. 

The second run deployed the ABI40-SGR stack with the newly received 8" centralizers that 
are used in all subsequent ABI runs. Just after zeroing the tool at surface, a problem was 
detected with the depth encoder wheel. This was fixed by tightening bolts, after what the tool 
zero was reset and the tool sent downhole. Two short passes (12 and 5 m), DFDP-
2B_R11_P1 and DFDP-2B_R11_P2, were recorded to adjust window parameters. The main 
pass, DFDP-2B_R11_P3, was recorded from total depth to the bottom of the casing. Two 
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short passes (6 and 15 m), DFDP-2B_R11_P4 and DFDP-2B_R11_P5, were also recorded 
within casing to help calibrate the travel-time – caliper conversion. 

The third run used the FSM-FWS-GR stack. Four passes were recorded for flow meter 
purposes: a down going, DFDP-2B_R12_P1, and up going pass, DFDP-2B_R12_P2, at low 
logging speed (4m/min) and a down going, DFDP-2B_R12_P3, and up going, DFDP-
2B_R12_P4, pass at higher logging speed (8m/min). These passes were recorded in the 
open hole section. 

The DLL tool was sent down for the fourth run and recorded a down going, DFDP-
2B_R13_P1, and up going pass, DFDP-2B_R13_P2 in the open hole section. 

The fifth run sent the EM51 tool down and recorded a down going, DFDP-2B_R14_P1, and 
an up pass, DFDP-2B_R14_P1, from total depth to the bottom of the casing. 

The sixth and last run of session 6 was done with the spectral gamma ray tool, SGR512. 
Two passes were recorded from the bottom of the casing to total depth: a down going, 
DFDP-2B_R15_P1, and an up going, DFDP-2B_R15_P3, pass. An additional short (<3m) up 
going pass, DFDP-2B_R15_P2, was also recorded at the bottom of the hole. However the 
calibration to compensate the temperature drift of the sensor was not properly made, and 
therefore the data from this run are not directly usable. 

Session 7 DFDP-2B Runs 16-19 2014-11-05 & 06 

Session 7, like session 6, took advantage of the borehole availability during lulls in BHA 
fishing operations. The 72 m long BHA had been extracted from the hole before session 7 so 
that total depth was again 396 mbrt. However a few pieces of metal were still thought to be 
present in the hole and it was decided to keep the tools a few meters above total depth to 
avoid hitting them. 

The goals of this session were to monitor temperature evolution, to help locate some of the 
metal pieces still present in the borehole with magnetic susceptibility measurements by the 
EM51, to repeat once more caliper measurements, to acquire spectral gamma ray data with 
the SGR512 because of the calibration problem of those of run 15, and to acquire ABI40 
images in the deepest part of the hole that was not accessible during the previous session. 

The first run was again with the FTC-CAL-GR stack. A down going first pass, DFDP-
2B_R16_P1, from top of the hole to total depth was followed by an up going pass, DFDP-
2B_R16_P2, for caliper measurement from total depth to 238 mbrt, 27 m above the bottom of 
casing. A final pass, DFDP-2B_R16_P3, was recorded upward from 234 to 219 mbrt within 
the casing for caliper calibration purposes.  

The second run launched the EM51 sonde to help locate metal parts. It recorded a single 
upward pass, DFDP-2B_R17_P1, from total depth to the bottom of the casing. A strong 
electrical induction and magnetic anomaly was found at 331 mbrt, where previous runs had 
not detected any anomaly, which thus suggested the presence of metal. 

The SGR512 was sent in the hole for the third run and recorded a single upward pass, 
DFDP-2B_R18_P1, from total depth to the bottom of the casing.  

The ABI40-SGR stack was used for the fourth run. The tool string descent was stopped 
around 312 mbrt and 4 short up going passes (< 3m), DFDP-2B_R19_P1 to DFDP-
2B_R19_P4, were recorded to tune the echo window parameters. The tool was then lowered 
further down. The descent was stopped around 330 mbrt by a possible obstruction that was 
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finally overcome. Two short up going passes (< 1m), DFDP-2B_R19_P5 and DFDP-
2B_R19_P6, were recorded upward from total depth to check the window parameters. The 
recorded amplitudes were very low and formation was not properly imaged. Assuming that 
this attenuation could be related to the sedimentation of thick mud at the bottom of the hole, 
it was then decided to start the main log higher up and the tool was raised to 380 mbrt. The 
main log thus starts from 380 mbrt and is split into 3 successive passes: DFDP-2B_R19_P8 
to DFDP-2B_R19_P11. The ABI magnetometer register a strong anomaly and the ABI 
amplitude image shows an anomalous structure at 332 mbrt, where the tool had difficulties 
going down and where the EM51 (run 17) had also located an anomaly. This pointed to a 
large piece of metal, which would indeed be fished after the logging session. Later analysis 
of the ABI images showed that the amplitudes are very low and that the formation is properly 
imaged within a sector centered around a relative bearing of 140° and that covers between a 
third and half the hole perimeter only. 

Session 8 DFDP-2B Runs 20-25 2014-11-06 & 07  

Session 8, like session 7 and 6, took advantage of the borehole availability during lulls in 
BHA fishing operations. The large piece of metal located during session 7 had been 
successfully fished and total depth was 396 mbrt as for session 7. The goals of this session 
were (1) to check whether some metal was still present in the hole with magnetic 
susceptibility measurements by the EM51, (2) to measure once again borehole diameter but 
this time with a non stackable caliper tool, the CAL-MS, with the expectation that the arms of 
this lighter tool would open more easily, (3) to monitor invasion by repeating DLL 
measurements, (5) to measure sonic velocities in the deep part of the hole, (6) to analyze the 
BHTV response so as to devise ways to improve formation imaging by parameters tuning, 
and (6) to keep on monitoring the temperature evolution. 

The first run was with the EM51 that recorded a down, DFDP-2B_R20_P1, and an up going 
pass, DFDP-2B_R20_P2. 

The second run sent down the CAL-MS that recorded a first up going pass, DFDP-
2B_R21_P1, from total depth to 337 mbrt where it was interrupted by a communication 
problem. After clearing the problem a second up going pass, DFDP-2B_R21_P2, was 
recorded from 341 mbrt to 240 mbrt above casing bottom. 

The third run was with the DLL that recorded both a down, DFDP-2B_R22_P1, and up, 
DFDP-2B_R22_P2, going pass from total depth to bottom of casing. 

The fourth run sent down the FWS-SGR stack. A down going pass, DFDP-2B_R23_P1, that 
started at the bottom of casing was interrupted at 334 mbrt by a communication problem. 
The tool was shut down and restarted and a short upward pass, DFDP-2B_R23_P2, 
confirmed that this cleared the problem. The down going record resumed with DFDP-
2B_R23_P3 from 330 mbrt to total depth. A final up going pass, DFDP-2B_R23_P4, was 
then recorded from total depth to the bottom of the casing. 

The ABI40 was sent down for the fifth run. Two short (< 1 m) passes with waveforms were 
first recorded near the top, DFDP-2B_R24_P1, and bottom, DFDP-2B_R24_P2, of casing so 
as to be able to analyze the borehole wall echoes in a situation where diameter is well known 
and assumed to be reflective. Next formation was logged in 5 short (from 0.6 m to 21 m) 
passes, DFDP-2B_R24_P3 to DFDP-2B_R24_P7, around 280 mbrt and 290 mbrt. A set up 
problem resulted in an empty, i.e. without data, DFDP-2B_R24_P4 file. Later analysis of this 
run confirmed that echo amplitudes can be very low even in casing. Full waveform analysis 
showed systematic energetic arrivals at 80 and 88 µs double travel time that were interpreted 
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as likely tool internal reflection multiples and that could be picked instead of formation 
arrivals when formation amplitude is very low. 

The last run was with the FTC-GR stack to monitor temperature evolution. A single down 
going pass, DFDP-2B_R25_P1, was recorded from bottom of casing to total depth. 
Temperature was now 66°C at total depth. 

Session 9 DFDP-2B Runs 26 2014-11-08  

This session was initiated to try and improve BHTV imaging by adjusting the bounds of the 
formation echo window more tightly than done before to avoid picking tool internal reflection 
multiples when formation amplitude is low. After three short (< 1 m) passes, DFDP-
2B_R26_P1 to DFDP-2B_R26_P3, near total depth to test parameters, four consecutive 
upward passes, DFDP-2B_R26_P4 to DFDP-2B_R26_P7, covered the interval from total 
depth to 317 mbrt. A final low resolution pass, DFDP-2B_R26_P8, was recorded within the 
casing for caliper calibration purposes. The open hole data correctly image the formation 
within a sector around a relative bearing of 130° and that covers between a half and two-third 
of the hole perimeter, which represents an improvement with respect to run 19. However 
horizontal stripes in pass 6 and 7 suggest a tool problem. While rigging down and 
descending the upper pulley the logging cable was pulled too fast, snapped out of the lower 
pulley and ended up being squeezed between the plastic pulley and its iron caging, leading 
to questions about its integrity. Close inspection of the cable the day after, however, showed 
no permanent damage. 

Session 10 DFDP-2B Runs 27 & 28 2014-11-12  

On November 11th, penetration came to halt and it was decided to pull the drill bit out for 
examination. It turned out that the drill bit had actually separated from the drill string and 
rested at the bottom of the hole, prompting another fishing operation. Session 10 was 
launched during the lull between the end of pipe pull out and the beginning of fishing 
operations. Drilled total depth had reached 489 mbrt, but the bottom of the hole was filled 
with the drill bit and a BHA element that reduced the total depth for logging to 482 mbrt and 
thus to 86 m of extra open hole with respect to former runs. 

The first run was with the FTC-CAL-GR stack. The stack order was purposefully inverted in 
the logger software to compensate a bug that inverted tool order in previous runs. This 
successfully circumvented the bug. A down going first pass, DFDP-2B_R27_P1, that started 
from the top of the hole was terminated at 458 mbrt as the tool stopped going down. The tool 
was slightly raised and a second pass, DFDP-2B_R27_P2, starting from 458 mbrt 
successfully reached total depth. The maximum temperature was 55°C. A first up going 
pass, DFDP-2B_R27_P3, for caliper was recorded from total depth but was stopped at 463 
mbrt as it was noted that the caliper arms had not opened beyond a 10.5 cm diameter (the 
hole is drilled with a 8.5” or 21.6 cm bit). It was then decided to go back to total depth and 
record a second up going pass, DFDP-2B_R27_P4, up to 325 mbrt. The problem persisted 
in this last pass where measured diameter becomes close to drill bit size only above 378 
mbrt. 

The second run was with the Abi-40-SGR stack. A first down going low resolution pass, 
DFDP-2B_R28_P1, was recorded from casing bottom to total depth mainly for inclinometry. 
Two short (< 1m) downward low resolution passes, DFDP-2B_R28_P2 and DFDP-
2B_R28_P3, were then recorded around 399 mbrt and 399 mbrt to tune up echo window 
parameters; the first of these tests, DFDP-2B_R28_P2, recorded full waveforms. The main 
high resolution upward log started from total depth with DFDP-2B_R28_P4 but was halted at 
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465 mbrt because of communication problems with the SGR; it resumed from that depth with 
DFDP-2B_R28_P5 that was again halted at 457 mbrt for the same reason and followed by 
DFDP-2B_R28_P5 that started from that depth and terminated at 383 mbrt to overlap with 
run 26. Another high resolution upward pass, DFDP-2B_R28_P7, was recorded between 290 
and 280 mbrt to check whether opposite vertical low amplitude thin stripes, seen on Run 24 
Pass 5, but seen neither on Run 5 Pass 3 nor on Run 11 Pass 3, and reminiscent of drilling 
induced fractures, had persisted. These features do not appear on Run 28 Pass 7. Further 
analysis shows that they are located near the high and low side of the hole where reflectivity 
is low for all passes in this depth interval, and are due to incorrect picking that misses the 
formation echo: this problem is enhanced in Run 24 Pass 5 where the formation echo 
interval, set to 110-230 µs, was wider than in Run 28 Pass 7 where it was set to 120-170 µs. 
Finally two short (< 2m) passes, DFDP-2B_R28_P8 and DFDP-2B_R28_P9, were recorded 
in casing around 260 mbrt for caliper calibration purposes. 

Session 11 DFDP-2B Runs 29-33 2014-11-13 & 14 

The drill bit was successfully fished on November 13th and there was another lull in drilling 
operations as the BHA was being prepared. Session 11, 12 and 13 took advantage of this lull 
to acquire more data in the hole. Total depth was now 489 mbrt. The plan was to check the 
evolution of temperature and to acquire spectral gamma ray, electrical conductivity and sonic 
velocity data. 

The first run was with the FTC-CAL-GR stack that recorded a single down going pass, 
DFDP-2B_R29_P1, from the top of the hole to total depth. The maximum temperature 
reached 74° at total depth. This meant that most tools, rated up to 70°C, had reached their 
limit. 

The second run recorded spectral gamma ray with the SGR512 in a single pass, DFDP-
2B_R30_P1, from total depth up to 380 mbrt, where it overlaps run 18 with the same tool. 

The third run with the DLL also recorded a single pass, DFDP-2B_R31_P1, from total depth 
up to the bottom of casing. 

The fourth run involved the full waveform sonic in monopole configuration. All passes were 
recorded upward.  

The first series of passes record a full log from total depth to casing bottom at 20 kHz 
frequency. A first test pass, DFDP-2B_R32_P1, from total depth to 483 was aborted as gain 
was set too high resulting in saturated data. A second pass, DFDP-2B_R32_P2, from total 
depth with lower gain yielded acceptable data but had communication problems and was 
stopped at 406 mbrt by a logger software crash. The log resumed with a new pass, DFDP-
2B_R32_P3, from 406 mbrt up to 389 mbrt where it was halted by a similar problem. The 
fourth pass, DFDP-2B_R32_P4, resumed the log from 389 mbrt and was halted at 321 mbrt 
because of communication problems. The fifth pass, DFDP-2B_R32_P5, resumed the record 
from 322 mbrt to the bottom of casing. During all of these 5 passes communication errors 
were noted.  

The second series of passes record a full log from total depth to casing bottom at 1 kHz 
frequency. A first trial pass, DFDP-2B_R32_P6, from total depth to 482 mbrt was not very 
convincing and showed communication errors. A second trial pass, DFDP-2B_R32_P7, with 
lower gain and at 5 kHz frequency did not show much improvement. The main pass, DFDP-
2B_R32_P8, was then recorded from total depth to casing bottom with lower gain and 1kHz 
frequency. 
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After being pulled out of the hole, the full waveform sonic was set up in dipole configuration 
at the surface and sent down again for the fifth run. A first pass, DFDP-2B_R33_P1, was 
recorded from total depth to 458 mbrt at 20 kHz frequency and showed, as before, 
communication errors. A second run, DFDP-2B_R33_P2, covered the interval from 458 mbrt 
to bottom of casing at 15 kHz frequency. 

Session 12 DFDP-2B Run 34 2014-11-14 

Because drilling had not resumed, the borehole was available and session 12 was launched 
to further test the magnetic susceptibility response of the QL40-BSS tool. Hole conditions 
were thus the same for this session as for the previous one, with total depth at 489. A single 
run with the BSS-GR stack recorded a down going, DFDP-2B_R34_P1, and an up going, 
DFDP-2B_R34_P2, pass from total depth to the bottom of casing. Both passes show a 
strong magnetic anomaly near the bottom of the well at 487 mbrt. The up going pass shows 
a drift in the measurements that is not seen in the down going pass. This possibly could be 
related to sensor thermal drift. 

Session 13 DFDP-2B Run 35 2014-11-15 

Before drilling resumed, a last logging session was launched to monitor the temperature 
evolution. It involved a single run with the FTC-GR stack that recorded a single downward 
pass, DFDP-2B_R35_P1, from the top of the hole to total depth where temperature now 
reached 80°C. 

Session 14 DFDP-2B Run 36-37 2014-11-18 

Drilling had progressed between this session and the previous one and total depth had 
reached 525 mbrt. This made only 36 m of new open hole available for logging. 

The first run with the FTC-GR stack recorded a single downward pass, DFDP-2B_R36_P1, 
from the bottom of casing to total depth where temperature now was 62°C. 

The second run was with the ABI40-SGR stack. A first down going low resolution pass, 
DFDP-2B_R37_P1, was recorded from casing bottom to total depth for inclinometry. The 
upward high resolution pass, DFDP-2B_R37_P1, was recorded from total depth to 477 mbrt 
to overlap with run 28. Tilt reaches 21° towards 322° (with respect to magnetic north). The 
formation amplitudes are higher than in many previous runs, yielding good quality images. 
An outstanding gamma ray low anomaly just above 505 mbrt corresponds to clearly imaged 
~60 cm thick layer that dips toward 124° (with respect to magnetic north). 

Session 15 DFDP-2B Run 38-42 2014-11-19 & 20 

Session 15 was initiated as drilling operations were being halted for a few days to prepare a 
new BHA. Total depth had reached 547 mbrt, making 22 m of new open hole available for 
logging. 

The first run with the FTC-GR stack recorded a single downward pass, DFDP-2B_R38_P1, 
from the bottom of casing to total depth where temperature reached 62°C. 

The second run was with the ABI40-SGR stack. A first upward high resolution pass, DFDP-
2B_R39_P1, was recorded from total depth to 519 mbrt to overlap with run 37. The formation 
amplitudes are similar to those of run 37 and yield good quality images. A second up going 
low resolution pass, DFDP-2B_R39_P2, was recorded from 519 mbrt to casing bottom for 
inclinometry. Maximum tilt reached 23° near total depth. 
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The third run was with the QL40-CAL alone to check whether this would facilitate opening the 
caliper arms. A single upward pass, DFDP-2B_R40_P1, was recorded from total depth to 
bottom of casing. Again, the arms do not fully open during the first 100 m of log. 

The fourth run was with the DLL to monitor the evolution of invasion. Both a downward, 
DFDP-2B_R41_P1, and an upward, DFDP-2B_R41_P2, pass were recorded between total 
depth and bottom of casing. 

The fifth run used the FTC-GR stack to monitor temperature evolution. A single down going 
pass, DFDP-2B_R42_P1, was recorded from bottom of casing to total depth. Temperature 
now reached 73°C at total depth. 

Session 16 DFDP-2B Run 43 2014-11-24 

Drilling had not yet resumed since November 19th and session 16 was launched to monitor 
the temperature evolution during this long time without circulation. 

A single down going pass, DFDP-2B_R43_P1, was recorded from the top of the hole to 523 
mbrt where it was obvious that the tool was not descending any more probably due to heavy 
mud sedimentation at the bottom of the hole. Later analysis of the temperature data suggests 
the tool stopped descending around 500 mbrt where the measured temperature gradient 
dropped. The absence in this run of the previously observed gamma ray anomaly at 505 
mbrt confirms that the tool did not reach 505 mbrt. The maximum measured temperature was 
79°C. 

Session 17 DFDP-2B Run 44 2014-11-26 

Drilling having not yet resumed on November 26th, an extra run was launched to monitor the 
temperature evolution with a closer data spacing than for previous runs. It recorded a first 
down going pass, DFDP-2B_R44_P1, from the top of the hole. The tool sat around 428, 460 
and 476 mbrt and had each time to be raised and lowered to continue its descent. The pass 
ended at 498 mbrt where the tool stopped descending. Another pass, DFDP-2B_R44_P2, 
was attempted from that depth but did not succeed going deeper and was thus aborted. The 
maximum measured temperature was 79°C as in the previous run. 

Session 18 DFDP-2B Runs 45-47 2014-12-04 

Drilling had progressed and total depth was 828 mbrt when session 18 was launched. 
Temperature was now a limiting factor for most tools rated around 70°C. The plan was then 
to take advantage of the first few hours after the end of circulation to run standard tools 
before temperature rose too much above their ratings and then run the high temperature 
ABI43 tool that had just arrived on site to replace the ABI40. 

The first run stack included the FTC to check temperature, the sonic, FWS, and the gamma 
ray, SGR. A first down going pass, DFDP-2B_R45_P1, was recorded from the bottom of 
casing. Below 770 mbrt where 78°C was reached, the logging speed was increased to 
8m/min to limit tool exposure time to high temperature. The pass was terminated when 
temperature reached 82°C at 812 mbrt and the tool stack pulled up. Two short (~1m) upward 
repeat sections were recorded around 750 mbrt, DFDP-2B_R45_P2, and 699 mbrt, DFDP-
2B_R45_P3. 

The second run was with the DLL. Given the high temperature recorded by the FTC just 
before, the plan was to record a downward pass and then pull the tool up as fast as possible. 
A first down going pass, DFDP-2B_R46_P1, was thus recorded from the bottom of casing 
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and was stopped at 739 mbrt where it was suspected that the tool had sat. The tool was then 
pulled up to and an upward pass, DFDP-2B_R46_P2, was recorded from 696 to 555 mbrt to 
verify that the system worked correctly. This pass being successful, a down going pass, 
DFDP-2B_R46_P3, was recorded from 674 mbrt to total depth, after which the tool was 
quickly pulled up. 

The third run was with the ABI43. This tool could not be stacked with the available QL40-GR 
or QL40 SGR and was thus run alone. A first short (< 1m) test pass, DFDP-2B_R47_P1, was 
recorded around 280 mbrt with full waveforms. Then a low resolution downward pass, DFDP-
2B_R46_P2, was recorded from that depth to 817 mbrt where the tool sat and recording was 
stopped. The tool was raised to 810 mbrt where another downward pass, DFDP-
2B_R47_P3, was started but stopped again when the tool sat at 816 mbrt. A third attempt, 
DFDP-2B_R47_P4, that started at 811 mbrt was more successful and reached 825 mbrt. A 
high resolution upward pass, DFDP-2B_R47_P5, was then started from that depth but was 
aborted at 822 mbrt when it was realized that detected echoes were mainly artifacts and 
rarely from the formation. A short upward pass, DFDP-2B_R47_P6, was then recorded from 
822 to 821 mbrt to test different window parameters. Another upward pass, DFDP-
2B_R47_P7, was recorded from 821 to 811 mbrt. The images were still poor but improving, 
suggesting that the tool might have become coated with thick mud while trying to lower it 
below 817 mbrt. It was then decided to move the tool up and down to get rid of that coating 
after what a new test upward pass, DFDP-2B_R47_P8, was recorded from 813 to 789 mbrt. 
The images slightly improved and the tool was lowered again for the main high resolution 
upward pass, DFDP-2B_R47_P9, that began at 816 mbrt, to avoid hitting bottom thick mud 
again, and terminated at 539 mbrt, where it overlapped with run 39. Two short (<3m) upward 
passes, DFDP-2B_R47_P10 and DFDP-2B_R47_P11, were recorded around 541 mbrt to 
test different window parameters. These tests did not yield significant improvements and thus 
the tool was pulled out of the hole and the run terminated. 

The BSS, that can sustain temperature up to 120°C, was then rigged up for run 48 and send 
down the hole but was stopped around 10 mbrt by mud density. The run was then aborted 
and there is no data file corresponding to it. 

Session 19 DFDP-2B Runs 48-51 2014-12-09 

As drilling reached 893 mbrt, it was surmised that the borehole started penetrating the 
damage zone around the fault. The plan called for casing and cementing the hole before 
starting to core. Session 19 was thus launched to log the deep part of the hole before casing 
it. As for the previous session, temperature limited the amount of runs with standard tools. 

As in the previous session the first run was with the FTC-FWS-SGR stack. A first down going 
pass, DFDP-2B_R49_P1, was recorded from the bottom of casing to 823 mbrt where 79°C 
was reached. The pass was then terminated and a new pass was begun with a larger 
sampling interval to allow for a higher logging speed and limit the tool exposure time to high 
temperatures. This second down going pass, DFDP-2B_R49_P2, started from 823 mbrt and 
continued to total depth where temperature reached 83.7°C. The tool was then pulled up fast 
until measured temperature was back to 80°C at 751 mbrt where an up going pass, DFDP-
2B_R49_P3, was started for sonic measurements. This pass ended at 384 mbrt where it 
overlapped with the last deepest up going sonic log of run 32. 

The next run was with the DLL. The tool was sent downhole unpowered to total depth to limit 
internal temperature. At total depth the tool was powered but a communication was not 
established. This issue was resolved by replacing the acquisition Matrix box with another 
one. This however meant that the depth encoding was lost and had be reset manually to 893 
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mbrt. An up going pass, DFDP-2B_R50_P1, was then recorded from total depth up to the 
bottom of casing. 

The last run was with the ABI43 tool. It was decided to record full wave passes on the way 
down to help identify the multiples of the tool internal echoes and their variations with 
temperature or depth. 

Seven full waveform passes, DFDP-2B_R51_P1 to DFDP-2B_R51_P7, were thus recorded 
during the descent of the tool to total depth. First two short (<1m) high resolution up going 
passes were recorded at the top, DFDP-2B_R51_P1, and bottom, DFDP-2B_R50_P2, of 
casing. A larger vertical spacing down going pass, DFDP-2B_R51_P3, was then recorded 
from 261 to 406 mbrt where it was stopped because formation echo was lost. A new down 
going pass, DFDP-2B_R51_P4, was started from that depth with adjusted formation echo 
window parameters and stopped at 495 mbrt where a new pass, DFDP-2B_R51_P5, was 
started again with adjusted window parameters. This pass was stopped at 776 mbrt when it 
was felt that tool had sat. A short up going pass, DFDP-2B_R51_P6, was recorded as the 
tool was being pulled up from 776 to 766 mbrt. The descent resumed with the next pass, 
DFDP-2B_R51_P7, that started at 766 mbrt and reached total depth. 

During the main upward high resolution log, echo window parameters were adjusted very 
often in an effort to improve the detection of the formation echo. Because each adjustment 
required stopping the current pass and initiate a new on, this results in numerous passes.  

First three short (<4m) upward test passes were then made near total depth to adjust echo 
window parameters: DFDP-2B_R51_P8 to DFDP-2B_R51_P10. DFDP-2B_R51_P8 was 
aborted before any significant amount of data had been recorded and the file was thus 
discarded. A first main upward pass, DFDP-2B_R51_P11, was recorded from 886 to 817 
mbrt where it overlapped run 47. A test pass, DFDP-2B_R51_P12, from 821 mbrt to 817 
mbrt did not improve the images. The tool was thus lowered again and a second main pass, 
DFDP-2B_R51_P13, was recorded from 821 mbrt to 797 mbrt. Three further test passes 
were recorded, DFDP-2B_R51_P14 from 801 to 798 mbrt, DFDP-2B_R51_P15 from 799 to 
792 mbrt, and DFDP-2B_R51_P16 from 796 to 791 mbrt, but they barely improved the 
situation. Another test pass, DFDP-2B_R51_P17, was recorded from 758 to 756 mbrt where 
run 47 had yielded poor images; it did not yield significant improvement. 

Finally two full waveform low vertical resolution passes were recorded on the way up: the first 
one, DFDP-2B_R51_P18, from 742 mbrt to casing bottom and the second one, DFDP-
2B_R51_P19, from bottom of casing to top of the hole for caliper calibration purposes. 

Session 20 DFDP-2B Run 52 2014-12-13 

This last session was launched to help locate the casing rupture that led to cementation 
problems. The plan was to run the most sensitive gamma ray tool, the SGR512, within the 
HWT drill pipe and check the difference in attenuation between cased and open intervals. It 
was inferred that the casing was open in the interval 436-440 mbrt. The pipe had been 
lowered to 447 mbrt and total depth of open hole was 448.5 mbrt. 

The only run was thus with the SGR512 tool. The tool was lowered to 447 mbrt so that it 
would still be within the pipe, except its very bottom. The first pass, DFDP-2B_R52_P1, was 
then recorded upward from 447 to 434 mbrt. A clear attenuation of total gamma ray above 
435.5 mbrt identified the top of the uncased interval. However no attenuation was observed 
below that depth suggesting the uncased section extended at least to 447 mbrt. To verify this 
it was decided to bring the tool deeper. The second pass was recorded downward from 446 
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to 448 mbrt. It showed an increase of gamma ray below 446.5 mbrt, suggesting the sensor 
had come out of the pipe. The descent was then stopped and an upward pass was recorded 
from 448 to 444 mbrt. These log confirmed the absence of significant attenuation below 436 
mbrt suggesting the open section continued at least down to 448 mbrt. The tool was then 
pulled up and a short pass was recorded upward between 271 and 257 mbrt to measure the 
attenuation due to the first casing that terminated at 263 mbrt. 

This 52nd run of the 20th logging session closed the DFDP-2 logging operations at Whataroa. 

A7.5 DATA AND POST-OPERATIONS ANALYSIS 

A7.5.1 Depth Matching 

A depth adjustment between different logs was derived by correlating recognizable features. 
This work is detailed in Lea Remaud Master's thesis Remaud [2015]. The resulting depth 
correction is linear with: 

Zcorrected = (Zraw+offset)/slope 

where Zraw is the raw depth from the *.tfd file, Zcorrected is the corrected depth that best 
matches the reference log, and offset and slope are given in Table A7. 5 

A7.5.2 Compilation 

A compilation of logs, a few drilling parameters, and cutting analysis results is shown in 
Figure 35 of the main text. This compilation includes all recorded logs, except conductivity 
measured by the FTC, spectral gamma ray, pressure, and spinner (fluid flow) logs.  

The rate of penetration (ROP) has been compiled from the geologists' notebook. The mud 
losses have been compiled by Jamie Coussens, based on the height variations in the return 
mud pits and are presented on a relative scale (1 – 3) from small to large. 

BHTV travel time were converted to diameter by fitting circles to each depth section and 
using the following velocity of sound in mud:  

velocity=(1489.5467+1.3385*Temp)*sqrt(mud_density_R02P4/mud_density) 

where Temp is the temperature measured during the FTC run preceding the BHTV run, and 
mud_density_R02P4 and mud_density are the density of the mud measured by hand during 
pass DFDP-2B_R02_P4 and during the analyzed pass, respectively. The quality of the 
resulting BHTV caliper logs for the 545 – 817 mbrt interval acquired with the ABI43 is 
evaluated by indicating the depths where at least 75% of the azimuthal points fitted the circle 
(green ticks in column 4). 

The BHTV magnetic field sensor is not designed to accurately measure magnetic intensities, 
but in the absence of other logs is used as an indicator. Anomalies of the BHTV magnetic 
field >2µT suggest the presence of either drilling-related metallic parts or magnetic minerals.  

Temperature logs were acquired at different times, and in some case after several days, after 
the end of circulation. The "DTS" annotation refers to the significant change of temperature 
gradient observed on the Distributed Temperature Sensing logs acquired in January, March 
and May 2015 by the fiber optic cable installed in the well. 
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The ultrasonic image shown in Figure 35 columns 14 – 15, is a composite of a selection of 
the best BHTV image logs. Abrupt changes of acoustic amplitude, magnetic field and caliper 
are related to changes of log run or of tool string that are indicated in the magnetic field track 
(column 10). The BHTV image quality is evaluated with a scale from 1 (bad, no interpretation 
possible) to 5 (good, >75% azimuthal coverage and no artefacts). 

A7.5.3 Temperature 

DFDP-2B drilling operation interruptions meant that in few situations, temperature logs could 
be acquired at different times after the end of circulation and that, in a few cases, these times 
are measured in days and provide a good record of the temperature rebound in the borehole 
fluid. This particularly well expressed in the sequences of DFDP-2B_R04_P1, R09_P1 and 
P2, R10_P1, R16_P1, and R25_P1 (Figure A7.1), of DFDP-2B_R27_P1 and P2, R29_P1, 
and R35_P1 (Figure A7.2) and of DFDP-2B_R38_P1, R42_P1, R43_P1, and R44_P1 
(Figure 36). Figures A7.1, A7.2, and 36 incorporate raw depths. 

A7.5.4 Sonic velocities 

Preliminary velocity logs were obtained by semblance analysis of sonic data from DFDP-
2B_R23_P4 and DFDP-2B_R49_P3. These preliminary velocities and the quality of these 
determinations are shown in Figure 37 and listed in Table 13. The majority of the hole data 
are of intermediate to poor quality; this has led to an initial interpretation with anonymously 
low or high velocities that are probably not realistic in several depth intervals. Further 
processing is required to improve our confidence in these determinations. 
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Figure A7.1 Natural gamma, temperature, and fluid conductivity data acquired during logging runs 4, 9, 10, 
16, and 25. 
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Figure A7.2 Natural gamma, temperature, and fluid conductivity data acquired during logging runs 27, 29, 
and 35. 

A7.6 CONCLUSIVE REMARKS 

A few lessons learned from logging operations at Whataroa could prove useful for future 
operations in a similar context.  

First, the high geothermal gradient meant that the tool operating range was reached around 
450 mbrt. Logging below that depth had to be done within cooled mud within a short time 
window after the end of circulation. 
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Second, proper centralization of the sonic and ultrasonic tools (ABI and FWS) was becoming 
more important as the hole tilt was increasing. 

Finally and eventually foremost, the amplitudes recorded by borehole televiewer are variable 
and low, below 500 for most passes, compared to those, above 1500, obtained in fresh water 
in shallow boreholes. A likely cause of this attenuation that rendered data acquisition difficult 
despite an effort to best adjust the formation echo gate, is to be sought in the drilling mud 
viscosity. Thus, if good quality image logs are important, either the choice of drilling mud 
should take into account its acoustic properties, or substituting the drilling mud with a less 
viscous but equivalent density mud for logging should be envisioned.  

A7.6.1 Reference 

Remaud, L. (2015), Study of the damage zone around the Alpine Fault, New Zealand, from borehole 
data of the Deep Fault Drilling Project (stage 2), MSc thesis, 61 pp, Université Joseph Fourier, 
Grenoble. 
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APPENDIX 8: GEOLOGICAL SAMPLE PROTOCOLS 

A8.1 DOCUMENTATION OF DRILLING PROGRESS AND SAMPLES 

The lead geologist or their nominee is responsible for documenting the drilling process (time, 
depth, rod changes, samples, pump strokes on drill rig). This documentation is undertaken 
by completing a log in the yellow notebooks (Figure A8.1). The left hand page contains 
columns for time (NZ standard time in 24 hour format), depth (recorded every metre, and at 
rod changes or delays in drilling), sample/pump strokes/note of rod change or information 
about a delay. The right hand page is a plot of depth vs. time, with samples and rod changes 
or delays annotated. 

 
Figure A8.1 Example of drilling log made by lead geologist onsite. 

Notes: 
1. Drillers mark new casing with red line at ~1m intervals. Determine depth for top of 

this casing (=depth for bottom of last casing), and measure distance between red 
lines. Construct schematic diagram on right hand page of yellow notebook 
illustrating depth of casing join and depths of red marks.  

2. Annotate depths at which samples are recovered. 
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3. Annotate with any other information the drillers provide about rate of progress, 
loss or gain of fluid in mud system, changes in drilling methodology, changes in 
amounts and grain size of cutting yields, etc… 

4. List samples with time taken and depth clearly indicated on left hand page of 
yellow notebook. 

5. You may also wish to plot / add to existing plot of rate of progress (ROP) as 
shown  

A8.2 HANDLING ROCK CUTTINGS 

A8.2.1 Introduction 

The First Phase of the Deep Fault Drilling Project (DFDP-2), Alpine Fault, was carried out 
from October-December 2014 in the Whataroa River Valley, South Westland, New Zealand. 
The operational plan involved rotary drilling through the hanging wall of the Alpine Fault until 
the inferred target depth to initiate coring (Phase 2 of the project) was achieved, 
approximately co-incident with the mylonite-ultramylonite transition, expected at 
approximately 800 m below the surface, and ~300 m above the Alpine Fault. Operational and 
engineering difficulties were encountered during Phase 1, so after this phase ended at 893 m 
drilled depth (~800 m below the ground surface due to borehole inclination), the borehole 
was completed and Phase 2 was never carried out. 

During phase 1, we collected cuttings at an interval of ~2 m (depending on drilling method 
and rate; see section 2.1), photographed, logged, sub-sampled, bagged, labelled, and 
archived these samples; and entered data into the DIS system. 

In this document we define protocols that were followed for:  
1. Collection, analysis, and archiving of the cuttings  
2. Data management  

These protocols were revised as drilling proceeded during DFDP-2 and are consequently 
presented in the present tense. This particular version of the protocol has been checked and 
updated after drilling was completed. 

A8.2.2 Technical details / notes 

Dates and times are given in the NZ system (day/month/year) and NZ daylight time (NZST) 
OR NZ daylight savings time (NZDT) is used throughout. The time change occurs on 28 
September 2014 at 2.00 AM. Please note the current time zone when making notes onsite. 
When you arrive, please sync all cameras/cellphones used for taking photos onsite to NZST 
or NZDT. This will give us an accurate log of all activities carried out onsite.  

A8.2.3 Naming of Cuttings and Mud Samples: 

All samples will be named as follows: 

“DFDP-2B_top depth_bottom depth_Suffix”” 

Where “top depth” is the depth of the drill bit at the time the cutting collection was initiated, 
and “bottom depth” is the depth of the drill bit at the time of final sampling. If these are the 
same depth, then the bottom depth will be repeated twice. 

The Suffix is “Cu” for a coarse (sieved > 1mm) cuttings sample, and  
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“Mu” for a (fine-grained, not sieved) mud sample 

If a more precise estimation of the depth of origin of a cuttings sample will later be needed, 
drill mud lag-time and drilling penetration rate estimates can later be used to estimate this. 

A8.2.4 Drill site operation 

Basic information about depth, time, etc to be documented in yellow notebook as per 
instructions in Section 15.1. 

The cuttings and mud samples will be brought to the surface in the mud recirculation system 
and collected at the outlet pipe. By the start of December 2014, we were taking a cuttings 
(Cu) sample every 2 meters, and a mud (mu) sample every 3 meters. Every other cuttings 
sample was thin-sectioned. This sampling density was mostly maintained, but occasionally 
modified due to operational aspects as the drilling progressed.  

A8.2.5 Mud (Mu) Samples 

Fill a 20L plastic paint pail with the drilling mud. Label this bucket with depth the bit had 
progressed to at the time the sample was taken. Put a lid on the bucket and set it aside so 
that the sediment can settle. After 24 hours, pour off the water at top (through a sieve). When 
the water becomes a clay-rich slurry:  

a. Pour some of this slurry into a plastic urine bottle and label as “DFDP-2B-Depth-
Depth_Mu_Clay”. This will be used for XRD analysis. This sample bottle should 
be placed in a small ziplock bag which is labelled with a printed DIS label on the 
outside (“DFDP-2B-Depth-Depth_Mu”. By hand (using a sharpie), add the word 
“Clay” to the end of this printed sample number. 

b. Also pour some of the slurry into a white LD-PVC bottle.  
c. Then extract a large sample of the clay/silt/sand cake at the bottom of the bucket 

into the same bottle. 
d. Label the lid of the bottle (DFDP-2B, Depth, Depth_Mu) in vivid marker.  
e. Apply a third, external label that has been generated by the DIS to the side of this 

bottle.  
f. Store both the clay sample and the bottle together in the core logging shed. 

A8.2.6 Cuttings (Cu) Samples 

1. Use a sieve size of 1-2 mm held under the stream of mud and cuttings flowing 
from the wellhead. [Note that in times where very fine cuttings were collected 
after the start of drilling following downtime, the sieve was wrapped in a 
cheesecloth and the cuttings were washed from the cheesecloth (e.g. DFDP-2B 
depths: 496, 498 and 500m Cu samples). We also sometimes used an additional 
mesh with a wire spacing of 0.143 mm from 06:00 on 27 Nov 2014 until the end 
of sampling on . Cutting samples taken with these various additional meshes in 
place were noted in the DIS]. Assemble four, fist-sized aliquots of the 
cuttings: 

- This first aliquot is the archive sample (Cu-Ar). It is unwashed and is placed 
directly into a sealed plastic bag. This may be either a zip-lock bags for which a 
range of sizes are available or large open plastic bags (for largest volume of 
samples) which require later sealing using the impulse sealer. Label this bag in 
vivid marker with “DFDP-2B_ depth_depth_Cu_Ar”). 
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- The second aliquot is a washed cuttings (Cu) sample. It is rinsed in stream 
water and sealed wet into a plastic bag. This may be either a zip-lock bags for 
which a range of sizes are available or large open plastic bags (for largest 
volume of samples) which require later sealing using the impulse sealer. Label 
this bag in vivid marker with “DFDP-2B_ depth_depth_Cu”). 

- The third aliquot is washed and placed on the hot plate in a foil pie tin. After 
drying, this sample will be removed of magnetic material using a magnet, then 
photographed in the DMT scanning room and then examined by the logger 
under the binocular microscope. The split will be retained as a reference sample 
on the logging table. 

- The fourth aliquot (if this is to be a thin sectioned sample) is washed and 
placed on the hot plate in a foil pie tin. After drying, this sample will be removed 
of magnetic material using a magnet. The lapidary team will use this aliquot to 
prepare a Rock (R) and Quartz (Q) thin-section of the cuttings material. After the 
thin-section mounts have been prepared, any remaining (now separated) material 
for the Q and R thin-sections will be put in separate, small labelled ziplock bags 
(one for Q, one for R) and stapled to the rest of the Cu cutting sample bag. 

2. DIS entry person records the basic sample data (sample name, time, depth) into 
the DIS system. 

3. He/she prints out 2 sample labels for this sample using the DIS system. One is 
affixed to the Archive (Cu_Ar) sample, and one to washed (Cu) sample. Label the 
two smaller ziplock bags that will contain the remnant thin-section material by 
hand (e.g., DFDP-2B_489_489_Cu_R” and DFDP-2B_489_489_Cu_”Q”). These 
will be stapled to the Cu and Cu-Ar sample bags to form a bundle for storage. 

4. The sample (third aliquot) is photographed (See Section 2.4, below), then 
brought into the clean lab to the binocular microscope area for the cuttings 
analyst to examine. 

5. Upload the photograph to the DIS. 
6. Print out a hard copy of the DFDP Cuttings Description form, including this 

photograph embedded into it. 
7. Macroscopic description is performed using the fields available on the DFDP 

Cuttings Description form (See Section 2.5, below).  
8. After this description is complete, the macroscopic description data is transcribed 

(by the DIS entry person) from the hard copy to the DIS version of the “DFDP 
Cuttings Description” data entry Form.  

9. The samples are stored for up to 3 days on-site (un-refrigerated), before being 
transported to Dunedin. 

10. When the thin-sections are completed, SCAN them. The Rock thin section should 
be scanned in Plain Light. The Quartz section should be scanned using Crossed-
Polarized light. Scan the thin-sections (Plain and Crossed-polars) on the flatbed 
scanner. Scan these at as an enlarged scale as possible and print out the scans 
to use for annotation and navigation/reference when examining the thin-sections. 
Be sure that the sections are placed face down on the scanner so they have the 
same configuration as the thin-section view under the microscope. Put the files in 
the folder called, “Thin Section Scans”on the Desktop of the DIS client 
computer. 
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11. The thin-sections for each cuttings sample will be observed and logged 
microscopically by a member of the Cuttings Analysis team. Open a copy of the 
“Onsite_Cuttings Analysis Template.xls” that is on the Desktop of Dave’s 
laptop to a new file and rename it and save that renamed file into the Desktop 
folder called, “DFDP Cuttings Thin Sections Data”. The new name should 
incorporate the full sample number (including depth interval sampled). This 
microstructural description includes: 

- a general petrographic description (on the top worksheet of the spreadsheet), 

- a quartz-specific microstructural description (on the second worksheet of the 
spreadsheet), and 

- a quartz mean grain-size estimation (lowest worksheet, using line intercept 
method). The quartz grain size data should be attempted ON PURE QUARTZ 
fragments ONLY. These will be the very coarsest ones in the Q section. 
Undertake at least two horizontal and two vertical transects per quartz fragment 
and use medium power. Do this up to on 4 fragments if they are available as pure 
quartz ones.  

- Also measure maximum lengths of biotite and muscovite grains using known 
scales for the objective used and record on this worksheet in the labelled cells for 
these data. 

12. The microscopic log data were saved on the CLEAN_LAB_MAC laptop computer 
in Dave Prior’s microstructural data entry spreadsheet. The data files are “held in 
the folder, “DFDP-2B Cuttings Thin Sections Data” 

13. A tabular summary of the microstructural observations (e.g. sample depth, basic 
petrography, quartz microstructural features, mean quartz, mica grain sizes) were 
compiled on the separate quartz “Summary Q grain size data.xls” which is in 
the folder “DFDP-2B Cuttings Thin Sections Data” (on Desktop of Dave’s 
laptop). Update this spreadsheet by copying and pasting the data from the 
(Renamed) Onsite_Cuttings_Analysis spreadsheet into the Summary Q grain 
size data.xls spreadsheet. 
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A8.2.7 Photography of cuttings sample 

1. Lay cuttings on laminated cm scale grid positioned below camera 
2. Turn on laptop linked to camera 
3. Turn on light and camera. The camera to be used is a Cannon EOS1100D Digital 

Single Lens Reflex Camera (DSLR) with a Sigma 50 mm F2.8 DG Macro Lens. 
The mode of the camera may be turned to Manual (M) or recommended (P) by 
turning black dial on the camera The camera position is to be fixed on a copy 
stand 

4. On turning on camera EOS Utility Box should turn on: 

- Chose “Camera settings/Remote Shooting” 

- Ensure aperture, ISO and camera control has correct settings 

- Click “live view shoot” on the right 
5. To modify illumination for M mode adjust the exposure by right clicking on the 

shutter speed setting (shown as 1/20s). In P mode adjust the exposure 
compensation. 

6. Focus by double clicking in the middle of the two rectangles that float on the live 
image. The outer box is the pixel preview (zoom) box. It is best to focus on the 
top of the sample. 

7. To achieve white balance ensure at least 10% of the field of the view is filled with 
white (e.g. from a scale bar) in auto mode. Alternatively in custom mode with a 
small amount of white in the image, click on the white balance eyedropper tool 
and then click on a spot on the image that is white. 

8. A good aim for optimal exposure is to aim for two spikes at either end of the 
histogram on EOS interface with a curve in the middle of the sample. This will 
give the greatest contrast in the final image. 

9. Press round button on onscreen dialogue to take photo of cuttings sample. 
Ensure colour bar and DIS print out of label are clearly shown on photo. 

10. Once a day, share the desktop folder on the GEOL6400-PC, by right clicking on it 
and selecting “share with>Homegroup(read/write)” 

11. Files will be generated in desktop folder with today’s date. Rename them with 
5052_2B_- Depth_Depth. Upload image to DIS on client laptop in Clean Lab [you 
will have to navigate to the file via the networked computers, in 
Network>GEOL6400-PC>Users>Student>Desktop>TodaysDate.] 



 

 

176 GNS Science Report 2015/50 
 

A8.2.8 Macroscopic description of the cuttings samples 

 
Figure A8.2 Visual Cuttings Description (VCutD) form. 
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1. Fill in “Exp”[edition] (= DFDP), “Site” (= 2), Hole no (=B), “Cuttings Label,” “Top 
depth” [use Bottom Depth] and “Lag Depth [use Bottom Depth]” fields on the 
upper left of the DFDP Cuttings Description form (Figure A8.2) with the 
appropriate data. Also fill in the names of the “Observers” and the “Date”  

2. In the “Comments” Field, summarize the overall assemblage of fragment types, 
including the inferred mylonite zone unit from which they were derived 
(protomylonite zone, main mylonite zone, ultramylonite zone, cataclastite zone, 
etc.). For help with this section refer to the document entitled, 
“2014_Onsite_Geology_Subteam/Cuttings Analysis 
Stuff/Cuttings_Qualitative_Criteria_Zonation.”  

3. For each distinguishable fragment/lithic type in the sample, estimate the 
proportions of Gravel (>2mm), Sand (>60 microns and <2 mm), and Clay sized 
(<60 microns) particles of this type (see Figure A8.3 for reference) and enter 
these percentages into the appropriate fields of the form illustrated in Figure 
A8.2. 

 
Figure A8.3 Grain size and modal percentage estimation comparator. 

4. For each distinguished fragment type, specify the Rock Class in the “Rock Class 
Field.” “Rock Class” refers to the overall rock assemblage being penetrated not to 
a specific lithology.  

Examples include: 

SCHist 

PROTOMYLonite 

MYLonite 

Ultramylonite 

QUATernary sediment 

Cataclastic rocks 

Gouge 
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5. For each distinguished fragment type, specify the rock type in the “Rock Type 
Field”  

Possible Examples include: 

Mafic schist 

Mica-quartzofeldspathic schist (or mylonite or ultramylonite) 

Feldspar-quartz schist (or mylonite or ultramylonite) 

Quartzose/siliceous schist  

Vein fragments 

Cataclasite fragments 

Single crystal fragments 
6. For each distinguished fragment type, specify the rock colour in the “Colour 

Field.” 
7. For each distinguished fragment type, specify the fragment angularity and 

sphericity class in the “Angularity” Field using the Wadell (1932) chart (Figure 
A8.4). 

 
Figure A8.4 Sand sphericity and roundness. 

8. For each distinguished fragment type, specify the minerals that can be 
recognized in it in the “Minerals” Field. In the DIS use the pick-list that is opened 
by clicking the icon labelled, “”Chip Type 1, Chip Type 2..”on the RH margin of 
the form. 

Examples: Garnet, biotite, white mica, plagioclase (or “feldspar”), epidote, amphibole, 
chlorite, quartz, calcite 

Identify which of the above-cited minerals may occur as coarser-grained (indicate 
their size)  

porphyroclasts (e.g., garnet, feldspar), or 
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porphyroblasts (e.g. biotite), or  

mica fish  
9. For each distinguished fragment type, specify the foliation lamination thickness 

that can be recognized in the “Foliation” Field. In the DIS, use the pull-down 
list. 

Options are: 

INVISIBLE, 

HAIRLINE, 

SUB-MM, 

MM, 

>MM. 
10. The “Foliation Type” Field is used to provide further information about the 

foliation 

In the DIS use the pick-list that is opened by clicking the icon labelled, “”Chip Type 1, 
Chip Type 2..”on the RH margin of the form. Select all catagories that may apply to the 
sample. 

These include: 

Presence of any crenulations 

Presence of planar foliation laminae 

Presence of wavy foliation laminae 

Presence of shear bands  

Presence of strain shadows (specify porphyroclast type, and infill assemblage if 
possible as additional comments)  

Presence of mica fish (specify mineral as additional comment)  

Presence of lineations on the foliation surface, including the following subtype: 

Mica streak 

Intersection 

Stretching 
11. For each distinguished fragment type, specify the veins present in it in the 

“Veins” Field. 

Possible examples: 

Biotite gash veins (thickness)  

Quartz veins, deformed (thickness)  
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Quartz veins late, or gash, (thickness)  

Calcite veins, deformed (thickness)  

Calcite veins late, or gash, (thickness)  
12. In the “Thin Section Sample” field indicate what sub-samples were taken of the 

cuttings  

Options are: 

Rock (R) only 

Rock (R) and Quartz (Q) 

Sub-Sampling of Cuttings for Microscopic Analysis and Submission to Lapidary Team 
for Thin-Section Mount Preparation 

From the cuttings sample, take out a subsample of:  

i. the coarsest possible (>2 ) representative lithic chips. Label it with the cuttings 
sample number to which has been added the suffix “R” (for rock). 

ii. the coarsest possible (>2 ) representative quartz-rich fragments/veins. Label it 
with the cuttings sample number to which has been added the suffix “Q” (for 
quartz) 

Place chips in tin dish. Rinse chips with de-ionised water, then ethanol. Dry on hot 
plate. when dry, 

A8.2.9 Registration of Sample, Entry of Cuttings Log Data (“DFDP Cuttings 
Description” Form) into DIS by Curator 

1. Open DIS-DFDP2 from desktop shortcut. 
2. Open CUTTINGS input from by ‘Shortcuts>Input forms>CUTTINGS’ 
3. Click the ’new’ button at bottom of window for each sample 
4. Work sequentially through the various required input fields, best using the tab 

key. Note that ‘Lag Depth’ = bottom depth. 
5. Click the ‘save’ button at bottom of window  
6. If you need to edit any sample data use the ‘edit’ and ‘save’ buttons at bottom of 

the screen 
7. Print labels using the ‘Label’ button at bottom of the cuttings input form, and the 

‘print current displayed label’ button. You may have to print these from the server 
computer, rather than the client. 

8. Upload photographs using the ‘Picture Archive’ tool (instructions in the DIS 
manual).  

9. Generate a printed DFDP Cuttings Description (visual cuttings description) form, 
by selecting ‘Shortcuts>Reports>CUTTINGS VCutD’. Print the appropriate page 
of the pdf that is generated (NOT all the pages!!!) – you may have to right click on 
the displayed page to select ‘print’. Give this form to the person who will describe 
the cuttings. 

10. Once the description has been handwritten on the VCutD form, enter the 
descriptions into the Cuttings Input form.  
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A8.2.10 Storage and Archiving of Cuttings Samples 

We will store Cuttings samples in core boxes. Place the shallowest sample in the top left of 
the box and progressively younger samples toward the right and then down the page (like 
you read a book). The remnant billets/mounts for the thin sections should be hand labelled 
and placed in the Q and R ziplock bags with the remnant thin-section material that is 
attached to the rest of the Cu sample bundle. 

A8.3 HANDLING CORE 

A8.3.1 Technical details / notes 

Dates and times are given in the NZ system (day/month/year) and NZ daylight time (NZST) 
OR NZ daylight savings time (NZDT) is used throughout. The time change occurs on 28 
September 2014 at 2.00 am. Please note the current time zone when making notes onsite. 
When you arrive, please sync all cameras/cellphones used for taking photos onsite to NZST 
or NZDT. This will give us an accurate log of all activities carried out onsite.  

A8.3.2 Drill site operation 

The target core diameter will be PQ3 (83 mm) diameter core; however operational 
contingencies may dictate that a smaller diameter will instead be used (e.g., HQ3 = 61 mm).  

Upon removal of core from the ground: 
1. Coring run information is obtained from drillers and core recovery log is initiated. 
2. Core catcher is measured, photographed, extracted, and logged by the #3 core 

logger. 
3. Coring overseer and assistant retrieve core from drillers, and deliver to table. 
4. Core laying in the aluminum split is cleaned by gentle washing with de-ionised 

water, then the core is rolled by 180° and transferred into a series of up to three 
overlapping, 1-m long pvc splits; then the newly exposed half of the core is 
washed.  

5. The core is then assembled/fit back together and marked with two orientation 
reference lines (one red, one blue). The orientation of the core within these splits, 
and the selection of the chosen reference lines will be determined by the fragility 
of the core and its ease of handling. If it is very fragile no further rotation of the 
core will be undertaken (See Section 2.3). 

6. The core is cut or broken into ~97 cm lengths. 
7. The core is labeled and DMT scanned. 
8. Ephemeral property/MAD samples are taken. 
9. Core logging forms (incorporating the DMT scans) are printed. 
10. Core is boxed and photo of boxed cores are taken. Core is glad-wrapped. 
11. Box is taken to logging table. Core is then described and logged. After logging is 

complete (aim for within ~1 hour of recovery of the core section from the 
borehole): 

12. Core is sealed in lay-flat plastic tubing, placed in labeled (via DIS label printer) 
core trays, and stored for up to 2 days on-site (un-refrigerated), before being 
transported to Dunedin. 
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A8.3.3 General notes on core handling 

1. Gloves should be worn by core curators at all times when handling core 
2. Do not poke clay-rich intervals! 
3. During handling, the core should always be positioned so that the top of the core 

section is facing towards the clean lab to minimize the possibility of confusing the 
way up. 

4. After DMT scanning, boxing and photographing (of boxes), to prevent drying out, 
the cores are covered with glad wrap. Glad wrap should not be reused/recycled 
between core sections, as this could lead to transfer of mineral fragments. Please 
try to minimize glad wrap use.  

5. NZ date system (day/month/year) and NZ daylight time are to be used for all 
records. 

6. Some of these protocols are still being established so departures from the 
procedure may occur. 

A8.3.4 Core curation, labelling, orientation, washing with de-ionized water  

It is very important that, whenever possible, the finished core recovery log is double 
checked for accuracy by the other core curator working onsite. Mislabeling/measuring 
is very common, and it can become a BIG mistake if left unnoticed.  
1. From the driller, get: 

run #, start time, stop time, time core on deck (NZST or NZDT as appropriate), 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) 

DFDP-2 Drilling Log Date ___ / ____ / ______ 
 Day   Month       Year 

Version 2014-09-14 
Run # Time  

(24 hour) 
Drillers Depth 

(mbgl) 
Recovered 
length (m) 

Total 
string 
length 

(m) 

Final 
Stickup 

(m) 

Comments: 
Coring Core 

on 
deck 

Start End 
Start End 
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2. Core pump out – Measure length of core in core catcher. Photograph core 
catcher (CC) looking up hole along its axis and measure its length before it is 
removed from the core barrel. As core catcher is unclamped from the core 
barrel, be sure a clean bucket is placed under the CC to catch loose fragments. 
Enter information about CC into CRL. Take CC to core-logging geologist, who will 
examine it and fill 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, 
“DFDP2”, 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, and orient it to 
the core if possible. 

Notes on CC removal. It may be 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.  

3. Core overseer and assistant will place core in aluminum split onto processing 
table. Ensure top is facing towards the clean lab. When top aluminum split is 
removed, CPO will quickly measure the length of core recovered and will advise 
driller if it is apparent that a significant amount (>50cm) of core remains in the 
hole. 

4. 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. but the last increment of washing should always 
be undertaken with de-ionised water. Rotate the core 180° onto PVC splits and 
repeat washing process.  

5. Lay up to three overlapping pvc splits over core and roll core by 180° into them. 
Wash new topside. Fit core pieces together perfectly (minimize gaps, remove 
particles that stop good fits, note features on fracture surfaces. See also section 
2.3.7. Core pieces must be fit together perfectly before scribing. Use two people 
to push oriented core together by manual force. The third person then scribes two 
parallel lines along the core axis. Look for undercut at top (= core that was drilled 
but not recovered in previous run), or face break lip at downhole end of core. 
Note nature of core loss in ‘features’ column. Complete the Core Recovery Log. 

6. Scribe two parallel lines along the core, one red and one blue. Record which 
system (Option A, B or C, below) was used.3 The red line is always on the left 
(looking downcore). This provides a simple means of retaining the orientation 
information. The red line is the orienting/reference mark. Ask for help from a 
core logger or other onsite supervisor if needed before scribing. This stage 
is crucial to future attempts to orient the core in geographical space.  

The Three Core Orientation Options: 

Orienting Option A (Geographical referencing mark from core orienting tool): If 
this pre-retrieval, geographical (not necessarily North) referencing is successfully 
accomplished on the core and the orienting mark/notch can be recognized upon 
extraction of the marked core to the surface, a red chalk, pen or pencil line should be 
marked the entire length of the core at its azimuth; or a double red line should be 
marked 180 degrees away from it (i.e., opposite it) if the orientation mark is within the 
plastic split. In addition a blue line should be drawn at a small angle (10 degrees) to the 
right of the red line as viewed while looking in a direction down the core. The log 
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must clearly state that the core is referenced relative to a geographical direction from a 
down-hole scribing tool. If the core is not too fragile, rotate the core such that the red 
reference line is coincident with the left hand PVC split edge as viewed looking down 
the core.  

Orienting Option B (Foliation Up-Dip referencing mark): If this pre-retrieval, 
geographical referencing is either not attempted or has been attempted unsuccessfully, 
such that the mark or scribe cannot be recognized upon its extraction of the core to the 
surface, a red chalk, pen or pencil line should be marked the entire length of the core 
in the direction of the mean up-dip direction of any recognizable foliation in the core; 
or a double red line should be marked 180 degrees away from it (i.e., opposite it) if the 
orientation mark is within the plastic split. In addition, a blue line should be drawn at a 
small angle (10 degrees) to the right of the red line as viewed while looking in a 
direction down the core. The log must clearly state that the core is referenced relative 
the foliation up-dip direction. If the core is not too fragile, rotate the core such that 
the red reference line is coincident with the left hand PVC split edge as viewed looking 
down the core.  

Orienting Option C (Arbitrary referencing mark): if neither A nor B is possible, a red 
chalk, pen or pencil line should be marked arbitrarily down the entire length of the core 
along the left hand edge of the plastic split (when facing down core or a double red 
line should be marked 180 degrees away from it (i.e., opposite it) if the orientation mark 
is within the plastic split. In addition, a blue line should be drawn at a small angle (10 
degrees) to the right of the red line as viewed while looking in a direction down the 
core. Lines must be drawn at the same time parallel to each other. The log must 
clearly state that the core is referenced relative to an arbitrary direction.  

Important: The log notes must clearly state which orienting option (A, B, or only C) 
was used for each section of core.  
7. In the unlikely event that the bottom of a run can be uniquely restored against the 

top of the next deepest one, and the two sections can be fit back together, record 
the relative orientations (azimuth angle) of the referencing lines on each section 
in Box 2 of the core recovery log. Angular measurements should be made 
clockwise positive when facing down the core and cite an angle between 0 to 
360°. The angle should specify the rotation of the DEEPER core RELATIVE to 
the SHALLOWER core (as if the shallower core were held fixed). Clockwise 
rotation of the deeper core relative to the shallower core is positive. Record 
depth at which the angular measurement was made. If possible, also mark 
across the join between the two sections of core with two yellow lines.  

8. Break core into <=0.97m splits/joints (use chisel + hammer or tile saw). Record 
location of break on Core Recovery Log. Label section # on log with depth 
interval. Core should be broken into sections using the following methods, listed 
in order from the most to the least desirable (from experience with DFDP-1 core): 
(1) along natural open fractures, (2) using a hammer + chisel, (3) using a 
diamond saw, (4) for very clay-rich rocks, using a hacksaw or wire.  

9. Put 1 cm foam spacers for labels of top and bottom of core and insert labeled 
foam markers. By hand label thse markers with “Run number/Section 
Number/[Top of Run]”. 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). Update this 
to indicate need to register info in DIS and generate labels using DIS. 

10. Take core to DMT container 
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A8.3.5 DMT core scanning 

(Also labeling, packing etc.) 
1. Obtain core from core processing table. 
2. Place DIS labels (provided by the DIS/EPH person) into their correct location on 

the foam spacers at the top of each section.  
3. Place an individual core section on the DMT scanner in the appropriate 

orientation. Place the provided rulers next to the core, with 0 at the top of the 
actual core, not the PVC split, and take a flat scan photo. If the core is pristine 
and intact, consult CPO before taking a 360 degree rolled scan. In general, we 
advise against rolled scans. Be sure to add colour scale and ruler to each scan. 

4. Place the core section into its designated core box and continue with the next 
section. 

5. After MAD/EPH samples have been collected and noted, take the box photo. 
6. Move core to logging office. 

A8.3.6 Ephemeral properties sampling  

1. Ephemeral properties sampler collects samples for moisture content and density 
(MAD) measurements according to the protocol below. These subsamples 
should, at a minimum, be collected at the centre of every metre of core retrieved. 
All lithologies in each core section should be sampled; thus more than one 
sample may be required from each metre section. 

i. Input core run number and distance from top of section into MAD log 
sheet. 

ii. Weigh a pink-topped urine bottle and record weight in table.  

iii. Carefully remove a small (~10-20g) sample from a representative area of 
each core section (for measurements of moisture content and density 
(MAD). 

iv. Place the sample in the urine bottle. 

v. Weigh bottle + sample and record weight in table (to 2 d.p. accuracy). 
Place a small piece of foam in the bottle with the sample – this will 
preserve sample size and shape.  

vi. Register sample and generate label using DIS. Label should include Hole, 
Run #, Section #, distance from top of section, which the sample was 
recovered, and ‘MAD’. Stick label to bottle lid. (THIS SHOULD BE DONE 
AS TIME PERMITS)  

vii. Place bottle in MAD storage box. 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. 

2. Ephemeral properties sampler collects samples of clay zones as determined by 
core inspection onsite.  

i. Clean the sampling tools by washing with a stream of de-ionised water 
(not in a bucket) in prep for any clay sampling. 
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ii. 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.  

iii. Photograph the site that the sample was recovered from and record 
location on core log. 

iv. Prepare a plastic bag for the sample, with masking tape on the outside 
labeled with Hole, Run #, Section #, distance from top of section, and 
EPH or label via printout from DIS.  

v. Carefully place sample in the plastic bag and vacuum seal it. Place plastic 
bag in a pink-topped urine bottle. 

vi. Apply the same labeling to the lid of the urine bottle with a sticky label. 

vii. Place urine bottle in chilly bin.  

viii. At end of shift, take samples and chiller pad back to freezer at 
accommodation (location TBC)  

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

3. Ephemeral properties sampler collects drilling fluid sample. Every 50 meters or 
every 12 hours (whichever is most frequent), a sample of the drilling mud should 
be collected. They can be directly sampled in a plastic bottle and labeled with the 
date, time, and depth. These should be stored with the clay samples. They will be 
compared to the drilling fluid ingredient list that will be provided by the drillers. 

A8.3.7 Visual Core Description  

Note: ALL CORE LOGGERS to undertake min. 4 HOURS of training together to finalize 
protocol.  
1. Logging geologist logs 1) Lithology, 2) fault rock type, 3) colour, 4) engineering 

rock quality onto the ‘SECTION UNIT’ page of the VCD template (Figure A8.5. 
Please try to preserve original moisture content by covering core sections with 
Gladwrap as soon as you are not looking at them. 

2. Clast size catagories to describe fault rock type are: Very Fine (VF) 0.1 – 1 mm 
(= coarse sand and finer for sedimentologists), Fine (F) 1 – 2 mm (= very coarse 
sand), Medium (M) 2 – 10 mm, Coarse (C) >= 10 mm. Fault Rocks and fragment 
angularity are to be described according to the schemes illustrated in Figure A8.6 

3. Logging geologist logs styles of structures, including drilling and handling-
induced fractures onto the ‘TECTONIC ELEMENT’ page of the VCD template 
(Figure A8.7). 

4. Logging geologist measures orientations of planar structures using alpha and 
beta method proposed by Holcombe (2008). During the measurements, logging 
geologist must be careful not to break the core. 

i. Angle a is complementary angle of the dip angle (a =90-dip angle). 

ii. Angle b is the angle between the direction of the reference line and dip direction 
(anticlockwise is positive when looking down the core from above). 
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iii. Measure a and b angles using wrap-around core protractor produced by 
Holcombe Coughlin Oliver Associates. 

iv. In cases of Orienting Options B and C, logging geologist must measure the 
orientations of planar structures that are obvious in DMT-core scanner images 
but are not artificial fractures for the purpose of orienting the core.  

v. Logging geologist measures planar structures such as mylonite foliation, 
cataclastic foliation, fractures/joints, faults/microfaults, lithological boundaries and 
veins/lenses/blebs. 

5. Logging geologist measures orientations of linear structures when he/she finds 
on planar structures especially on faults/microfaults. 

i. Draw a horizontal line on planar structures. 

ii. Measure a rake angle R of the linear structures by laying a protractor. 

iii. Indicate the Right or Left from which direction the rake angle is measured. 
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Figure A8.5 Visual Core Description (VCD) Section Unit Description input form. 
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Figure A8.6 Fault rock classification scheme and roundness chart for core description. 
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Figure A8.7 Visual Core Description (VCD) Tectonic Element Description input form. 
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A8.3.8 Wrap core and packaging 

1. Wrap core: 

i. Cut a length of lay flat tubing that is at least 30 cm longer than the core 
section.  

ii. Gently slide this over the core, taking care not to knock pieces off. 

iii. Seal one end with the blue impulse sealer, as close as possible to the end 
of the bag.  

iv. Slide the core section up to this seal then turn core section around. Hold 
tubing close to core to get as much air out as possible, then seal the other 
end. 

v. Place sealed core back in core box. Place DIS label on the core bag at the 
top end of each section.  

2. Using printed DIS labels, label the top of the box with project number, core 
number and depth that core section represents on the ends of the box adjacent 
to each core section. Label the ends of the boxes as well.  

A8.3.9 Core handling in Dunedin 

At the end of the project, the core will be moved to a refrigerated store in Dunedin.  

On arrival in Dunedin the core will be carried, 2 people per core box to minimize risk of 
handling induced damage, to temporary storage. This will be room QUAD 5 in the University 
of Otago Department of Geology that has been booked for this use from 13/10/14-15/12/14. 
Core will reside here until it is ready to be scanned on the GeoTek Multi-sensor Core Logger 
(MSCL) housed in the University of Otago Department of Geology GeoTek lab.  

In order for the temperature of the core to be equilibrated with that of the room temperature 
of the GeoTek lab, core will be moved into the GeoTek lab >12 hours before it is due to be 
scanned.  

Scanning will be performed by the Offsite Geology Subteam. This will be led by Jack 
Williams with Steven Smith and Ludmila Adam acting as supervisors. It will be comprised of 
University of Otago students. Bob Dagg will provide training on the use of GeoTek Scanner 
and will also be available for guidance during the early phase of core scanning. 

Scanning on the GeoTek scanner will be performed 10 hours/day, 7 days/week. At an 
estimated rate of 1 m core/hour this will result in 70 m core scanned/week. One person is 
required to be present during the scanning at all times. The subteam will operate in 2 x 5 
hour shifts/day. GeoTek scanning requires unwrapping of the core and once the core section 
has been scanned it will be to wrapped once more. 

The following physical properties will be measured on the GeoTek scanner: magnetic 
susceptibility, p wave velocity, gamma density and resistivity. On completion of the GeoTek 
scanning core will be returned to QUAD 5 where it will reside until it can be scanned by the 
X-Ray Computer Tomography (CT) scanner. 

CT scanning will be performed at the Oncology Department at Dunedin Hospital (contact 
Matthew Paris and Emese Toth). Nominally three sessions are available per week for CT 
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scanning. Each session is two hours long during which it is expected that 25 m of core can 
be scanned. During each CT session 2 people are required. Core will be loaded from QUAD 
5 and driven to Dunedin Hospital (approx. 5 minute drive). 

The alignment of the core relative to the CT scanner such that all the core sections are 
scanned in a consistent orientation is shown Figure A8.8. The scribe mark used as a 
reference frame for orientations measured from the core should be aligned to the right hand 
edge of the core container so that an equivalent reference frame can be used when 
measuring orientations from CT data 

On completion of CT scanning core will be driven to the refrigerated core storage at Sawyers 
Bay where it will be available for sub sampling. 

 
Figure A8.8 Orientation of core relative to CT scanner such that is scanned in a consistent orientation. 

A8.4 THIN-SECTION PREPARATION PROTOCOL  

Two thin sections are to be prepared; Pure Quartz cuttings (Q) and Bulk rock cuttings (R)  

Notes:  
Wear PPE appropriately. Gloves are provided for handling epoxy.  
Ear and eye protection for use of saw.  
Oven temperature should remain at 60*C, avoid activating the timer function 
Ensure water reservoir for saw is maintained, refill with water from the creek 

A8.4.1 Creating the plug 

1. Acquire cuttings and depths from cutting curators, should be dried and cleaned.  
2. Separate as many pure quartz cuttings from the bulk rock cuttings as possible 

with tweezers/spatula 
3. Bond plug moulds securely to glass plate with sticky back plastic – ensure mould 

bottoms are clean to prevent leaks 
4. Mix epoxy resin:hardener as 5:1. In order to fill a SINGLE mould 6ml total of mix 

is required 
5. Cover the bottoms of each mould with a thin layer of epoxy.  
6. Sprinkle grain cuttings into the mould, ensure cuttings are spread out evenly and 

are touching the glass base 
7. Fill mould with remaining epoxy and slam (gently) on the table to remove bubbles  
8. Cure in the oven at 60*C for ~30mins 
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9. Remove from oven and check hardness, submerge in water to cool  
10. Use the arbor press set up to remove plugs from moulds  

A8.4.2 Polishing the plug 

11. Use the lapper and 240 grit to expose the cuttings at the plug base, ensure even 
pressure is applied and plug is moved across plate surface. Try to expose as 
many grains as possible (all)  

12. Once cuttings are exposed use 600 grit to give a final polish for ~2mins, ensure 
the full surface of glass polishing block is used. 

13. Dry plugs  

A8.4.3 Applying plug to glass slide  

14. Mix ~3ml total of epoxy and apply a very thin layer to two fresh slides. Apply a 
small amount of epoxy to the polished plug face and apply to the centre of the 
slide.  

15. Place slides and plugs into oven ensuring they do not slide off, allow to cure for 
~20mins or until hard.  

16. Remove from oven and allow to cool  

Removing excess plug material 
When using the saw ensure adequate PPE is used i.e. Safety goggles and ear protection  
17. Mount the bottom of the slide into the right angle jig of the saw; support the 

slide/plug against the side.  
18. Ensure reservoir of saw is sufficiently filled and turn on taps to lubricate/cool the 

cut. Initiate saw at wall switch  
19. Slowly push plug into the path of the saw blade, cut ~1/2 way through plug, return 

the jig to its original position and flip sample. Cut the remaining half retaining the 
removed plug.  

A8.4.4 Polishing slide 

20. Begin polishing the slide with 240 grit, move the slide across the lapper plate 
while polishing and apply pressure depending to varying thickness of slide. More 
pressure on thicker areas. Check slide very frequently with optical microscope to 
avoid over polishing.  

21. Once blue to purple interference colours are visible in quartz switch to 600 grit 
until the majority of quartz cuttings show grey interference colours. Ensure 
sections do not get too thin as material will be lost and damage to the grains will 
occur. Interpretation will be comprised.  

22. Dry and clean sections  

A8.4.5 Finishing touches 

23. Apply a thin strip of UV glue to surface of cuttings, cover with a single cover slip 
ensuring an even spread below slip.  

24. Put under UV lamp for ~3mins, turn off after use 
25. Once cured wash slide with ethanol and paper towels  
26. If slide has excess cured epoxy on surface shave off with razor blade  
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Label thin section and deliver to thin section describer! 
e.g. 2B_xxx_CU_(R), 2B_xxx_CU_(Q) 

27. Put any excess material and plug material into a labelled plastic bag and return to 
cutting curator  
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APPENDIX 9: CUTTINGS-TO-CORING TRANSITION DECISION-MAKING 
STRATEGY 

Most recent version prepared 11 September 2014 

A9.1 OPERATIONS: 

We are fully prepared for onsite cuttings and core analysis and curation including thin 
sectioning. Facillities and a science team have been arranged. 

A9.2 LITHOLOGICAL TRANSITIONS: 

We will focus on identifying the following lithological transitions. Criteria for distinguishing 
these (mostly in thin-section) are listed in the accompanying document entitled, 
“Cuttings_Qualitative_Criteria_Zonation”  
1. protomylonite to mylonite  
2. mylonite to ultramylonite  
3. ultramylonite to cataclasite  

A9.3 STRUCTURAL THICKNESSES: 

The following is a list of the observed structural thicknesses of these structural units 
(orthogonal to foliation). Approximate corresponding vertical thicknesses (in parentheses) are 
given assuming a dip of 40°. 

These estimates are derived from outcrop observations in: 
4. Gaunt Creek (Toy, Ph. D thesis, 2007); 2) Stony Creek (Little, unpub field data); 

3) Tatare Stream (Gillam et al., 2013) and 4) Parker Creek (Little, unpub field 
data).  

1. Gaunt Creek: Structural  Vertical (anticipated for 40° dip) 

protomylonite zone 483 m  (630 m) 

mylonite zone  338 m  (441 m) 

ultramylonite zone  143 m  (187 m) 

cataclasite zone  48 m outcrop (63 m) 

25 m DFDP (33 m) 

2. Stony Creek: 

protomylonite zone: 262 m  (342 m) 

mylonite zone  325 m  (424 m) 

ultramylonite zone  100 m  (131 m) 

cataclasite zone 1.5 m  (2 m)  
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3. Tatare Stream: 

protomylonite zone: 600 m  (783 m) 

4. Parker Creek 

protomylonite zone: 251 m  (328 m) 

mylonite + umyl  546 m  (713 m) 

ultramylonite zone  N/A   (N/A) 

Locally the “tectonic stratigraphy” is complicated by late brittle faults that repeat or omit 
section. For example in Hare Mare Creek Virginia predicts that a vertical borehole might 
encounter something like (thicknesses approximate only): 

>500m protomylonite  

~100m mylonite 

~10m cataclasite 

PSZ (active) 

~500m protomylonite 

150 m mylonite 

100 m ultramylonite 

30 m cataclasite 

PSZ (inactive) 

Gravel 

 

And in Doughboy Creek:  

>500m protomylonite 

100m mylonite 

100m protomylonite! 

50m cataclasite 

PSZ 

Based on the above information, TAL suggests the following strategy for picking the right 
place to start coring, assuming a target of 200 – 300 m of HW to be cored in Phase 2, 
followed by 200 – 300 m of footwall coring in Phase 3. They are not mutually exclusive, and 
could be combined (i.e., “whichever comes first”)  
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A9.4 PROPOSED STRATEGY:  

1. After protomylonite/mylonite transition is identified in cuttings: Keep drilling. 
2. Then, after reaching a depth that is 200 – 300 m below the 

protomylonite/mylonite transition, be especially vigilant for ultramylonite chips 
(thin-section and examine the chips more frequently) 
3a IF: ultramylonite has still not been identified after reaching a depth that is 

300 – 400 m below the protomylonite/mylonite transition. Consider starting 
coring there.  

3b. ELSE IF: ultramylonite (or cataclasite!) is encountered at any time, then 
start coring at that point immediately.  
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APPENDIX 10: FLUID SAMPLING EQUIPMENT AND PROTOCOLS 

A10.1 FLUID SAMPLER TOOL AND INSTRUCTIONS 

A Klyen MkII wireline geothermal fluid sampling tool was borrowed from GNS Science 
(Wairakei office). Simplified instructions are given below for how we tested and intended to 
operate the tool. Full details of the tool are published elsewhere [Klyen, 1996]). 

Tool assembly 
• remove very end piece (there are three parts to the end) and place shim inside to that it 

fits securely. Tighten joints. 

• replace and screw on long second half of the sampler containing the piercing 
mechanism 

• remove nose cone, screw in small tap to the hole in the side and open the end valve 

• attach vacuum hose to the tap and switch on - leave for ~30 mins to evacuate 

• close the tap tightly and switch off the vacuum and remove hose 

• remove the tap and replace end nose cone 

• The fluid sampler is now evacuated and ready to deploy - careful not to jerk the end as 
it may accidentally pierce the shim 

Deployment 
• Attach to wireline 

• Lower slowly and gently into hole  

• Once at target depth, get a driller (or someone strong) to yank the wireline which 
should activate the fluid sampler and pierce the shim. See fluid sampler instructions for 
“stances” 

• Lift the fluid sampler out of the hole - it should now be full of fluid 

• Once at surface detach from wireline and place on stand (inside a container?) 

• Remove nose cone and attach the tap, remove end piece with holes 

• To sample GAS: 

- affix an evacuated glass tube to the tap with vacuum tube - ensure one end is 
sealed! 

- open the valve slowly to allow gas to enter the evacuated tube 

- close off valve and then seal the glass tube and remove from the tap (label and 
tape up taps, etc) 

- Copper Tube - this is more tricky and there may not be enough gas - only do this 
if Loren is here? 

• To sample WATER: 

- with the tap on, open the valve and loosen the far end cap (where the shim 
resides) at the joint furthest down the sample, gently pour water out of the 
sampler and into the 1 L measuring cylinder (this is pre-cleaned). It may be 
necessary to open/ loosen up the other end of the sampler further so the water 
can flow out faster. 
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- Once all the fluid is removed and in the measuring cylinder measure and record 
the pH, temperature and conductivity with the black meter and Eh with the white 
meter 

- Fill a pre-cleaned 30 ml bottle with sample water to the top (minimal headspace) 
and seal with parafilm and label with a time, date, depth and STABLE ISOTOPE 
SAMPLE 

- Put the remaining water into 500 ml sample bottles and seal with parafilm (these 
samples will then be filtered, titrated and acidified back in Whataroa). Label the 
bottle (unless already labelled) and fill in sample collection sheet. If these sample 
bottles are reused at the later date then they should be pre-contaminated with a 
little sample water that is then poured away. 

- The measuring cylinder should then be rinsed with MilliQ water 

Cleaning the fluid sampler 
• Pour 10 % nitric acid into the sampler with the bottom valve closed. Let sit for ~30 

minutes. Once full open the bottom valve, and pour acid back into the acid bottle. 

• Pour MilliQ water into the sampler with the bottom valve closed, put on the end piece 
and tilt and invert the sampler to rinse out he inside. Once full open bottom valve to 
allow water to flow through, discard water. 2-3 X 

Fluid sampling equipment list 
• 1-5 mL pipette 

- 1-5 mL pipette tips (x50) 

• 100 – 1000 uL pipette 

- 100 – 1000 µL pipette tips (x50) 

• Filtering: 

- 0.2 filter paper (x50?)  

- Filter hand pump and attachments 

• Meters: 

- pH, TDS, T meter (x2), spare batteries (need to calibrate) 

- Eh meter (need to calibrate) 

• Sample storage: 

- 500 mL HDPE bottles (x30) acid cleaned 

- 60 mL HDPE bottles (x30) MQ cleaned 

- 30 mL HDPE bottles (x30) acid cleaned 

- Parafilm tape 

• Acids: 

- Quartz distilled conc nitric (1 mL per litre of sample ~30 mL) 

- 0.1 N HCl (1 L) 

- 0.01N HCl (1 L) 

- 10% analytical grade HNO3 for cleaning sampling equipment (~5 L) 

• Other: 
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- Beaker for alkalinity titrations 

- 1000 mL measuring cylinder for sample collection acid cleaned 

- MilliQ water for cleaning (2 – 3 L?) 

- Zip lock bags medium (x100), small (x30) 

- Notebook and pencil to record readings and alkalinity titrations 

- Masking tape 

- pH paper 

• PPE: 

- Nitrile gloves 

- Safety goggles 

Fluid sample collection protocol for the wireline fluid sampler 
• Record pH, TDS, Temperature and Eh in measuring cylinder (with cleaned meters, pre-

rinsed in sample) 

• Pour sample into a 30 mL, acid-cleaned HDPE bottle, with minimal head space and 
seal tightly and parafilm the lid – this sample is for stable isotope analyses 

• Rest of the sample: 

- Filter through 0.2 filter paper using the filter and hand pump 

- Depending on sample size, pipette 20 mL of sample into a Milli-Q rinsed, 
precontaminated beaker 

o Undertake alkalinity titration, recording pH with subsequent additions of 0.1 
N HCl (see alkalinity titration section). 

- Remaining sample, split filtered sample into Milli-Q rinsed 60 mL HDPE bottles 
for anion analyses and put the remaining sample in 500 mL HDPE acid-cleaned 
bottles and acidify with 1 mL quartz-distilled HNO3 per 1 L of sample for cation 
analyses. 

- All bottles are to be labelled with sample numbers, sample type, date and time 
taken on the bottles and on the bags they are in. 

All bottles to be parafilmed shut 

Fluid sample collection protocol for artesian waters 

If artesian waters are encountered call the team leader (Catriona Menzies) and monitor the 
temperature as the upwelling waters clear out drilling mud.  

To sample: 

• Rinse/ pre-contaminate measuring cylinder with sample water and pour out. 

• Rinse Eh meter and pH/ conductivity/ T probe with sample water. 

• Collect sample in measuring cylinder, measure Eh1, pH2, conductivity3 and 
temperature4 and record in fluid sampling sheet. (rinse meters in MilliQ water before 
storing) 
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• Pour small volume of sample into a 500 ml acid-cleaned HDPE sample bottle, rinse/ 
shake with lid on and dispose of water. Fill sample bottle to the top with sample and 
seal the lid with parafilm tape. Record the sample bottle number next to sample ID in 
the fluid sampling sheet. Enter sample info into DIS and print 2 labels. Do not stick 
labels to bottle, place inside outer sample bag still stuck to shiny paper to be stuck to 
final sample bottles after filtering. 

• Collect sample into a 30 mL, acid-cleaned HDPE bottle, with minimal head space, seal 
tightly and parafilm the lid on the outside – this sample is for stable isotope analyses. 
Enter this sample into the DIS and print two labels then stick to the bottle and sample 
bag. 

1Using white Eh meter, wait until the reading stabilises. Use some cleaning solution (HI 
7061) dabbed onto the lint free cloth to gently wipe the probe between uses (after 
rinsing with milliQ water). 

2Using the black probe, press “SET/HOLD” button until “pH” is displayed in top right 
hand corner, wait until the reading stabilises and record pH.  

3Using the black probe, press “SET/HOLD” button until “mS” is displayed in top right 
hand corner, wait until the reading stabilises and record conductivity.  

4Using the black probe record temperature shown below the main pH or conductivity 
readings. Record temperature. 

Fluid sampling alkalinity titration method 

Technique 
• Water samples should be filtered through 0.2 µm filter paper using the vacuum hand 

pump. A split of sample should be put into 60 ml HDPE bottle for anion measurements, 
another split used for alkalinity titrations, and the remaining acidified with quartz 
distilled HNO3 at 1 ml/ litre of sample. All bottle lids should be secured with parafilm. 

• Pipette 40 ml of the hand-pumped filtered water sample into the small plastic beaker. 

• Measure and record the pH. 

• Add 50-200 μl of 0.1M HCl, stir and record the pH. Continue until the pH falls to ~3.2. 
(If the pH of your sample is <3.5, keep adding acid until the pH falls by 1 pH unit.) 

A10.1.1 Calculation 

Calculate the Gran function (G):  

pH
oVVG −⋅+= 10)(     

where V = the volume of acid added and V0 = the initial volume of solution. 

Plot G as a function of the total volume of acid added; find the equivalence point by 
extrapolating the linear part of the graph to its intersect with the x-axis (Figure A10.1). 



 

 

202 GNS Science Report 2015/50 
 

 
Figure A10.1 Graph showing the calculation of alkalinity in a seawater sample. The blue line shows the 
change in pH with volume of acid that is added. The pink line shows the Gran function. The intersect between the 
straight line and the x-axis gives the volume of acid needed to neutralise the alkalinity of the solution.  

The alkalinity of the sample (in units of mmol/l) is given by: 

1000
l)( V

(mol/l)molarity  acid   l)(point   eequivalencat  acid of Volume

o

×
×

µ
µ

 

In the example shown on the graph (which is seawater, so V0 = 20ml and the sample is 
titrated against 0.1M HCl): 

Alkalinity = [(438 µ l × 0.1 mol/l) / 20000 µ l] × 1000 = 2.19 mmol/l 

 

A10.1.2 Reference 

Klyen, L. E. (1996), Sampling techniques for geothermal fluids: New Zealand, Institute of Geological 
and Nuclear Sciences, Science Report, 96(29), 157. 
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APPENDIX 11: MEDIA COVERAGE AND PUBLIC OUTREACH 

A11.1 GENERAL 

There was widespread public interest in DFDP drilling operations. Our Youtube videos (GNS 
Science channel) and blog (http://rupertsnztectonics.blogspot.co.nz, 28 posts) accumulated 
>60,000 hits. Our Facebook page (Deep-Fault-Drilling-Project-2) had 694 likes in May 2015. 
There were many mainstream media stories (below), including prime-time news on TV3, 
TVNZ, RadioNZ, newspapers, etc. The science world considered our project notable, and 
Nature even wrote a story about our project. 

DFDP scientists and graduate students hosted many visitors to the site, including visits by 
schools and community organisations (Figure A11.1). We visited and gave public talks in 
most of the regional centres (Franz Josef, Whataroa, Hari-hari, Hokitika), and ran several 
Alpine Fault field trips for local residents, schools, and Department of Conservation staff. 

 
Figure A11.1 Carolyn Boulton (Liverpool Uni.) explains rock cutting and crushing to Hokitika High students. 
4/12/14 Photo J. Townend.  

A11.2 VIDEOS  

Youtube, GNS Science channel  

• "Drilling into New Zealand's most dangerous fault" 

• "Is it OK to drill through the Alpine Fault?" 

• "Alpine Fault open hole drilling gear" 

• "Minerals and the Alpine Fault" 

• "Probing hte Alpine Fault borehole" 

• "Drilling into the Alpine Fault" 

A11.3 PRESS RELEASES  

• "Deep Alpine Fault borehole primed with instruments" (GNS Science, 14 January 2015) 

• "Alpine Fault drilling project moves into new phase" (GNS Science, 19 October 2014) 

https://www.youtube.com/watch?v=n9ZPq5FRmnE
https://www.youtube.com/watch?v=jQ1xYGy1Cd8
https://www.youtube.com/watch?v=A6gLpzR8mlI
https://www.youtube.com/watch?v=iJMZVRc31yQ
https://www.youtube.com/watch?v=2ANlpc2W0q0
https://www.youtube.com/watch?v=xfpxGQsvrHE
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Deep-Alpine-Fault-borehole-primed-with-instruments-14-01-2015
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Alpine-fault-new-phase
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• "Scientific drilling project underway on Alpine Fault" (GNS Science, 6 October 2014) 

• "Scientists plan deep drill probe in Alpine Fault" (GNS Science, 24 June 2014) 

• "Japan tectonic study has implications for NZ" (GNS Science, 11 February 2013) 

• "Scientists complete first phase of Alpine fault drilling experiment" (GNS Science, 15 
March 2011) 

• "Otago geologists help probe Alpine Fault's secrets" (University of Otago, 27 January 
2011) 

• "Scientists probe Alpine fault with two boreholes" (GNS Science, 24 January 2011) 

• "Drilling planned for Alpine Fault research" (GNS Science, 29 October 2010) 

• "Drilling planned as part of Alpine Fault research" (GNS Science, 27 July 2010) 

• "Scientists push for major new research on Alpine Fault" (GNS Science, 27 March 
2009) 

• "Scientists to probe Alpine Fault" (GNS Science, 20 March 2009) 

• "Scientists plan to drill into fault to study earthquakes" (GNS Science, 21 July 2008) 

A11.4 MEDIA STORIES 

• "Wealth of fault-bore science" (Otago Daily Times, 18 January 2015) 

• "Deep Alpine Fault borehole primed with instruments" (Phys.org, 14 January 2015) 

• "Alpine Fault's depths plumbed by scientists" (TV3, 14 January 2015) 

• "Interview with Dr Rupert Sutherland" (Radio New Zealand (14 January 2015) 

• "Drill just sort of the Alpine Fault" (Radio New Zealand, 14 January 2015) 

• "Rethink on Alpine Fault drilling" (NZresources.com, 14 January 2015) 

• "Alpine Fault drilling project put on hold" (Stuff, 11 January 2015) 

• "Damage ends Franz Josef Glacier drill probe into quake peril" (New Zealand Herald, 7 
January 2015) 

• "Broken drill ends Alpine Fault probe" (NZ City, 7 January 2015) 

• "Deep Fault Drilling Project" (Phys.org, 15 December 2014) 

• "Alpine fault drilling 'ambitious'" (Stuff, 15 December 2014) 

• "Finding fault" (GeoDrilling International, 4 December 2014) 

• "Drilling into the heart of the Alpine Fault" (Radio New Zealand, 13 November 2014) 

• "Team unearthing Alpine Fault's secrets" (Radio New Zealand, 12 November 2014) 

• "Alpine Fault's surprisingly high temperatures" (New Zealand Herald, 11 November 
2014) 

• "Understanding earthquakes behind deep drilling" (NewstalkZB, 20 October 2014) 

• "South Island fault drilled for quake clues" (Stuff, 19 October 2014) 

• "Here's one very good reason to drill deep into an active fault" (Smithsonian, 9 October 
2014) 

• "Alpine Fault secrets being unlocked" (Stuff, 7 October 2014) 

• "Earthquake machine: scientists drill 1.3 km hole into New Zealand's Alpine 
Fault" (International Business Times, 6 October 2014) 

http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/alpine-fault-drilling
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/drill-probe-in-Alpine-Fault
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Japan-tectonic-study-has-implications-for-NZ-11-02-2013
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Alpine-Fault-phase-one
http://www.otago.ac.nz/news/news/otago016163.html
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Alpine-Fault-boreholes
http://www.gns.cri.nz/Home/News-and-Events/Media-Releases/Alpine-Fault-Research3
http://www.gns.cri.nz/news/release/20100727.html
http://www.gns.cri.nz/news/release/20090327alpinefault2.html
http://www.gns.cri.nz/news/release/20090320alpinefault.html
http://www.gns.cri.nz/news/release/20080718_fault_drill.html
http://www.odt.co.nz/news/dunedin/330400/wealth-fault-bore-science
http://phys.org/news/2015-01-deep-alpine-fault-borehole-primed.html
http://www.3news.co.nz/nznews/alpine-faults-depths-plumbed-by-scientists-2015011505#axzz3QGBXA6rK
http://www.radionz.co.nz/national/programmes/summernoelle/audio/20163715/gns-seismologist-on-drilling-the-alpine-fault
http://www.radionz.co.nz/news/national/263731/drill-just-short-of-alpine-fault
http://nzresources.com/showarticle.aspx?id=6735
http://www.stuff.co.nz/the-press/news/64864429/Alpine-Fault-drilling-project-put-on-hold
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11383213
http://home.nzcity.co.nz/news/article.aspx?id=199750
http://phys.org/news/2014-12-deep-fault-drilling.html
http://www.stuff.co.nz/the-press/64158116/Alpine-fault-drilling-ambitious
http://www.geodrillinginternational.com/comment/finding-fault2
http://www.radionz.co.nz/national/programmes/ourchangingworld/20141113#audio-20157084
http://www.radionz.co.nz/news/national/259262/team-unearthing-alpine-fault's-secrets
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11357318
http://www.newstalkzb.co.nz/christchurch/news/nbnat/1851218610-understanding-earthquakes-behind-deep-drilling
http://www.3news.co.nz/nznews/south-island-fault-drilled-for-quake-clues-2014101914
http://www.smithsonianmag.com/smart-news/drilling-active-fault-new-zealand-180952986/?no-ist
http://www.stuff.co.nz/national/10585893/Alpine-Fault-secrets-being-unlocked
http://www.ibtimes.co.uk/earthquake-machine-scientists-drill-1-3km-hole-into-new-zealands-alpine-fault-1468711
http://www.ibtimes.co.uk/earthquake-machine-scientists-drill-1-3km-hole-into-new-zealands-alpine-fault-1468711
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• "Alpine Fault Project" (NewstalkZB, 6 October 2014) 

• "Scientists set to drill 1.3 km into Alpine Fault" (TV3, 6 October 2014) 

• "Scientists drill Alpine Fault in world first" (TVNZ, 6 October 2014) 

• "Scientists begin drilling into Alpine Fault" (Radio New Zealand, 6 October 2014) 

• "Scientists drill 1.3 km hole into Alpine Fault" (New Zealand Herald, 6 October 2014) 

• "Drilling into an active earthquake fault in New Zealand" (Michigan News/University of 
Michigan, 25 September 2014) 

• "Scientists to investigate Alpine faultline", (Greymouth Star, 15 September 2014) 

• "Predicting the next big one", (Otago Daily Times, 17 August 2014) 

• "Project drills deep into coming quake" (Nature, 30 July 2014) 

• "The Alpine Fault" (Radio Live, 28 June 2014) 

• "Drilling the Alpine Fault to know how earthquakes are produced" (Nine to Noon/Radio 
New Zealand, 27 June 2014) 

• "NZ Alpine Fault to be drilled in study" (The Australian, 25 June 2014) 

• "Drilling for study to begin on Alpine Fault" (TV3, 25 June 2014) 

• "Alpine Fault drilling starts in three months" Stuff/The Press, 25 June 2014) 

• "Researchers to bore major fault" (New Zealand Herald, 25 June 2014) 

• "Drilling into the Alpine Fault" (Our Changing World/Radio New Zealand, 31 January 
2013) 

• "Studying fault rocks" (Our Changing World/Radio New Zealand, 31 January 2013) 

• "NZ scientist on Japan fault expedition" (Voxy, 22 March 2012) 

• "Quake zone drilling off Japan" (Otago Daily Times, 17 March 2012) 

• "Lidar filters bush to reveal Alpine Fault" (Stuff/The Press, 21 November 2011) 

• "Aftershock zone" (New Zealand Listener, 19 March 2011) 

• "Scientists complete first phase of Alpine Fault drilling project" (New Zealand Herald, 
16 March 2011) 

• "Earthquake warning system may save lives", (Stuff, 5 March 2011) 

• "Alpine fault drilling hailed a success" (Radio New Zealand, 9 February 2011) 

• "Alpine fault dams water to east, study finds" (Stuff/The Press, 9 February 2011) 

• "Excitement over project to drill through Alpine fault" (Stuff/The Press, 28 January 
2011) 

• "Geologists drill for answers" (Close Up, TVNZ, 27 January 2011) 

• "Research to unearth more about Alpine fault" (Checkpoint, Radio New Zealand, 24 
January 2011) 

• "Scientists probe Alpine fault with two boreholes" (Voxy, 23 January 2011) 

•  "Scientists to drill into S Island's Alpine fault" (TVNZ, 23 January 2011) 

• "Boffins probe alpine quake fault" (Stuff/Sunday Star Times, 23 January 2011) 

• "Drilling into the Alpine fault" (GNS Science video on YouTube, January 2011) 

• "Drilling into Alpine fault to begin late January" (Summer Report, Radio New Zealand, 6 
January 2010) 

http://www.newstalkzb.co.nz/christchurch/listen-on-demand/audio/1776781097-dr-virginia-toy--alpine-fault-project
http://www.3news.co.nz/nznews/scientists-set-to-drill-13km-into-alpine-fault-2014100618
http://tvnz.co.nz/national-news/scientists-drill-alpine-fault-line-in-world-first-6099470
http://www.radionz.co.nz/national/programmes/checkpoint/audio/20152352/scientists-begin-drilling-into-alpine-fault
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11337897
http://ns.umich.edu/new/releases/22392-drilling-into-an-active-earthquake-fault-in-new-zealand
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11325050
http://www.odt.co.nz/news/dunedin/312764/predicting-next-big-one
http://www.nature.com/news/project-drills-deep-into-coming-quake-1.15631
http://www.radiolive.co.nz/The-Alpine-Fault/tabid/506/articleID/48693/Default.aspx
http://www.radionz.co.nz/national/programmes/ninetonoon/audio/2601277/drilling-the-alpine-fault-to-know-how-earthquakes-are-produced
http://www.theaustralian.com.au/news/latest-news/nz-alpine-fault-to-be-drilled-in-study/story-fn3dxix6-1226966139276?nk=2365673cb6782e71641d233b62231c01
http://www.theaustralian.com.au/news/latest-news/nz-alpine-fault-to-be-drilled-in-study/story-fn3dxix6-1226966139276?nk=2365673cb6782e71641d233b62231c01
http://www.3news.co.nz/Drilling-for-study-to-begin-on-Alpine-Fault/tabid/423/articleID/350127/Default.aspx
http://www.3news.co.nz/Drilling-for-study-to-begin-on-Alpine-Fault/tabid/423/articleID/350127/Default.aspx
http://www.stuff.co.nz/the-press/10197442/Alpine-Fault-drilling-starts-in-three-months
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=11280959
http://www.radionz.co.nz/national/programmes/ourchangingworld/audio/2545117/drilling-into-the-alpine-fault.asx
http://www.radionz.co.nz/national/programmes/ourchangingworld/audio/2545118/studying-fault-rocks.asx
http://www.voxy.co.nz/lifestyle/nz-scientist-japan-fault-expedition/5/118409
http://www.odt.co.nz/campus/university-otago/201681/quake-zone-drilling-japan
http://www.stuff.co.nz/the-press/news/6002393/Lidar-filters-bush-to-reveal-Alpine-Fault
http://www.listener.co.nz/current-affairs/science/aftershock-zone/
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=10712830
http://www.stuff.co.nz/4734789/Earthquake-warning-system-may-save-lives
http://www.radionz.co.nz/news/national/68147/alpine-fault-drilling-hailed-a-success
http://www.stuff.co.nz/the-press/news/canterbury-earthquake/4634396/Alpine-Fault-dams-water-to-east-study-finds
http://www.stuff.co.nz/nz-newspapers/west-coast-6013/4593974/Excitment-over-project-to-drill-through-Alpine-fault
http://tvnz.co.nz/close-up/geologists-drill-answers-4008706/video
http://www.radionz.co.nz/audio/national/ckpt/2011/01/24/scientists_finish_drilling_bore_hole_on_alpine_fault
http://tvnz.co.nz/national-news/scientists-drill-into-s-island-alpine-fault-4005635
http://tvnz.co.nz/national-news/scientists-drill-into-s-island-alpine-fault-4005635
http://www.stuff.co.nz/the-press/news/4571743/Boffins-probe-alpine-quake-fault
http://www.youtube.com/watch?v=xfpxGQsvrHE
http://www.radionz.co.nz/audio/national/srpt/2011/01/06/drilling_into_alpine_fault_to_begin_late_january
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• "Scientists poised to drill into fault" (Stuff/The Press, 4 January 2011) 

• "Alpine Fault study proposed" (Stuff/Christchurch Press, 27 October 2010) 

• "Drill project may shed light on quakes" (Stuff/Christchurch Press, 24 September 2010) 

• "In-depth fault line research gets backing" (Stuff/Dominion Post, 24 September 2010) 

• "Scientists plan to drill deep into the Alpine Fault" (Stuff/Christchurch Press, 27 July 
2010) 

• "Crunch zone: The world is watching our Alpine Fault" (Christchurch Press, 29 Aug 
2009) 

• "Earthquake fears prompt drilling project" (ODT, 16 April 2009) 

• "Extensive study planned before drilling into Alpine Fault" (ODT/NZPA, 27 March 2009) 

• "Harold Wellman, who moved the Southern Alps" (Rebecca Priestley, 27 March 2009) 

• "Scientists plan to drill into Alpine Fault Line" (Radio New Zealand, 22 March 2009) 

• "Scientists ponder next major earthquake" (TVNZ, 23 March 2009) 

• "Plan to drill into faultline" (TVNZ, 20 March 2009) 

• "Scientists to drill into the edge of the world" (Stuff/NZPA, 18 July 2008) 

 

http://www.stuff.co.nz/science/4511807/Scientists-poised-to-drill-into-fault
http://www.stuff.co.nz/the-press/news/4275019/Alpine-Fault-study-proposed
http://www.stuff.co.nz/the-press/news/canterbury-earthquake/4162639/Drill-project-may-shed-light-on-quakes
http://www.stuff.co.nz/national/4162551/In-depth-fault-line-research-gets-backing
http://www.stuff.co.nz/national/3959663/Scientists-plan-to-drill-deep-into-Alpine-Fault
https://wiki.gns.cri.nz/@api/deki/files/41/=CrunchZone.pdf
http://www.odt.co.nz/on-campus/university-otago/51704/earthquake-fears-prompt-drilling-project
http://www.odt.co.nz/news/national/49263/extensive-study-planned-drilling-alpine-fault
http://www.pundit.co.nz/content/harold-wellman-who-moved-the-southern-alps
http://www.radionz.co.nz/news/stories/2009/03/22/1245a4826f26
http://tvnz.co.nz/technology-news/scientists-ponder-next-major-earthquake-2578053
http://tvnz.co.nz/national-news/plan-drill-into-faultline-2572922
http://www.stuff.co.nz/environment/537508
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APPENDIX 12: WIRE ROPE FAILURE AND LOSS OF BHA 

Transcript of REPORT No 5775-17777 by Peter Wastney Engineering Ltd. 

1/11/2014 

For  

GNS Science,1 Fairway Drive, P O Box 30368, Lower Hutt. 

Report on Drill Rig Failure at Whataroa, 24th October 2014 

Synopsis 

Drill Rig failed on the afternoon of Friday, 24th October, 2014, by loaded Winch Rope failure, 
allowing weighted drill shaft to fall to the bottom of the drill hole. No persons were injured, nor 
was there damage to other plant items. 

Failure occurred because there was insufficient design capacity in the wire rope to handle 
the design working load of the winch. The Winch system was certified as complying with API 
RP 9A/9B, but examination of the documents shows that this was not the case. 

Operators had just loaded up the Drill assembly to the heaviest load applied to the winch 
from new, but still within the safe working load rating of the winch assembly. This was 
winched up some 300mm to release the support keepers prior to lowering into the Drill hole, 
when the wire rope broke in the vicinity of the sheaves at the Mast Head. Winch operation 
had been smooth, and the operator had not applied full lift capacity to the winch. At all times 
the unit was being operated appropriately. 

The recommended way forward to re-commission the Winch is to install 14mm Diameter 
Rope compliant with API RP 9B, and to apply static load on the winch of 130 kN to prove the 
system. 

Independence. 

I am an Independent Consultant Engineer, being a Chartered Professional Engineer under 
the NZ Registration Act 2002, and declare that I have no personal or financial interests in any 
of the parties involved in design, certification, manufacture or operation of the Drilling rig. 

Site Inspection. 

Site was inspected on Thursday 30th October, 2014, following the failure. One piece of the 
failed rope had been retrieved for the bottom of the drill hole, the remainder, apart from a 
short tail, was nested on the winch drum. The failure of the rope appeared to be consistent 
with over straining.  



 

 

208 GNS Science Report 2015/50 
 

 
Figure A12.1 Failed rope recovered from Winch.  

 
Figure A12.2 Remaining rope nested on Winch Drum. 

The rope was measured at 13.9mm diameter, being consistent with the 14mm rope 
specified. Adjacent the failure, rope surface seemed rough and abraided, and at least one 
strand was broken. The pulleys the rope ran over were as new, and turned freely. I could see 
no reason for the surface roughness, other than as a result of the failure. Rope was to be 
retained on site for further examination if required. 

 
Figure A12.3 14mm Diameter rope pulleys in as new condition. 
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Figure A12.4 Section of rope recovered from Drill Hole. View of Mast head. With two 14mm Rope pulleys.  

Also noted was that the rope termination in the winch drum had displaced out of the drum 
lagging (Machining of rope groove in the drum surface). This could have occurred if the drum 
was completely unwound, and continued to turn, winding the rope in the opposite direction. 
Staff assured that there was always turns of rope remaining on the drum, and I conclude that 
this was as a result of the failure. 

 
Figure A12.5 Incorrect lay of rope from Winch termination. Overspooling would cause kinking in this area.  

The mounting of the winch, and all sheaves was all in good order, and in as new condition. 

 
Figure A12.6 Winch mount and drive in as new condition. Winch drum in as new condition.  

Documents were inspected recording winch loads, as shown as appendix 1 attached. The 15 
heavy 6 inch 545 Kg Collars were attached, giving a total dry weight on the winch of 8560 kg, 
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or a weight buoyed of 7390 kg. Other loading could be suction as the bit is lifted, and viscos 
resistance. I conclude that the total load on the winch was within SWL Capacity of 10Tonnes. 

Design documents inspected 

Documents supplied by the manufacturer were inspected, confirming that the winch was 
designed for a safe Working Load of 10 Tonnes, and that design included machining of 
Winch Drum and Sheaves for 14mm diameter Rope. Design calculations for the winch and 
sheaves were sighted, but not calculations for rope capacity. 

Records were shown of a load testing on the winch, with recorded load of 10.06 tonnes 
applied. This is just at the rated capacity, it is normal to test at 25% to 30% overload to cover 
for possible contingencies. For example, calculated winch Hydraulic pressure at SWL was 
280kg/cm^2, maximum allowable is 350 kg/cm^2, allowing 25% overload capacity on winch 
drive. It was reported by Luke Valour that this test was probably done with the existing rope 
on the winch. 

Wire rope certificate was included with supply, this is shown in Appendix 2. 

This rope has a specified Breaking Load of 105.9 kN, and was tested as breaking at 110.29 
kN. This margin above the rated winch capacity seems very low, and is discussed further 
under the heading of Rope Design Factor. Also it is noted on the certificate that the test rope 
was 12mm diameter, not the 14mm diameter rope as measured on the winch, which raises 
doubts as to whether the test certificate even relates to the rope fitted. 

Also Inspected was Certificate dated 14th April 2014 from the manufacturers, Hanjin D&B, 
that all components, including sheaves, bearings installed on this machine have been 
manufactured and tested to AS 1418. This certificate does not specifically mention that the 
winch Rope was included in this certification. Copy of this certificate is attached as Appendix 
3. 

Also sighted was the inspection sheets by Rig Survey International Pte. Ltd for Ocean 
Harvest International Ltd showing compliance of the Drilling Rig with applicable standards for 
Land Oil Drilling in New Zealand. Specifically, as shown in Appendix 4 is the inspection 
Sheet confirming that item 1.19.1, all tugger wire installed is accompanied with a certificate in 
compliance with API RP 9A/9B, and that this item is of major criticality. 

Winch Rope Design Factor. 

In the MKS system of units, the SWL of the winch is expressed in tonnes (Mass), whereas 
the rope capacity is expressed in kN (Force), the relationship between these two quantities 
being gravitational acceleration. This varies slightly on different areas of the world, but is 
generally accepted as 9.81 m/sec^2. In this discussion, to rounded value of 10 is used, so 
that a winch lifting 10 tonnes will exert a force of 100 kN on the winch rope. 

The ratio between the working capacity of a wire rope and its breaking strength has 
traditionally been called the factor of safety, and more recently the Design factor of the rope. 
The 1980 version of the 21st edition of Machinery Handbook quotes safety Factors in the 
range of 3to 4 for standing rope, and from 5 to 12 for operating rope, and higher values 
where there is an element of hazard to life or property. 
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Figure A12.7 1986 version of API Standard, as shown above, shows factor of safety for wire ropes ranging 
from 2 to 3, with most applicable to the winch rope being 2.5  

AS 1418 does not specifically list Rope Design factors, but references international Standard 
ISO4308. This standard has now been superceded by ISO 16625-2013, excerpt of which is 
shown in Appendix 5. The applicable design Factor for the Winch Rope is 3.15, so that a 
winch designed for a SWL of 10 Tonnes to AS 1418 would require a minimum breaking 
strain of 315 kN on the rope. Note particularly in the appendix, under heading 5.2, that 
statement that the design factors listed in the table are based on long experience in the field. 
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Current API Recommended Practice 9B, as shown in Appendix 6, The same table from the 
1986 version is repeated, plus tables to calculate specific cases. From Figure 2 of this 
appendix, with Roller Bearing Sheaves, and for 2 idler sheaves, the efficiency is under Case 
A .943, and the Fast Line Factor is .530. The fast Line Tension is then 100 x .53 = 53 kN. 
From the equation (1) under 3.3.2, the design factor required then is 100/53, or 1.89 

From the rope certificate supplied, the design factor as installed was 105.9/100, or 1.059. 
This is far short of any Standard referred to, or to common practice. 

Recommendation for continued Use. 

Apart from the capacity of the wire rope, all components in the Winch system are 
satisfactory. The machining of the Winch Drum and Sheaves are such that only 14mm 
diameter rope can be fitted. To fit a larger rope will require re design and re manufacture of 
these components. A suitable 14mm Diameter rope is available in New Zealand from local 
suppliers, one such example is shown in Appendix 7. This has a minimum breaking strain of 
180.44 kN, giving a Design factor of 1.80, but if the measured breaking load is used, a 
design factor of 2.07 is obtained, within the API Recommended Practice. 

As a further surety for Operators, a new Static load Test should be carried out with the new 
rope fitted. Usual crane practice is to test at 30% overload, or 130 kN Rope Load. It is noted, 
however, that the maximum capacity on the winch drive corresponds to a 25% overload, so 
for practical reasons, an on site test at 125kN line pull may be more suitable. 

 

Peter Wastney, 

Chartered Professional Engineer. 
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Figure A12.8 Appendix 1 Loading on Winch Rope at Failure. 
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Figure A12.9 Appendix 2 – Wire Rope Certification Certificate for Rope as supplied. 
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Figure A12.10 Appendix 3 – Certificate of manufacture and Testing to AS 1418 
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Figure A12.11 Appendix 4 Corrective Action Inspection Sheet from Rig Survey International. 
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Figure A12.12 Appendix 5 Excerpt of ISO 16625:2013 Cranes and Hoists – Selection of Wire ropes, drums, 
and sheaves. 
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Figure A12.13 Appendix 6 Current API Recommended Practice 9B Notes 
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Figure A12.14 Appendix 6 API Recommended Practice Tables. 
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Figure A12.15 Appendix 7 Certificate for 14mm Crane Rope recommended for use on 10 tonne SWL Winch. 
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APPENDIX 13: ANALYSIS OF PWT CASING FAILURE 

Materials 

A13.1.1 PWT casing (Supplied from China) 

Dimensions:  
OD = 140 mm, ID = 127 mm, weight in air = 21.4 kg/m. 

Calculated: weight in mud = 18.5 kg/m; floated weight in mud = 4.9 kg/m 

A13.1.2 PWT float shoe 

Halliburton-supplied float shoe from Webster Drilling (no specification available): 

OD = 140 mm (assumed) 

ID below thread = 127 mm (assumed) 

ID of valve: 58 mm 

 
Figure A13.1 Float shoe for PWT casing. 10/12/14. R. Sutherland. 

A13.1.3 PWT Casing string 

Total casing string length was 888.32 m (see end of appendix), made up of: 

98 lengths of 3x3 m PWT = 882.0 m 

Base: float shoe and cross-over = 0.56 m 

Top: 3 m length + Landing joint = 5.76 

Final stickup = -1.1 m  

Base of hole = 893.15 
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Difference between hole depth and intended casing depth = 3.62 m 
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Figure A13.2 Figure PWT certification. 
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Figure A13.3 Float shoe technical data. 
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Figure A13.4 Specifications for float shoe that was used. 
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A13.1.4 BQ casing  

OD = 55.6 mm, ID = 46.1 mm, weight in air = 6.0 kg/m. 

Tag bottom at depth = 893.65 m (0.5 m deeper than hole base: rod stretch or/and not straight 
path) 

Hang with base at depth = 889.49 m 

A13.1 INSTALLATION PROCEDURE 

Casing installation on 11/12/14 was managed by Richard Sugrue. This account is based on 
notes of start and end times, Richard’s descriptions, and data from the mud pit piezometer.  

Installation started at 08:42 with a Halliburton float shoe and cross-over on the lower PWT 
length.  

The mud pit level dropped by 2 cm, equivalent to about 1000 l, at 09:30. This corresponds to 
when mud was added to the casing string in the hole to increase its weight, so as to help it 
advance.  

At 11:16 the mud pit level rose rapidly about 8 cm (c. 4000 l), as the cellar was pumped out. 
Shortly after this, with about 33x9m lengths on the rack, Richard noticed that mud was no 
longer being displaced as each section of casing was lowered, and he concluded that the 
casing shoe had failed. There was no anomalous pressure in the PWT casing string, or rush 
of air noticed. 

Installation was completed at about 13:00 and circulation was started. There was a drop in 
mud pit level of 8 cm starting at 13:16, which replaced the displaced fluid.  

The well head was then attended to. 

At about 17:55 the BQ pipe started to be run in. It was installed with the main wireline winch 
and manually torqued. It easily advanced and tagged bottom at 893.65 m. This is 0.5 m 
farther than the distance expected for the bottom of the hole as drilled with 4.5” 16.6 lb/ft 2-
3/8” IF pipe, and about 4.4 m deeper than expected for the PWT inside of float shoe, if it 
were hung as expected. 

Next, a stainless-steel tube with delicate optical fibres inside was threaded into the BQ pipe. 
That worked, and the sensors tested OK.  

At 4 a.m., everything seemed to have worked. Just in time, because trucks showed up at 
05:00 to set it all in cement. There was no time to stop and consider what had happened, 
and there had been no obvious physical signs of jamming or breakage, other than the float 
shoe conclusion of Richard (not discussed at the time). 

A13.2 CEMENT DATA 

The cement volume to fill the annulus had been calculated at 24.8 m3. This calculation was 
done independently with good agreement by three people: Tony Kingan, Alex Pyne, and 
John Townend (with help from the Science Team).  

The cement volume delivered was 24.2 m3 (4x5.2 + 1x3.4).  



 

 

GNS Science Report 2015/50 227 
 

The cementing plan was to: pump it all down the PWT; insert a cement plug; and displace by 
pumping mud until the pressure spiked (plug hits float shoe); then shut-in and wait. No 
cement should arrive back at the surface, but it should get near. Pump pressures are 
calculated assuming a cement density of 1600 kg m-3 and mud density of 1060 kg m-3. A 
pump pressure of at least 800 psi was expected to be needed to balance and move the 890 
m column of cement up the annulus. 

The problem of a broken casing became evident when pump pressures failed to rise and 
then cement returned back to the surface out of the annulus before all cement had been 
pumped. Pumping was immediately stopped. The total cement volume used was 
approximately 22 – 23 m3. The last truck retained about half its load. 

The cement plug was inserted and mud pumped. About 13 m3 of mud was pumped and the 
maximum pump pressures were in the range 300 to 450 psi (2.1 to 3.1 MPa). There was no 
final pressure spike indicating bumping the cement plug. About 10 m3 of cement was 
estimated to be left in the hole. 

The cement was flushed from the hole using the rig pump, and then also the large GD pump. 
The maximum pump pressure of about 510 psi (3.5 MPa) was recorded early after 5 – 10 
mins of slow pumping. A total volume of about 15 m3 of mud was pumped before no cement 
returns were evident. Most of the cement appeared to have been removed from the hole, but 
there are several cubic meters of uncertainty, due to the difficulty of recognising the 
difference between cement and mud.  

A13.3 DOWNHOLE DATA 

Following the cementing operation, there was a delay in operations until the next day, 
12/12/14, while HWT casing was assembled into 3x3 m lengths. This was then run in, 
starting at 17:45, with a worn PQ3 coring bit and a 2.6 m core barrel. It first encountered 
slight resistance at 436.0 m. At 437.0-437.6 m, a core was collected that revealed the 
cementing plug obliquely breached in the hole, with 5 cm of cement on top of it. The bit then 
advanced easily with only a slight hint of resistance at 438.5 m. Solid ground was then 
encountered at 440.3 m and 0.4 m of cement recovered and a cut cement-mud slurry 
beneath it. Continuous cement core was then retrieved to a depth of 448.5 m. 

 
Figure A13.5 Cement plug and concrete core. 13/12/14 R. Sutherland.  

The natural gamma sensor was then run in by wireline inside the HWT and the base of the 
sensor advanced past the bit at 446.9 m (driller depth; 447.1 m on wireline log depth) to a 
total depth of 447.8 m (wireline depth), in the hole with base at 448.5 m.  
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Wireline data image the base of the upper PWT casing section at a depth of about 435.5 m, 
and the count value outside HWT casing was characteristic of solid rock i.e. not inside any 
casing. No top of a lower casing was found. 

Depth
Natural gamma (cps)

Base PWT

Base HWT

 
Figure A13.6 Gamma ray log showing base of PWT, then HWT casing. 

Coring then continued with no rock fragments recovered until the run at 473.8 to 475.3 m. 
This core and the next recovered the rock edge of the borehole and confirmed that the HWT 
string was outside casing. It is not possible to determine high-side or low-side, because way-
up on one core was reversed during its transport to the core table (giving inconsistent 
apparent foliation orientations between two consecutive runs; the foliation is not variable). 

 
Figure A13.7 Rock core with wall rock from run 473.8 to 475.3 m. 14/12/14 23:10. 
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A13.4 DATA FROM THE RIG PLC 

Data from the rig PLC system were downloaded and analysed (see Figure below). Note that 
the precision of the load sensor is in question, because it is designed to record loads as high 
as 45 ton. Also, the absolute values may have a systematic offset that depends on the 
history of loads (there is a flaw in the ladder logic). However, taking this into account it is still 
possible to reverse-engineer the data to extract a useful result. 

Each addition of casing can be identified on the basis of torque and then weight. The first halt 
in additions was after 8 or 9 sections were added; there is a possibility of error of 1 in the 
early data because the string was not heavy, so the signal is harder to distinguish. The 
internal volume of 8 – 9 sections (0.91 – 1.03 m3) closely corresponds to the estimate of 1 m3 
taken from the mud pit at that time. It was filled up during the break to allow it to advance 
more easily. 

The increase in maximum sustained weight (which is typically only held for 30 sec) with each 
section of casing is slight at 4 kg/m, which is similar to the theoretical value for floated PWT 
casing of 4.9 kg/m. It is within error for this sensor. There is a clear linear trend (see Figure ). 

After addition of 51 sections of casing (base at 439.0 m), there is a 5 minute pause in work 
(11:14 to 11:19) to pump out the cellar, because the floated casing has displaced 7 m3.  

At 11:42, between addition of sections 63 and 64, the weight of the string suddenly 
decreased from 2.5 to 1.5 tons, and the rate of subsequent increase with each casing section 
becomes 15 kg/m. This is similar to the theoretical value for PWT casing that is not floated of 
18 kg/m. Richard, the driller, noticed that mud was not being displaced shortly after this 
(although the precise time was not recorded by him). 

Projection backward in time of the trend in weights after section 64 leads to the conclusion 
that the basal 51 x 9 m sections of casing parted and fell to the bottom of the hole. The 
remaining 12 sections then had 36 more sections added. There is a margin of error of about 
+/- one 9 m section on this estimate. 
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Figure A13.8 Data from the PLC rig computer. Each addition of a 9 m section can be identified, and the point 
of failure. 
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A13.5 SYNTHESIS OF OBSERVATIONS 

The first anomalous observation was the lack of mud displacement during casing installation, 
interpreted at the time as a failure of the casing shoe. It was not considered serious by the 
drillers at the time. The missing 8 tons (implied by failure of the shoe and loss of floatation) 
and 7 m3 of mud (resulting in a mud drop of 143 m in the 10” casing) were not noticed 
(reported), and no rush of air or pressurisation of the casing was observed. 

Pump pressures and volumes of cement provide conclusive proof that about the top 520 m of 
the borehole was initially filled with cement, rather than just the annulus to 892 m. Much of 
the cement was removed by subsequent circulation. The cementing plug found its way into 
the 3.6 m void between the two sections of casing, because there was no pressure spike and 
easy subsequent circulation. 

Coring the breached cement plug confirmed that the break in casing included the depth 
437.0 m. The natural gamma log showed a base to casing at about 435.5 m, and the 
observation of a slight resistance and cement plug at 436.0, strongly suggested that the base 
of the upper casing section is at 435.5 – 436.0 m. 

The gamma ray log (lack of any casing below the break) and coring of wall rock confirms that 
the upper PWT section is severely mis-aligned with the lower section (HWT did not even 
impact its upper surface), and that the lower casing section is cemented in place in its upper 
part. 

The upper section of casing could not be moved after about 20 tons of lifting tension was 
applied to it.  

It is unclear whether the BQ is inside or outside the lower PWT section. Given the expected 
size of the annulus and misalignment of the PWT sections, it is likely to be inside the lower 
section. The fibre-optic cable within the BQ has been tested and remains functioning. 

Analyses of rig data are in good agreement with a range of other observations, and provide a 
precise chronology of events.  

The depth to the base of the PWT section is likely at exactly 436.0 m below table. This is the 
second thread down in the 51st 9 m section added (437.8 + 1.2 – 3.0; see table at end of 
appendix). 

The top of the lower casing string is nominally at a depth of 439.6, but could be deeper if the 
casing is deformed, which seems likely, given the fall, narrow walls, and the fact that its top is 
not sitting on the high-side of the hole (severely misaligned). 

A13.6 ANALYSIS OF OBSERVATIONS 

The casing was dropped due to a failure of the second joint down in the 51st section of PWT 
(added at the time of the break to pump out the cellar 11:14 to 11:19).  

The tensile force on the joint before failure was 22 kN, equivalent to 2.3 ton. 

Did the casing float shoe fail when the PWT string length reached 567.6 m, and could this 
have caused the casing string to part? Calculations to support text below are given at the 
end of this Appendix. 
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If the casing shoe failed, an impulsive force of 15.7 kN, equivalent to an extra load of 1600 
kg, would be experienced immediately, followed over a period of several seconds by a 
significant increase in weight that depends on whether failure occurred when the top of the 
PWT was enclosed or not. If it were not enclosed, then the mud level would have dropped in 
the annulus by 152 m, 5.4 m3 of air would be displaced up through the top of the PWT string, 
and the final load would be 10.9 ton. If it were enclosed (attached to head), then the air in the 
string would become pressurized to 0.48 MPa (70 psi) and heated by about 11°C, the 
annulus mud level would drop 139 m, and the final load would 10.3 ton. 

The predictions above are not consistent with the drillers’ observations or rig data. There is 
no evidence for pressurization or a rush of air, and there is no evidence for any anomalous 
weight before failure (would build over maybe 10-20 s as mud rushed into the casing string). 
I conclude it is unlikely that the float shoe failed. 

If the casing shoe remained intact but the casing parted, then the lower 463 m suddenly 
became filled with mud, causing the mud level to drop 152 m. This left the upper 105 m 
suspended in air, weighing in at 2.2 ton. There is no need for any air to enter or leave the 
borehole, and the change in load is subtle (2.5 ton of 568 m of floated casing to 2.2 ton of 
105 m of casing in air). This fits all of the observations. 

Did the casing unscrew, or did it break? 

The make-up torque applied was about 1500 Nm. I consider the case of frictional interaction 
with the inclined hole (max 15° off vertical at 568 m). I used the logged borehole tilt and 
computed the gravitational force normal to the string for each 1 m section. I assume an 
extreme coefficient of friction of 1.0 between the steel and borehole wall, and hence the 
maximum frictional force is computed. The torque this represents is found by multiplying by 
the outer radius of the PWT, and summing along the length of the string. The resulting 
maximum torque is 212 Nm. It is likely that the actual coefficient of friction for smooth steel 
casing against rock is <0.1, which would reduce the maximum torque to <21.2 Nm. This 
would only act if something drove the rotation (e.g. when unscrewing the head – unlikely this 
was done without foot-clamps in place). This range of values is much less than required to 
break-apart the joint, if it had been torqued up correctly. Data from the rig PLC confirm torque 
spikes when this joint was made up, so it does not seem likely that the casing unscrewed 
itself. Threads within a 9 m length get torqued twice – first when the length is lifted by the rod 
handler, and then when it is added to the string. 

A13.7 COURSE OF ACTION 

The PWT casings are severely misaligned, and could not be moved. Probably, the BQ pipe 
was within the lower PWT section. It was definitely not possible to continue drilling as 
planned within PWT casing at 892 m. 

To continue drilling required a PQ or smaller bit, starting beneath PWT casing at 436 m. 
However, this would be unlikely to achieve our objectives below 1000 m. In addition, the 
lower PWT could interfere with operations or provide a safety concern, if we connected to a 
long open section of over-pressured annulus to 892 m. 

We attempted to install another BQ tube within the annulus between 10” and PWT casing, 
but this failed due to cement from the first operation. 

All options required that the upper part of the hole be made secure by cementing the 
annulus. This was completed on 17/12/14. 
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A13.8 CONCLUSIONS 

The design weight of the completed PWT string full of cement in a hole topped up with mud 
was 23.2 ton, which is well within the manufacturer specification of 40 ton static yield 
strength. 

The rig data and drillers’ observations lead to a compelling conclusion that failure of the PWT 
string occurred at the second thread down within the 51st 9 m casing section during 
installation. It parted under a load of 2.3 ton at the joint. It remains unclear how this thread 
could have failed at such a low load. It is implausible that it unscrewed. 

The casing failure resulted in only a subtle change in load and was not noticed until cement 
was pumped. It was then too late to remediate the situation. 

Our final conclusion was that it would be cheaper and more effective to start the hole again. 
We decided to make the hole safe with cement and use the hole for seismology and 
temperature observations. 

Casing failures occur in the petroleum, geothermal, and minerals industry. Our primary 
conclusion is that it was bad luck to have a faulty piece of casing, and that this caused the 
failure. However, the key point of learning from this experience is that such a failure need not 
have caused abandonment of the project. The poor outcome resulted from the fact that it 
was noticed too late. If it had been identified as an issue before cement was pumped, then it 
would have been reasonably straightforward to remediate the situation. 

It is normal practice to cement casing very soon after it is installed, because the borehole is 
in a relatively high-risk uncontrolled state during the installation. Therefore, it is essential to 
have data and protocols that work in real time during such an operation. Specifically, we 
could have avoided the situation if: 
1. We had had a protocol in place that stopped operations and demanded analysis 

and investigation when mud displacement ceased during the installation. The 
driller continued operations making the incorrect assumption that the float shoe 
had failed, and that it was not serious. 

2. We had had a drill rig data information and analysis system that was easier to 
use in real time; and that we had looked at those data and analysed them before 
cementing. 

3. We had run a test (e.g. a tracer test) to check casing integrity and cement 
volumes before cementing. 
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A13.9 PWT CASING STRING 

Stickup is -1.21 m to top of landing joint, so add 1.21 m to ‘from top’ values. 
 Length From base From top 

 m m m 

Float Shoe at base 0.4 0.4 888.32 

XO 0.16 0.56 887.92 

1 9 9.56 887.76 

2 9 18.56 878.76 

3 9 27.56 869.76 

4 9 36.56 860.76 

5 9 45.56 851.76 

6 9 54.56 842.76 

7 9 63.56 833.76 

8 9 72.56 824.76 

9 9 81.56 815.76 

10 9 90.56 806.76 

11 9 99.56 797.76 

12 9 108.56 788.76 

13 9 117.56 779.76 

14 9 126.56 770.76 

15 9 135.56 761.76 

16 9 144.56 752.76 

17 9 153.56 743.76 

18 9 162.56 734.76 

19 9 171.56 725.76 

20 9 180.56 716.76 

21 9 189.56 707.76 

22 9 198.56 698.76 

23 9 207.56 689.76 

24 9 216.56 680.76 

25 9 225.56 671.76 

26 9 234.56 662.76 

27 9 243.56 653.76 

28 9 252.56 644.76 

29 9 261.56 635.76 

30 9 270.56 626.76 

31 9 279.56 617.76 

32 9 288.56 608.76 
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 Length From base From top 

 m m m 

33 9 297.56 599.76 

34 9 306.56 590.76 

35 9 315.56 581.76 

36 9 324.56 572.76 

37 9 333.56 563.76 

38 9 342.56 554.76 

39 9 351.56 545.76 

40 9 360.56 536.76 

41 9 369.56 527.76 

42 9 378.56 518.76 

43 9 387.56 509.76 

44 9 396.56 500.76 

45 9 405.56 491.76 

46 9 414.56 482.76 

47 9 423.56 473.76 

48 9 432.56 464.76 

49 9 441.56 455.76 

50 9 450.56 446.76 

51 9 459.56 437.76 

52 9 468.56 428.76 

53 9 477.56 419.76 

54 9 486.56 410.76 

55 9 495.56 401.76 

56 9 504.56 392.76 

57 9 513.56 383.76 

58 9 522.56 374.76 

59 9 531.56 365.76 

60 9 540.56 356.76 

61 9 549.56 347.76 

62 9 558.56 338.76 

63 9 567.56 329.76 

64 9 576.56 320.76 

65 9 585.56 311.76 

66 9 594.56 302.76 

67 9 603.56 293.76 

68 9 612.56 284.76 

69 9 621.56 275.76 
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 Length From base From top 

 m m m 

70 9 630.56 266.76 

71 9 639.56 257.76 

72 9 648.56 248.76 

73 9 657.56 239.76 

74 9 666.56 230.76 

75 9 675.56 221.76 

76 9 684.56 212.76 

77 9 693.56 203.76 

78 9 702.56 194.76 

79 9 711.56 185.76 

80 9 720.56 176.76 

81 9 729.56 167.76 

82 9 738.56 158.76 

83 9 747.56 149.76 

84 9 756.56 140.76 

85 9 765.56 131.76 

86 9 774.56 122.76 

87 9 783.56 113.76 

88 9 792.56 104.76 

89 9 801.56 95.76 

90 9 810.56 86.76 

91 9 819.56 77.76 

92 9 828.56 68.76 

93 9 837.56 59.76 

94 9 846.56 50.76 

95 9 855.56 41.76 

96 9 864.56 32.76 

97 9 873.56 23.76 

98 9 882.56 14.76 

99 3 885.56 5.76 

Landing Joint 2.76 888.32 2.76 

Top    
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A13.10 FLOAT SHOE FAILURE CALCULATIONS 

A13.10.1 Definition of symbols 

R1 internal radius of float shoe opening (0.029 m) 

R2 internal radius of PWT casing (0.064 m) 

R3 outside radius of PWT casing (0.070 m) 

R4 internal radius of 10” casing (0.127 m) 

H length of PWT string before failure (567.6 m) 

h depth to mud within PWT after failure 

d depth to mud within annulus after failure 

p equilibrium excess pressure in PWT string after failure (above atmospheric) 

Pa atmospheric pressure (101 kPa) 

P pressure 

V volume 

T temperature 

C constant value 

γ = (f+2)/f adiabatic power exponent for gas with degree of freedom f (air has γ = 7/5) 

ρ  density of mud (assume 1070 kg m-3) 

g  gravitational acceleration = 9.81 m s-2 

π  3.14 

2
2RAi π=  internal cross-section area within PWT string 

)( 2
3

2
4 RRAa −= π  cross-section area of annulus 

The weight of PWT casing is 21.4 kg m-1 in air, 18.5 kg m-1 in mud, and 4.9 kg m-1 if floating. 

The initial weight of the floated casing string is 27.4 kN, equivalent to 2800 kg. 

A13.10.2 Impulsive force on PWT string 

An impulsive force would be experienced if the float valve burst. The force is given by the 
product of the pressure difference and area: 

2
1RgHFi πρ=  

The pressure difference at the shoe before failure was 5.95 MPa (864 psi). 

The impulsive force was 15.7 kN, equivalent to an extra load of 1600 kg. 
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A13.10.3 Case 1: no pressure within PWT string 

If failure occurred while the PWT string was open to the atmosphere, then there was no final 
pressure difference. The mud level inside and outside PWT casing would equilibrate to the 
same level, d=h. 

Initial volume of air in the PWT is: 

iHAV =  

The volume of mud in the hole remains constant:  

)( aii AAhHA +=  

The new mud level, h, is 152 m below the initial annulus mud level. 

The volume of air expelled up the PWT casing string is given by 

iAhHV )( −=  

And is equal to 5350 l. 

The final apparent weight of the drill string would be 107 kN, equivalent to 10,900 kg. 

A13.10.4 Case 2: pressure within PWT string 

If failure occurred while the PWT string was closed to the atmosphere above (attached to 
head), then the string will be pressurized. The mud volume would remain constant, but the 
mud level inside and outside the casing would equilibrate to different values. 

Conservation of mud volume: 

aii dAhAHA +=  [E1] 

Equilibrium of forces afterwards: 

gdghp ρρ −=  [E2] 

Assuming adiabatic compression of air (no heat transfer): 

γγ
21 pVVPa =  

γγγγ
iia AphAHP =  

γ







=

h
HPp a  [E3] 

E1 and E2 combine to eliminate d: 

( )hH
A
Agghp

a

i −−= ρρ  [E4] 

Combining E3 and E4: 
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a

i  [E5] 

032
1

1 =+++ ChChC γγ  [E5] 

This equation can be solved numerically and then substituted in E1 and E2 to give: 

h = 185 m, d = 139 m, p = 0.48 MPa (70 psi). 

The temperature can be found from the law of gases 

2

2

1

1

T
pV

T
VPa =  

HP
hpTT

a

1
2 =  

An initial air temperature of T1 = 20°C = 293 K gives a compressed temperature T2 = 453 K = 
181°C. 
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APPENDIX 14: POST-DRILLING TECHNICAL WORKSHOP, MARCH 2015 

8-19 March 2015, GNS Science, 1 Fairway Drive, Lower Hutt 

A14.1 TERMS OF REFERENCE 

1. Establish and document facts: 
a. What worked and what didn’t?  
b. What were specific circumstances and reasons for technical problems? 

2. When we do it again, what equipment and operational procedures are needed to 
accomplish our goals with reduced technical risk? 

A14.2 PARTICIPANTS 

• Rupert Sutherland, GNS Science 

• John Townend, Victoria University of Wellington 

• Bain Webster, Webster Drilling 

• Tony Lyons, Eco Drilling 

• Tony Kingan, Webster Drilling 

• Luke Valor, Ocean Harvest International 

• Alex Pyne, Science Drilling Office, Victoria University of Wellington 

• Lindsay Fooks, Geothermal Associates 

A14.3 AGENDA 

Wednesday 18 March 

09:30-10:00 Coffee 

10:00-12:00  Session 1: Review of operations and discussion of agenda 

12:00-13:00 Lunch at GNS 

13:00-15:00 Session 2 

15:30-17:00 Session 3 

19:00-21:00 Dinner 
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Thursday 19 March 

09:00-10:00  Session 4:  Review of previous day 

10:30-12:30 Session 5 

12:30-13:30 Lunch at GNS 

13:30-15:30 Session 6:  Preparation for next time: what did we learn; and what will we do? 

A14.4 MINUTES 

A14.4.1 Management of change process 

Plans changed many times during the experiment, both by design, or in response to 
circumstances. There was agreement by the group that it would have been helpful to have a 
more clearly defined process for identifying, planning, and documenting change. 

It is easier to manage normal operations, and especially change, if better fore-thought is 
already documented, and can then be re-thought and re-documented easily. Specific 
knowledge and calculations include such the weights of drill strings, volumes of cement, etc. 

A14.4.2 Site design and preparation 

Agreement that site was fit-for-purpose and prepared in good time. 

Only issues that could have been improved relate to mud system design and management. 
• Mud pits a bit big, difficult to manage – especially solids management. 

• An improved method of near-rig emergency bypass diversion would have been 
preferable, and should have been in place at the start of operations. 

• Improved far-field worst-case diversion preferable to ensure mud/cement could not 
reach the creek, but instead would end up on river flat. There were no toxic chemicals 
involved. However: fine solids could have affected the creek ecosystem, but were 
very unlikely to have any significant effect on the high-flood area of Whataroa river 
bed. 

A14.4.3 Sediments 

The sediment thickness was not predicted accurately, and this led to the failure of DFDP-2A. 
Importantly, the true thickness was not within our uncertainty estimation. However, even with 
hindsight, it is hard to understand from a geological perspective how such a thickness is 
possible.  Additionally, the presence of silts was a confounding factor as air-drilling with 10” 
casing wasn’t as effective as intended and the rig was not able to pull back 12” casing due to 
a combination of weight and friction. If the worst-case uncertainty had been more accurately 
predicted (e.g. from seismic-reflection data in the centre of the valley), then the DFDP-2B 
well plan would have been the correct starting option (minimal extra cost in DFDP-2B plan, 
but more options).  

Some general points of learning are below. 
• Start big – give yourself options. We should have started with 16”. 

• Be prepared – we should have had the mud system mobilised before the pre-collar 
operation, to give more options. 
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• Basic plan for DFDP-2B was good: 

A. Air to below gravels as far as possible; 

B. Mud open-hole through silts (not known until after DFDP-2A was drilled); 

C. Dual rotary as deep as possible; 

D. Cement base of casing; squeeze cement if problem; 

E. Option to use second rig for 10” equivalent next time; 

F. Under-ream in basement and squeeze cement to get solid shoe. 

• Formation integrity test, once cemented in basement, then install pressure control, 
diversion, and well head suitable for under-balanced drilling. 

A14.4.4 Well head 

• Buried half-container with concrete floor worked well for a cellar. 

• The installation went to plan and the annular preventer was fit-for-purpose. 

Next time: 
• Spend time to properly cement casing shoes (though this did not cause a problem). 

• Consider installing more sophisticated pressure control and diversion, so that under-
balanced drilling could be considered (many scientific advantages). 

A14.4.5 Wire rope failure 

It was agreed by all that this was dealt with appropriately at the time. It was not caused by 
inappropriate use of equipment, but the rig was not equipped (by the manufacturer) as 
specified (and independently certified). 

Follow-up on this equipment failure is the responsibility of the drillers. 

A14.4.6 Mud system 

We encountered difficulties maintaining mud properties due to dilution and sediments coming 
in, and would have benefited from using enclosed tanks with centrifuges, roofed pits, etc. 
Tanks could be buried to keep them below the rig/wellhead. 

At the end of the drilling operations, mud was cut by cement. Since operations ended, this 
didn’t cause particular problems. However, it meant that we would have had high suspended 
solids in the mud that could have posed problems for coring.  

The upshot of the mud handling was that we used more product than should have been 
necessary. 

A14.4.7 Drilling 8.5” open hole 

Deviation azimuth was very stable and did not depend on BHA or bit choice. Azimuth was 
towards the fault, so advantageous. We can expect this next time too. 

Deviation tilt grew to 45 degrees, which was potentially a problem for later coring operations. 

Temperatures were much higher than expected. 
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Seven BHA configurations were tried. 
1. PDC bit (new), packed BHA, 276-397 m. Poor result. Moderate ROP, poor bit life, 

large tilt growth, poor hole gauge. 
2. Tricone bit (used) and BHA dropped. Wire rope failure – no drilling data. 
3. 447 tricone bit (used), pendulum BHA, 397-490 m. Lower tilt growth. Better result 

than PDC bit. 
4. PDC bit (new), reduced-length pendulum BHA, 490-527 m. Very poor result. Bit 

trashed after <40 m. 
5. 447 tricone bit (used), reduced-length pendulum BHA, 527-546 m. Poor results 

due to broken or worn BHA components and old bit. Break to recondition collars 
and cross-overs, and source new bit. 

6. 747 tricone bit (new), reduced packed BHA, 546-826 m. Moderately good result – 
stable ROP, bit OK. Note that geological change evident in temperature data 
below 730 m, and growth of tilt was less. 

7. Continued use of BHA 6, 826-893 m with good results. 
• Lost BHA occurred due to broken thread on cross-over. Other threads cracked and 

not used. 

• Stabilizers badly worn. 

• Lack of collars, cross-overs, and stabilizers limited BHA options significantly, 
especially limiting weight-on-bit, with negative consequences for rate of penetration. 

In future: 
• Have plenty of spare collars and stabilizers available on site. 

• Avoid using cross-overs, were possible. 

• Have appropriate new tri-cone bits available. 

It may have been possible to complete this section of hole in <2 weeks with a tilt of <40 
degrees, possibly <30 degrees. 

In future, we will consider the use of: 
A. Expert advice to plan better BHA configurations. 

B. Use of a down-hole motor to reduce stabilizer wear. 

C. Use of a down-hole motor for directional drilling, to reduce tilt growth. 

D. Use of alternate drilling technology e.g. hammer drilling. 

A14.4.8 Decision to switch from 7” to PWT casing 

Driven by the following factors. 
• Budget (simplification of plan, price of install, less materials). 

• Temperature implications for observatory components (PWT option allowed 
installation of fibre-optic cable behind casing).  

• Drilling results suggested hole was more stable than originally thought. The original 
safety reason for 7” was adequately satisfied by use of HWT casing/HQ drill rod 
combination. However, the reduction in casing size did remove one option of hole 
reduction later. 
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Extensive collaborative discussions were held. All were agreed it was a good process; but 
would have been better to document via a more prescribed ‘management of change’ 
process. 

A14.4.9 Increased depth of casing from 800 m to 890 m 

The geology as drilled suggested casing deeper was better. The plan was always a nominal 
800 m, to be finally determined by geology. 

The final casing depth was based on consideration of: (1) geological determination of 
distance to the fault; (2) borehole safety, including borehole stability and high bottom-hole 
temperatures. 

It was agreed by all that there was a good collaborative process for making this decision; but 
would have been better to document via a more prescribed ‘management of change’ 
process. 

A14.4.10 Running casing 

The group agreed that: 
• Use of properly calibrated instruments to monitor head load and torque should be 

done, but was not during installation (due to lack of confidence in instrumentation, 
and poor ease of use of display). These data should be (and were) recorded. 

• Any significant events that are not in the plan should be immediately identified, and 
the group should review data and agree to continue, or change the plan. 

• If anomalous data or observations are identified (e.g. lack of mud displacement), then 
it is a significant event, and further tests should be made. Possibilities are: 

• Push-pull test – is it what you expect? 

• Tracer or dye test in mud circulation, and other mud parameters (e.g. 
temperature) monitored. 

• Wireline tool investigation. 

• Pressure test of casing (e.g. we had appropriate packer tool) 

It should have been easy to identify the broken casing, and to remediate the situation before 
cementing. We did not identify the casing break, and had no time to consider data. 

A14.4.11 Cementing 

The cementing operation went badly – see PWT failure report. 

The cement arrived very soon after BQ pipe was installed, and there was no time to stop and 
think, or to cancel cement. 

It is standard practice in petroleum and geothermal drilling to cement very soon after 
installation, to avoid hole instability (and/or possibility of uncontrolled flow). However, after 
discussion, the group suggested that it would have been preferable to plan to have several 
hours of circulation to: clear hole of cuttings, cool rock, review installation data, run tracer 
tests, and leave time to cancel cement delivery if a problem was identified. 
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A14.4.12 Reason for casing failure 

We will never know the exact reason for casing failure. However, we know quite a bit about 
what happened: 

• It failed at low load (2.3 ton), at a joint within a pre-made 9 (3x3) m section.  

• The faulty component was visually inspected several times during make-up and 
installation, but had no obvious sign of thread irregularity or imminent failure.  

• The joint in question went together easily and was then torqued three times (pre-
assembly by hand; and then by the head when lifted off pipe handler, and on make-
up). Rig data show that it was torqued by the head at the pre-set make-up torque (as 
per other joints). 

• The static rated failure load was about 40 ton, so it failed at only 5%. There must 
have been a serious defect in the steel of the joint, but it was not visible. 

Conclusion: it was unlikely and unfortunate, but if we had noticed there was a problem, we 
could have remediated the problem. In the event, however, the casing underwent an 
undetected low-stress failure that was catastrophic from the point of view of continued 
drilling. 
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APPENDIX 15: DFDP-2 POST-DRILLING SURVEY 

An informal survey was conducted in April/May 2015 to solicit feedback about on-site 
operations and logistics from the Science Team. A total of 68 responses were received. 
Summarized results for each question are illustrated/tabulated below.  

Q1. Please enter your status/seniority (at the time you were on-site). (67 answers) 

 

Q2. Approximately how long did you spend in Whataroa? (68 answers) 
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Q3. (Only asked of those respondents who were not on site.) What prevented you from 
being on site during drilling? (12 answers) 

 

Q4. What roles were you allocated withn the science team? (52 answers) 
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Q5. What tasks did you expect to do on site and what tasks did you actually do? (49 
answers) 
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Q6. Please rate how well each of the following aspects of the science team’s 
operations was handled (54 answers) 
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Q7. We were unsuccessful in drilling to our target depth and acquiring all of the 
samples and data intended. In your opinion, were the protocols, procedures, and 
equipment in place within your subteam suitable and sufficient to meet the project’s 
overall objectives if we had intersected the Alpine Fault and reached the target depth? 
(54 answers) 
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Q8. (Only asked of those respondents who answered “no” to Q7.) Please explain in 
what ways you think the protocols, procedures or equipment should have been 
modified in order to best meet our scientific objectives. (10 answers) 

On the observatory front I suspect we would have had issues with the complexity 
of the planned observatory and some of the technical aspects of the installation 

(particularly around the cement job). An observatory specific engineer was 
potentially needed to check the plan - Alex was great but spread thin. 

The wireline tools had too low temperature rating. Even though the geothermal 
gradient was as expected, several key date would have missed: 

- downhole fluid pressure (MUSET, Idronaut tool, rated until 50°C only) 
- same for SP measurement 

- good caliper data. The borehole was too tilted to get good mechanical data as 
the mechanical caliper could not open fully. But a 4-arm caliper also give more 
than a minimal caliper. Such a caliper also tends to get their arms entering the 

breakout, and can help to identify them.  
 

A better knowledge of the change in mud (some new heavier mud seems to have 
been inserted before some wireline logging session => perturbation in T profile 

and more attenuation of BHTV signal) 

The logging tools would likely not have been able to work at high temperature. I 
am aware there were ongoing discussions to get higher temperature tools. 

However, the diameter smaller than planned due to the additional casing might 
have been an issue for some tools. 

There are two technical reasons why we were unsuccessful in drilling. One is the 
schedule. I guess that the weight on bit was very heavy to keep to the schedule. 

This caused a deflection of the borehole. The other is borehole inclination control. 
At least using single shot electric inclinometer is necessary. I think the protocols 

itself were well prepared.  
 

Another problem is the preparation for the geological description. We finalized 
the core handling protocols on-site. But we had to prepare the draft of the core 
handling protocols by the planning workshop and should have enough time to 
discuss what kind of tools are necessary for the geological description and the 

core log integration. 

Equipment not suitable for high temperatures 

Sampling of cuttings and mud (especially towards the start of bedrock drilling) 
were very haphazard. A technique to collect and clean the material before 

analysis wasn't in place before drilling. 

Protocols and procedures needed to be planned in advance and discussed and 
roles assigned so everyone knew what they were doing. I feel that a lot of things 
fell through the cracks and more would have if we had gotten to coring because 
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very few people knew what needed to happen and why and how they were to be 
involved. There need to be more communication between PI's, subteam leaders, 

and team members 

High temperature logging tools instead of standard tools 

We need to be ready for higher temp 

Q9. Please rate the quality of the logistical infrastructure (54 answers) 

 

Q10. What were the scientific highlights of your time spent in Whataroa? (42 answers) 
First Second Third 

Looking at how a drilling project 
operated 

Debating geophysical interpretation 
problems with a variety of scientists 

 

Teamwork, interaction with fellow 
scientists 

  

Tapping hot water with drill. High 
geothermal. 

Protocols for handling cuttings 
coming together. 

 

learning various new methods 
related to scientific drilling 

  

Extended interactions with 
colleagues 

Progress on papers Mastering real time monitoring and 
knowing I can do it ~ in my sleep 

learning about scientific drilling deep sediment-filled valleys... hot water... 

Time to explore Alpine fault and 
surrounding geology in depth 

Interaction with other members of 
the science team -- I learned a lot 

Learning to analyze cuttings from 
the borehole and interesting 
downhole data 
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First Second Third 

Hydraulic dataset from the Alpine 
Fault hanging wall 

Discussions with and chance to 
benefit from the knowledge of other 
members of the science team 

Chance to learn more about 
scientific drilling 

The ginger crunch The geyser Observing social interactions of 
Homo sapiens under conditions of 
stress. 

Interacting with the PI's Discussing project with colleagues 
(Schmitt and Eccles) 

See the operation in action 

learning on-site about drilling exchanging views with a large 
group of international 
students/researchers 

 

Almost 17.5km of logs The geothermal profile The moderate overpressure and 
the high fracturation state of the 
formation 

educational insight on how the 
operations ran 

being on-site when the lithology 
changes occured 

 

Success of the fishing Arrival to bedrock Geological field trips 

Co-leading fieldtrips for project 
participants and discussing ideas 
with them in the field 

Teaching other participants 
protocols for fluid sampling and 
about the importance of fluid 
chemistry analyses for the project 

Learning how to run the gas lab 
and observing spikes in gas data 
and being able to relate this to what 
was going on down the hole from 
and engineering or scientific 
perspective 

Field work/discussions/networking 
with top researchers in my field 

Hands on experience of a working 
drill site 

 

Meeting other researchers, 
contacts 

Working on site, learning new 
techniques 

Socializing with team 

Fuitful discussions with other 
scientists of my specialty 

extensive logging data! Fuitful discussions with the science 
team to help with data 
interpretation. 

Drilling operations Importance of mud weight  

Discussion with Dr. David 
McNamara how to determine the 
stress profile of the crust based on 
the core analysis. 

Discussion about the core-log 
integration. 

Discussion about the core handling 
procedure protocol. 

Seeing that seismic data proved 
useful to working out problems 

I read lots of papers and helped 
Sam with his summer project 

Discussions with other people on 
site 

Depth of bedrock Recovery of the "moon rock" Measurements of borehole 
temperature 

Field Work Cuttings analysis Drilling technology 

thermal data interacting with other scientists  

artesian well at 236m depth   

the New Zealand Geology the cuttings  
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First Second Third 

Being part of an amazing and 
varied science team and the 
science discussions which went on 
between us 

Being on site when we intersected 
basement!! 

Learning how to make thin sections 

finding a highly fractured zone and 
being able to see chemical changes 

learning about microstructure from 
Alan Cooper 

the temperature gradient of the 
borehole 

Seeing the drill site and the 
equipment, etc. there 

Working with the seismic 
monitoring team 

 

Very high temperature gradient   

discussions with other scientists helping with well logging learning to make thin sections 

Learning about wireline logging Learning about mud gas 
measurements 

Learning about the proto- to 
mylonite transition 

Collect samples for microstructural 
analyses 

Describe cuttings  

experience in drilling practice considering 4-D geological 
problems 

 

Everything! Downhole measurements the "hot spring" 

Deploying an operationally effective 
real-time seismic monitoring system 
(great experience) 

Evening talks and general 
collaboration in Whataroa 

Experiencing how many things 
went into the drilling project and the 
range of science being done. 

Thickness of the Quaternary Downhole Temperatures Production of fluid 

networking with scientists from all 
over the world 

gaining experience working on a 
major scientific project 

seeing the Alpine Fault at Gaunt 
Creek 

Collecting data-onsite Discussing science with 
international collaborators 

Meeting students and talking about 
their work with them. 

Meeting many excellent scientists 
from different backgrounds. 

Spending time as the real-time thin 
section geologist. 

Discovering unmapped sections of 
the AF trace in the field. 

collaboratong in logging learning dryails of the rocks mear 
the fault 

general imcrease in my oberall 
understanding of fault structure 

field collection of alpine samples on-site analysis of samples geologic excursions to outcrops 
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Q12. What aspects of the project management, leadership, and communication would 
you most like to have improved? 
First Second Third 

Better communication between on 
and offsite roles. 

  

None   

PI's prime job must be consultation 
and communication. 

Daily info meeting. More consultation and discussion. 

Better communication between PIs 
and Subteams 

...and probably better 
communication between PIs as 
well. We often received conflicting 
information from different PIs 

 

The drilling plan was finalised quite 
late which put a rush on the 
observatory and limited choices 

Communication between science 
team onsite and offsite 

 

different PIs sometimes 
communicated conflicting info 

better communication system in 
place 

 

In the end it was moot, but the 
unclear nature of what it meant to 
be a participant and how samples 
would be handled was a source of 
stress in the scientific team. 
Finalizing relevant guidelines early 
and decisively would have 
improved morale over this issue. 
Nonetheless, I did oberve that 
overall morale was high, amazingly 
so, among the on site team! 

  

More sleep for the PI's   

Encourage the distribution and 
discussion of intermediate results 
(synthetic results on cuttings 
sometimes hard to get) 

  

explanation of the decision making 
process 

more feedback on how to improve 
on my responsibilities 
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First Second Third 

Shift progress updates - short 
summary of depth, drilling rate, 
lithology?, and problems 
encountered to be put on a shared 
site/ wiki/ doc at end of each shift 
(similar to what was written on 
white board in Wilson St after each 
shift change. 

The science protocols/ policy to be 
outlined clearly and sent to all 
participants BEFORE the drilling 
starts/ people commit to working on 
the project 

A large proportion of the 
participants were early career/ PhD/ 
Masters students with very little 
experience of working on 
large/drilling projects - so 
communication of the different 
stages of dealing with (engineering) 
problems could be improved - there 
was often a lot of jargon and 
assumed knowledge that left a lot 
of the more junior members of the 
team feeling lost when drilling had 
stopped and they didn't understand 
how the problems were being 
tackled. 

This was excellent, though at times 
communication of news regarding 
key events to the greater team 
seemed delayed. 

  

updates on drilling status 
once/twice a day 

the "working house" was good, but 
some people were still working from 
their rooms (office room too 
small??). It would have improved 
data interpretation while drilling to 
have everyone showing up in one 
working environment to facilitate 
chats about the data, relevant for 
drilling and science operations. 
Especially the PIs interpreting data 
only from their motel room. 

Clearer discussions about how long 
I was expected to stay at Whataroa, 
instead of asking me to stay a bit 
longer multiple times. 

Technical concerns should be 
discussed to clarify problems, and 
prepare the solutions before 
planning workshop. The planning 
workshop should be to make 
decisions for protocols, procedure 
and etc. 

Unexpected things may happen 
during the drilling. Before starting 
the drilling, we should expect 
several unexpected things, and 
prepare several measures to take. 

Scheduling and contingency funds 
are important 

Communication of Drilling activities 
to the international community 
(daily reports) 

  

While I was there (end Dec) 
everybody was in go home mode, 
no science happened anymore on 
site 

  

More progress updates More discussion of drilling strategy 
with larger group 

PI's need to be united on all 
decisions, no "visible" gaps 
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First Second Third 

A dedicated "communications 
manager" would have been nice. 
They could provide general updates 
via facebook or a blog, as well as 
daily updates on schedule changes, 
science updates, outings, etc. 

  

no improvement necessary   

Better communication between the 
PI's and team about day to day 
progress. Maybe a time each day 
(say after dinner) when we could 
get a ~5 minute summary of what 
happened that day. I know this 
happened sometimes which was 
great but it would have been good if 
it was more formalised 

Maybe having a smaller but more 
committed science team. ie fewer 
people, but those who are there 
stay for the entire duration. Less 
people just coming for a week or 
so. Though I do recognise with 
some people it is very hard to stay 
for a long period on the drill site 

 

leaders having clear purpose shifts  

No suggestions   

I feel there should be some 
contingency plan when drilling 
operation has some problem 

  

Subteam leaders needed to 
communicate with team members 
instead of doing it all themselves 

regular updates about what was 
happening and future plans 

Updates about science and what 
wea had learned 

Daily science communication Project progress communication Morale 

A little bit better communication 
between the PIs and the rest of the 
members would improve a lot how 
things are going on the drill site and 
how things are evolving 

  

the pre-drill planing and scientific 
expectations should have been 
better understood 

  

Consistency with data entry, 
formats and storage. (It should be 
easy now that we know which data 
formats were most useful and 
which procedures worked best.) 

The same about pictures. (Also, I 
don't think the "picture of the day" 
has to be one taken on that day, 
especially if nothing exciting was 
happening.) 

Having more people authorized to 
do the safety induction. (Not to lose 
time by waiting for it.) 

Site investigations could have been 
ready earlier 

Post project communication seems 
lacking 

Contingency planning might have 
been better 

communication to and with people 
off site 

  

a clearer plan for 
tasks/scheduling/goals/specific 
roles from sub team leaders upon 
arrival in Whataroa 

more science team meetings walkie talkies for onsite 
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First Second Third 

Communication between the 
geophysicists, field geologists and 
principal scientists pre site selection 
could have been better. 

There was, at times, confusion over 
DIS entry protocol between sub 
team leaders. 

 

more communication between 
leaders 

more unified agreement on how to 
do sample description 

 

Q13. DFDP-2 has not yet met all the original objectives. If drilling were to be 
undertaken again near Whataroa, would you be keen to participate? (62 answers) 
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Table A7. 2 Wireline summary 

                       

  
# # Date Time Date Time stack 

 
Reference Depth (m) Depth (m) length (m) 

 
interval (mm) speed (m/min) Start (m) End (m) 

 DFDP-2A 1 01 1 2014-10-08 17:03 2014-10-08 

 
QL40-FTC-GR DOWN CTA 24.12 1.97 22.15 JP-BC 50 4 1.87 1.87 DFDP-2A_R01_P1_20141008_QL40-FTC-GR_DOWN1_50mm.tfd 

DFDP-2A 1 01 2 2014-10-08 

 
2014-10-08 

 
QL40-FTC-GR DOWN CTA 32.23 23.93 8.30 JP-BC 50 4 1.87 1.87 DFDP-2A_R01_P2_20141008_QL40-FTC-GR_DOWN2_50mm.tfd 

DFDP-2A 1 01 3 2014-10-08 

 
2014-10-08 17:38 QL40-FTC-GR UP CTA 32.10 1.90 30.20 JP-BC 50 

 
1.87 1.87 DFDP-2A_R01_P3_20141008_QL40-FTC-GR_UP1_50mm.tfd 

DFDP-2A 4 02 1 2014-10-22 17:03 2014-10-22 

 
MUSET DOWN CTA 28.47 5.77 22.70 JP-MLD 50 4 1.88 1.85 DFDP-2A_R02_P1_20141022_Muset_dwn_5cm 

DFDP-2A 4 02 2 2014-10-22 

 
2014-10-22 17:40 MUSET UP CTA 28.46 26.34 2.12 JP-MLD 50 10 1.88 1.85 DFDP-2A_R02_P2_20141022_Muset_up_5cm 

DFDP-2A 4 03 1 2014-10-22 17:50 2014-10-22 18:20 IDRONAUT DOWN CTA 27.99 6.24 21.75 JP-MLD 50 4 1.47 1.5 DFDP-2A_R03_P1_20141022_Idronaut_dwn_5cm 

                    DFDP-2B 2 01 1 2014-10-14 17:45 2014-10-14 18:49 QL40-FTC-GR DOWN CTB 275.87 1.97 273.90 GH-BC 50 4 1.87 1.24 DFDP-2B_R01_P1_20141014_QL40-FTC-GR_DOWN1_50mm.tfd 

DFDP-2B 2 02 1 2014-10-14 20:10 2014-10-14 

 
QL40-ABI40 DOWN CTB 7.24 1.69 5.55 GH-BC 4 5 1.68 1.27 DFDP-2B_R02_P1_20141014_QL40-ABI40_DOWN1_04mm_072.tfd 

DFDP-2B 2 02 2 2014-10-14 

 
2014-10-14 20:54 QL40-ABI40 DOWN CTB 274.94 7.24 267.70 GH-BC 50 5-10 1.68 1.27 DFDP-2B_R02_P2_20141014_QL40-ABI40_DOWN2_50mm_072.tfd 

DFDP-2B 2 02 3 2014-10-14 20:56 2014-10-14 21:18 QL40-ABI40 UP CTB 274.96 263.91 11.05 GH-BC 4 0.2-0.5 1.68 1.27 DFDP-2B_R02_P3_20141014_QL40-ABI40_UP1_04mm_288.tfd 

DFDP-2B 2 02 4 2014-10-14 22:10 2014-10-14 22:29 QL40-ABI40 UP CTB 274.98 263.36 11.62 GH-BC 2 0.5 1.68 1.27 DFDP-2B_R02_P4_20141014_QL40-ABI40_UP2_02mm_288.tfd 

DFDP-2B 2 02 5 2014-10-14 22:31 2014-10-14 23:08 QL40-ABI40 UP CTB 263.02 1.32 261.70 GH-BC 50 

 
1.68 1.27 DFDP-2B_R02_P5_20141014_QL40-ABI40_UP3_50mm_072.tfd 

DFDP-2B 3 03 1 2014-10-18 11:50 2014-10-18 

 
MUSET DOWN RT 268.48 1.98 266.50 GH-BC 50 4 1.88 1.81 DFDP-2B_R03_P1_20141018_MUSET_DOWN1_50mm.tfd 

DFDP-2B 3 03 2 2014-10-18 

 
2014-10-18 

 
MUSET DOWN RT 272.53 265.08 7.45 GH-BC 50 

 
1.88 1.81 DFDP-2B_R03_P2_20141018_MUSET_DOWN2_50mm.tfd 

DFDP-2B 3 03 3 2014-10-18 

 
2014-10-18 

 
MUSET UP RT 271.78 264.78 7.00 GH-BC 500 

 
1.88 1.81 DFDP-2B_R03_P3_20141018_Muset_up1_5cm 

DFDP-2B 3 03 4 2014-10-18 

 
2014-10-18 13:05 MUSET UP RT 30.49 1.84 28.65 GH-BC 50 

 
1.88 1.81 DFDP-2B_R03_P4_20141018_Muset_up2_5cm 

DFDP-2B 5 04 1 2014-10-23 15:44 2014-10-23 18:10 QL40-FTC-GR DOWN RT 396.82 1.97 394.85 JP-BC-MLD 50 4 1.87 1.76 DFDP-2B_R04_P1_20141023_QL40-FTC-GR_DOWN1_50mm.tfd 

DFDP-2B 5 05 1 2014-10-23 18:23 2014-10-23 

 
QL40-ABI40-SGR UP RT 379.63 377.68 1.95 JP-BC-MLD 2 0,5 2.61 2.53 DFDP-2B_R05_P1_20141023_QL40-ABI40-SGR_up1_2mm_288ppt.tfd 

DFDP-2B 5 05 2 2014-10-23 

 
2014-10-23 

 
QL40-ABI40-SGR UP RT 378.54 377.53 1.01 JP-BC-MLD 4 1 2.61 2.53 DFDP-2B_R05_P2_20141023_QL40-ABI40-SGR_up2_2mm_288ppt.tfd 

DFDP-2B 5 05 3 2014-10-23 

 
2014-10-23 23:00 QL40-ABI40-SGR UP RT 394.83 263.88 130.95 JP-BC-MLD 4 1 2.61 2.53 DFDP-2B_R05_P3_20141023_QL40-ABI40-SGR_up3_4mm_144ppt.tfd 

DFDP-2B 5 06 1 2014-10-23 23:30 2014-10-24 01:40 MUSET DOWN RT 394.98 1.98 393.00 JP-BC-MLD 50 4 1.88 1.8 DFDP-2B_R06_P1_20141024_MUSET_DOWN1_50mm.tfd 

DFDP-2B 5 07 1 2014-10-24 02:11 2014-10-24 02:26 DLL DOWN RT 396.74 262.29 134.45 JP-BC-MLD 50 10 2.27 2.17 DFDP-2B_R07_P1_20141024_DLL_DOWN1_50mm.tfd 

DFDP-2B 5 07 2 2014-10-24 02:26 2014-10-24 02:41 DLL UP RT 396.61 265.16 131.45 JP-BC-MLD 50 10 2.27 2.17 DFDP-2B_R07_P2_20141024_DLL_UP1_50mm.tfd 

DFDP-2B 5 08 1 2014-10-24 03:38 2014-10-24 03:44 QL40-BSS-GR DOWN RT 394.99 265.94 129.05 JP-BC-MLD 50 7 2.5 2.42 DFDP-2B_R08_P1_20141024_QL40-BSS-GR_DOWN1_50mm.tfd 

DFDP-2B 5 08 2 2014-10-24 03:45 2014-10-24 04:13 QL40-BSS-GR UP RT 394.89 264.24 130.65 JP-BC-MLD 50 10 2.5 2.42 DFDP-2B_R08_P2_20141024_QL40-BSS-GR_UP1_50mm.tfd 

DFDP-2B 5 09 1 2014-10-24 04:45 2014-10-24 

 
QL40-FTC-CAL-GR DOWN RT 22.65 3.75 18.90 JP-BC-MLD 50 4 3.65 11.5 DFDP-2B_R09_P1_20141024_QL40-FTC-CAL-GR_DOWN1_50mm.tfd 

DFDP-2B 5 09 2 2014-10-24 

 
2014-10-24 06:24 QL40-FTC-CAL-GR DOWN RT 394.96 22.86 372.10 JP-BC-MLD 50 4 3.65 11.5 DFDP-2B_R09_P2_20141024_QL40-FTC-CAL-GR_DOWN2_50mm.tfd 

DFDP-2B 5 09 3 2014-10-24 06:30 2014-10-24 07:25 QL40-FTC-CAL-GR UP RT 394.90 253.35 141.55 JP-BC-MLD 50 4 3.65 11.5 DFDP-2B_R09_P3_20141024_QL40-FTC-CAL-GR_UP1_50mm.tfd 

DFDP-2B 6 10 1 2014-10-30 19:10 2014-10-30 

 
QL40-FTC-CAL-GR DOWN RT 321.95 3.75 318.20 JP-BC 50 4 3.65 3.33 DFDP-2B_R10_P1_20141024_QL40-FTC-CAL-GR_DOWN1_50mm.tfd 

DFDP-2B 6 10 2 2014-10-30 

 
2014-10-30 20:57 QL40-FTC-CAL-GR UP RT 321.95 260.05 61.90 JP-BC 50 4 3.65 3.33 DFDP-2B_R10_P2_20141024_QL40-FTC-CAL-GR_UP1_50mm.tfd 

DFDP-2B 6 11 1 2014-10-30 23:07 2014-10-30 

 
QL40-ABI40-SGR UP RT 321.06 308.99 12.07 JP-BC 4 1,5 2.61 5.04 DFDP-2B_R11_P1_20141030_QL40-ABI40-SGR_up1_144ppt_4mm 

DFDP-2B 6 11 2 2014-10-30 

 
2014-10-30 

 
QL40-ABI40-SGR UP RT 313.63 308.83 4.80 JP-BC 4 

 
2.61 5.04 DFDP-2B_R11_P2_20141031_QL40-ABI40-SGR_up2_144ppt_4mm 

DFDP-2B 6 11 3 2014-10-31 

 
2014-10-31 01:48 QL40-ABI40-SGR UP RT 322.07 259.90 62.17 JP-BC 2 0,7 2.61 5.04 DFDP-2B_R11_P3_20141031_QL40-ABI40-SGR_up3_288ppt_2mm 

DFDP-2B 6 11 4 2014-10-31 

 
2014-10-31 

 
QL40-ABI40-SGR UP RT 259.89 253.68 6.21 JP-BC 4 1,5 2.61 5.04 DFDP-2B_R11_P4_20141031_QL40-ABI40-SGR_up4_144ppt_4mm 

DFDP-2B 6 11 5 2014-10-31 01:55 2014-10-31 02:00 QL40-ABI40-SGR UP RT 253.66 238.65 15.01 JP-BC 8 4 2.61 5.04 DFDP-2B_R11_P5_20141031_QL40-ABI40-SGR_up5_72ppt_8mm 

DFDP-2B 6 12 1 2014-10-31 02:45 2014-10-31 03:20 QL40-SFM-FWS-GR DOWN RT 321.99 255.39 66.60 JP-BC 50 4 4.13 3.99 DFDP-2B_R12_P1_20141031_QL40-FSM-FWS-GR_down1_5cm 

DFDP-2B 6 12 2 2014-10-31 03:22 2014-10-31 03:37 QL40-SFM-FWS-GR UP RT 321.96 255.06 66.90 JP-BC 50 4 4.13 3.99 DFDP-2B_R12_P2_20141031_QL40-FSM-FWS-GR_up1_5cm 

DFDP-2B 6 12 3 2014-10-31 03:39 2014-10-31 03:47 QL40-SFM-FWS-GR DOWN RT 322.02 255.07 66.95 JP-BC 50 8 4.13 3.99 DFDP-2B_R12_P3_20141031_QL40-FSM-FWS-GR_down2_5cm 

DFDP-2B 6 12 4 2014-10-31 03:48 2014-10-31 03:57 QL40-SFM-FWS-GR UP RT 321.97 254.92 67.05 JP-BC 50 8 4.13 3.99 DFDP-2B_R12_P4_20141031_QL40-FSM-FWS-GR_up2_5cm 

DFDP-2B 6 13 1 2014-10-31 04:36 2014-10-31 

 
DLL DOWN RT 320.35 263.50 56.85 JP-BC 50 10 2.27 2.35 DFDP-2B_R13_P1_20141031_DLL_down1_5cm 

DFDP-2B 6 13 2 2014-10-31 

 
2014-10-31 05:23 DLL UP RT 320.34 261.39 58.95 ON-MLD 50 9 2.27 2.35 DFDP-2B_R13_P2_20141031_DLL_up1_5cm 

DFDP-2B 6 14 1 2014-10-31 06:12 2014-10-31 

 
EM51 DOWN RT 320.06 260.26 59.80 ON-MLD 50 10 1.9 2.14 DFDP-2B_R14_P1_20141031_EM51_down1_5cm 

DFDP-2B 6 14 2 2014-10-31 

 
2014-10-31 06:40 EM51 UP RT 320.02 262.72 57.30 ON-MLD 50 10 1.9 2.14 DFDP-2B_R14_P2_20141031_EM51_up1_5cm 

DFDP-2B 6 15 1 2014-10-31 07:48 2014-10-31 08:22 SRG512 DOWN RT 319.98 260.33 59.65 ON-MLD 50 4 1.24 - DFDP-2B_R15_P1_20141031_SGR512_down1_5cm 

DFDP-2B 6 15 2 2014-10-31 08:25 2014-10-31 08:30 SRG512 UP RT 319.90 317.55 2.35 ON-MLD 50 1 1.24 - DFDP-2B_R15_P2_20141031_SGR512_up1_5cm 

DFDP-2B 6 15 3 2014-10-31 08:35 2014-10-31 09:55 SRG512 UP RT 319.88 261.23 58.65 ON-MLD 50 1 1.24 - DFDP-2B_R15_P3_20141031_SGR512_up2_5cm 

DFDP-2B 7 16 1 2014-11-05 21:30 2014-11-05 23:43 QL40-FTC-CAL-GR DOWN RT 394.25 3.75 390.50 ON-MLD 50 4 3.65 3.2 DFDP-2B_R16_P1_20141105_QL40-FTC-CAL-GR_down1_50mm.tfd 

DFDP-2B 7 16 2 2014-11-05 23:45 2014-11-06 00:25 QL40-FTC-CAL-GR UP RT 393.70 237.70 156.00 ON-MLD 50 4 3.65 3.2 DFDP-2B_R16_P2_20141105_QL40-FTC-CAL-GR_up1_50mm.tfd 

DFDP-2B 7 16 3 2014-11-06 00:26 2014-11-06 00:35 QL40-FTC-CAL-GR UP RT 234.62 218.88 15.74 ON-MLD 50 4 3.65 3.2 DFDP-2B_R16_P3_20141105_QL40-FTC-CAL-GR_up1_50mm.tfd 

DFDP-2B 7 17 1 2014-11-06 01:00 2014-11-06 02:15 EM51 UP RT 399.11 262.56 136.55 ON-MLD 50 10 1.9 1.81 DFDP-2B_R17_P1_20141106_EM51_up1_5cm 

DFDP-2B 7 18 1 2014-11-06 02:33 2014-11-06 05:38 SGR512 UP RT 392.47 261.92 130.55 JP 50 1 1.24 2 DFDP-2B_R18_P1_20141106_SGR512_up1_5cm 

DFDP-2B 7 19 1 2014-11-06 06:04 2014-11-06 

 
QL40-ABI40-SGR UP RT 312.40 309.03 3.37 JP 4 1 2.61 3.72 DFDP-2B_R19_P1_20141106_QL40-ABI40-SGR_up1_144ppt_4mm 

DFDP-2B 7 19 2 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 313.05 312.29 0.76 JP 4 1 2.61 3.72 DFDP-2B_R19_P2_20141106_QL40-ABI40-SGR_up2_144ppt_4mm 

DFDP-2B 7 19 3 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 312.28 310.31 1.97 JP 4 1 2.61 3.72 DFDP-2B_R19_P3_20141106_QL40-ABI40-SGR_up3_144ppt_4mm 

DFDP-2B 7 19 4 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 312.13 310.46 1.67 JP 4 1 2.61 3.72 DFDP-2B_R19_P4_20141106_QL40-ABI40-SGR_up4_144ppt_4mm 

DFDP-2B 7 19 5 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 390.91 390.69 0.22 JP 2 0,5 2.61 3.72 DFDP-2B_R19_P5_20141106_QL40-ABI40-SGR_up5_144ppt_2mm 

DFDP-2B 7 19 6 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 390.77 389.63 1.14 JP 2 0,5 2.61 3.72 DFDP-2B_R19_P6_20141106_QL40-ABI40-SGR_up6_144ppt_2mm 

DFDP-2B 7 19 7 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 381.04 380.59 0.45 JP 2 0,5 2.61 3.72 DFDP-2B_R19_P7_20141106_QL40-ABI40-SGR_up7_144ppt_2mm 
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DFDP-2B 7 19 8 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 380.12 367.75 12.37 JP 2 0,5 2.61 3.72 DFDP-2B_R19_P8_20141106_QL40-ABI40-SGR_up8_144ppt_2mm 

DFDP-2B 7 19 9 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 367.75 338.50 29.25 JP-BC 2 0,5 2.61 3.72 DFDP-2B_R19_P9_20141106_QL40-ABI40-SGR_up9_144ppt_2mm 

DFDP-2B 7 19 10 2014-11-06 

 
2014-11-06 

 
QL40-ABI40-SGR UP RT 338.65 335.99 2.66 JP-BC 2 0,5 2.61 3.72 DFDP-2B_R19_P10_20141106_QL40-ABI40-SGR_up10_144ppt_2mm 

DFDP-2B 7 19 11 2014-11-06 

 
2014-11-06 08:55 QL40-ABI40-SGR UP RT 335.98 319.48 16.50 JP-BC 4 1,7 2.61 3.72 DFDP-2B_R19_P11_20141106_QL40-ABI40-SGR_up11_144ppt_4mm 

DFDP-2B 8 20 1 2014-11-06 20:00 2014-11-06 

 
EM51 DOWN RT 396.36 258.26 138.10 JP-BC 50 10 1.9 1.69 DFDP-2B_R20_P1_20141106_EM51_down1_5cm 

DFDP-2B 8 20 2 2014-11-06 

 
2014-11-06 21:09 EM51 UP RT 396.35 263.25 133.10 JP-BC 50 10 1.9 1.69 DFDP-2B_R20_P2_20141106_EM51_up1_5cm 

DFDP-2B 8 21 1 2014-11-06 22:00 2014-11-06 

 
CAL MS UP RT 396.39 336.81 59.58 JP-BC 50 4 1.66 1.47 DFDP-2B_R21_P1_20141106_CAL-MS_up1_5cm 

DFDP-2B 8 21 2 2014-11-06 

 
2014-11-06 23:35 CAL MS UP RT 341.31 240.76 100.55 JP-BC 50 4 1.66 1.47 DFDP-2B_R21_P2_20141106_CAL-MS_up2_5cm 

DFDP-2B 8 22 1 2014-11-06 23:42 2014-11-06 

 
DLL DOWN RT 396.31 260.26 136.05 JP-BC 50 10 2.27 2.12 DFDP-2B_R22_P1_20141106_DLL_down1_5cm 

DFDP-2B 8 22 2 2014-11-07 

 
2014-11-07 00:41 DLL UP RT 396.31 262.11 134.20 ON-MLD 50 10 2.27 2.12 DFDP-2B_R22_P2_20141106_DLL_up1_5cm 

DFDP-2B 8 23 1 2014-11-07 01:04 2014-11-07 

 
QL40-SGR-FWS DOWN RT 333.72 262.12 71.60 ON-MLD 50 4 3.32 3.16 DFDP-2B_R23_P1_20141107_QL40-SGR-FWS_down1_5cm 

DFDP-2B 8 23 2 2014-11-07 

 
2014-11-07 

 
QL40-SGR-FWS UP RT 333.71 329.76 3.95 ON-MLD 50 4 3.32 3.16 DFDP-2B_R23_P2_20141107_QL40-SGR-FWS_up1_5cm 

DFDP-2B 8 23 3 2014-11-07 

 
2014-11-07 

 
QL40-SGR-FWS DOWN RT 389.96 329.76 60.20 ON-MLD 50 4 3.32 3.16 DFDP-2B_R23_P3_20141107_QL40-SGR-FWS_down2_5cm 

DFDP-2B 8 23 4 2014-11-07 

 
2014-11-07 03:24 QL40-SGR-FWS UP RT 389.95 260.00 129.95 ON-MLD 50 4 3.32 3.16 DFDP-2B_R23_P4_20141107_QL40-SGR-FWS_up2_5cm 

DFDP-2B 8 24 1 2014-11-07 03:52 2014-11-07 

 
QL40-ABI40-SGR UP RT 10.75 10.51 0.24 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P1_20141107_QL40-ABI40_up1_144ppt_4mm 

DFDP-2B 8 24 2 2014-11-07 

 
2014-11-07 

 
QL40-ABI40-SGR UP RT 260.03 259.81 0.22 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P2_20141107_QL40-ABI40_up2_144ppt_4mm 

DFDP-2B 8 24 3 2014-11-07 

 
2014-11-07 

 
QL40-ABI40-SGR DOWN RT 281.36 259.81 21.55 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P3_20141107_QL40-ABI40_down1_144ppt_4mm 

DFDP-2B 8 24 4 2014-11-07 

 
2014-11-07 

 
QL40-ABI40-SGR UP RT No data No data 

 
ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P4_20141107_QL40-ABI40_up3_144ppt_4mm 

DFDP-2B 8 24 5 2014-11-07 

 
2014-11-07 

 
QL40-ABI40-SGR DOWN RT 288.40 281.03 7.37 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P5_20141107_QL40-ABI40_down2_144ppt_4mm 

DFDP-2B 8 24 6 2014-11-07 

 
2014-11-07 

 
QL40-ABI40-SGR DOWN RT 288.92 288.33 0.59 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P6_20141107_QL40-ABI40_down3_144ppt_4mm 

DFDP-2B 8 24 7 2014-11-07 

 
2014-11-07 05:41 QL40-ABI40-SGR UP RT 296.30 292.32 3.98 ON-MLD 4 0,5 3.22 1.53 DFDP-2B_R24_P7_20141107_QL40-ABI40_up4_144ppt_4mm 

DFDP-2B 8 25 1 2014-11-07 05:50 2014-11-07 07:08 QL40-FTC-GR DOWN RT 390.00 264.20 125.80 ON-MLD 50 4 1.8 1.69 DFDP-2B_R25_P1_20141107_QL40-FTC-GR_down1_5cm 

DFDP-2B 9 26 1 2014-11-08 00:25 2014-11-08 

 
QL40-ABI40-SGR UP RT 390.11 389.31 0.80 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P1_20141108_QL40-ABI40-SGR_up1_288ppt_2mm 

DFDP-2B 9 26 2 2014-11-08 

 
2014-11-08 

 
QL40-ABI40-SGR UP RT 389.31 389.07 0.24 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P2_20141108_QL40-ABI40-SGR_up2_288ppt_2mm 

DFDP-2B 9 26 3 2014-11-08 01:20 2014-11-08 

 
QL40-ABI40-SGR UP RT 389.99 389.96 0.03 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P3_20141108_QL40-ABI40-SGR_up3_288ppt_2mm 

DFDP-2B 9 26 4 2014-11-08 

 
2014-11-08 

 
QL40-ABI40-SGR UP RT 389.95 383.55 6.40 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P4_20141108_QL40-ABI40-SGR_up4_288ppt_2mm 

DFDP-2B 9 26 5 2014-11-08 

 
2014-11-08 

 
QL40-ABI40-SGR UP RT 385.13 383.58 1.55 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P5_20141108_QL40-ABI40-SGR_up5_288ppt_2mm 

DFDP-2B 9 26 6 2014-11-08 

 
2014-11-08 

 
QL40-ABI40-SGR UP RT 384.08 340.76 43.32 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P6_20141108_QL40-ABI40-SGR_up6_288ppt_2mm 

DFDP-2B 9 26 7 2014-11-08 

 
2014-11-08 03:50 QL40-ABI40-SGR UP RT 341.68 316.98 24.70 JP-MLD 2 0,5 2.61 2.42 DFDP-2B_R26_P7_20141108_QL40-ABI40-SGR_up7_288ppt_2mm 

DFDP-2B 9 26 8 2014-11-08 

 
2014-11-08 

 
QL40-ABI40-SGR UP RT 231.86 2.36 229.50 JP-MLD 500 20 2.61 2.42 DFDP-2B_R26_P8_20141108_QL40-ABI40-SGR_up8_72ppt_500mm 

DFDP-2B 10 27 1 2014-11-12 12:20 2014-11-12 

 
QL40-FTC-CAL-GR DOWN RT 458.20 3.75 454.45 JP-BC 50 4 3.65 3.21 DFDP-2B_R27_P1_20141112_QL40-FTC-CAL-GR_down1_50mm.tfd 

DFDP-2B 10 27 2 2014-11-12 

 
2014-11-12 14:46 QL40-FTC-CAL-GR DOWN RT 479.95 458.25 21.70 JP-BC 50 4 3.65 3.21 DFDP-2B_R27_P2_20141112_QL40-FTC-CAL-GR_down2_50mm.tfd 

DFDP-2B 10 27 3 2014-11-12 14:46 2014-11-12 

 
QL40-FTC-CAL-GR UP RT 479.90 463.35 16.55 JP-BC 50 4 3.65 3.21 DFDP-2B_R27_P3_20141112_QL40-FTC-CAL-GR_up1_50mm.tfd 

DFDP-2B 10 27 4 2014-11-12 15:18 2014-11-12 16:26 QL40-FTC-CAL-GR UP RT 479.90 325.00 154.90 JP-BC 50 4 3.65 3.21 DFDP-2B_R27_P4_20141112_QL40-FTC-CAL-GR_up2_50mm.tfd 

DFDP-2B 10 28 1 2014-11-12 16:45 2014-11-12 

 
QL40-ABI40-SGR DOWN RT 398.70 264.95 133.75 JP-BC-ON 50 7 2.61 2.38 DFDP-2B_R28_P1_20141112_QL40-ABI-SGR_down1_72ppt_50mm.tfd 

DFDP-2B 10 28 2 2014-11-12 

 
2014-11-12 

 
QL40-ABI40-SGR DOWN RT 399.04 398.78 0.26 BC-ON 8 9 2.61 2.38 DFDP-2B_R28_P2_20141112_QL40-ABI-SGR_down2_72ppt_50mm.tfd 

DFDP-2B 10 28 3 2014-11-12 

 
2014-11-12 18:02 QL40-ABI40-SGR DOWN RT 480.00 399.07 80.93 BC-ON 8 (ABI) - 48 (SGR) 3 2.61 2.38 DFDP-2B_R28_P3_20141112_QL40-ABI-SGR_down3_72ppt_50mm.tfd 

DFDP-2B 10 28 4 2014-11-12 18:02 2014-11-12 

 
QL40-ABI40-SGR UP RT 480.00 465.50 14.50 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P4_20141112_QL40-ABI-SGR_up1_288ppt_2mm.tfd 

DFDP-2B 10 28 5 2014-11-12 

 
2014-11-12 

 
QL40-ABI40-SGR UP RT 465.67 457.11 8.56 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P5_20141112_QL40-ABI-SGR_up2_288ppt_2mm.tfd 

DFDP-2B 10 28 6 2014-11-12 

 
2014-11-12 21:33 QL40-ABI40-SGR UP RT 457.45 383.00 74.45 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P6_20141112_QL40-ABI-SGR_up3_288ppt_2mm.tfd 

DFDP-2B 10 28 7 2014-11-12 

 
2014-11-12 22:07 QL40-ABI40-SGR UP RT 290.00 280.00 10.00 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P7_20141112_QL40-SGR-ABI_up4_288ppt_2mm 

DFDP-2B 10 28 8 2014-11-12 

 
2014-11-12 

 
QL40-ABI40-SGR UP RT 260.53 260.14 0.39 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P8_20141112_QL40-SGR-ABI_up5_288ppt_2mm 

DFDP-2B 10 28 9 2014-11-12 

 
2014-11-12 22:31 QL40-ABI40-SGR UP RT 260.13 258.93 1.20 BC-ON 2 (ABI) - 50 (SGR) 0,5 2.61 2.38 DFDP-2B_R28_P9_20141112_QL40-SGR-ABI_up6_288ppt_2mm 

DFDP-2B 11 29 1 2014-11-13 13:57 2014-11-13 15:54 QL40-FTC-GR DOWN RT 489.32 1.97 487.35 BC-ON 50 4 1.87 1.38 DFDP-2B_R29_P1_20141113_QL40-FTC-GR_down1_50mm.tfd 

DFDP-2B 11 30 1 2014-11-13 16:38 2014-11-13 19:52 SGR512 UP RT 487.91 379.71 108.20 BC-ON 50 1 1.24 0.93 DFDP-2B_R30_P2_20141113_SGR512_up1_5cm.tdf 

DFDP-2B 11 31 1 2014-11-13 20:09 2014-11-13 21:10 DLL UP RT 489.37 236.32 253.05 BC-ON 50 14 2.27 2.04 DFDP-2B_R31_P1_20141113_DLL_up1_5cm.tdf 

DFDP-2B 11 32 1 2014-11-13 23:30 2014-11-13 

 
FWS UP RT 488.51 483.66 4.85 JP-Tamara 50 3 2.71 2.23 DFDP-2B_R32_P1_20141113_FWS_up1_5cm_mono_20kHz_G2.tdf 

DFDP-2B 11 32 2 2014-11-13 

 
2014-11-13 

 
FWS UP RT 488.02 406.42 81.60 JP-Tamara 50 2 2.71 2.23 DFDP-2B_R32_P2_20141113_FWS_up2_5cm_mono_20kHz_G1.tdf 

DFDP-2B 11 32 3 2014-11-13 

 
2014-11-13 

 
FWS UP RT 406.23 389.58 16.65 JP-Tamara 50 2,8 2.71 2.23 DFDP-2B_R32_P3_20141113_FWS_up3_5cm_mono_20kHz_G1.tdf 

DFDP-2B 11 32 4 2014-11-13 

 
2014-11-13 

 
FWS UP RT 389.05 320.80 68.25 JP-Tamara 50 2,9 2.71 2.23 DFDP-2B_R32_P4_20141113_FWS_up4_5cm_mono_20kHz_G1.tdf 

DFDP-2B 11 32 5 2014-11-13 

 
2014-11-13 01:10 FWS UP RT 322.03 262.83 59.20 JP-Tamara 50 3 2.71 2.23 DFDP-2B_R32_P5_20141113_FWS_up5_5cm_mono_20kHz_G1.tdf 

DFDP-2B 11 32 6 2014-11-14 01:30 2014-11-14 

 
FWS UP RT 488.25 481.75 6.50 JP-Tamara 50 3 2.71 2.23 DFDP-2B_R32_P6_20141113_FWS_up6_5cm_mono_1kHz_G2.tdf 

DFDP-2B 11 32 7 2014-11-14 

 
2014-11-14 

 
FWS UP RT 488.03 466.67 21.36 JP-Tamara 50 2,7 2.71 2.23 DFDP-2B_R32_P7_20141114_FWS_up7_5cm_mono_5kHz_G1.tdf 

DFDP-2B 11 32 8 2014-11-14 01:54 2014-11-14 03:06 FWS UP RT 488.38 263.58 224.80 JP-Tamara 50 3 2.71 2.23 DFDP-2B_R32_P8_20141114_FWS_up8_5cm_mono_1kHz_G1.tdf 

DFDP-2B 11 33 1 2014-11-14 03:40 2014-11-14 

 
FWS UP RT 488.10 458.15 29.95 JP-Tamara 50 3 2.71 2.49 DFDP-2B_R33_P1_20141114_FWS_up1_5cm_dipo_20kHz_G2.tdf 

DFDP-2B 11 33 2 2014-11-14 

 
2014-11-14 06:18 FWS UP RT 458.02 261.62 196.40 JP-Harold 50 3 2.71 2.49 DFDP-2B_R33_P2_20141114_FWS_up2_5cm_dipo_15kHz_G2.tdf 

DFDP-2B 12 34 1 2014-11-14 16:15 2014-11-14 

 
QL40-BSS-GR DOWN RT 489.03 263.76 225.27 ON-BC 4 8 2.5 2.27 DFDP-2B_R34_P1_20141114_QL40-GR-BSS_down1_5cm.tdf 

DFDP-2B 12 34 2 2014-11-14 

 
2014-11-14 18:02 QL40-BSS-GR UP RT 489.02 261.35 227.67 ON-BC 10 10 2.5 2.27 DFDP-2B_R34_P2_20141114_QL40-GR-BSS_up1_1cm 

DFDP-2B 13 35 1 2014-11-15 05:00 2014-11-15 07:35 QL40-FTC-GR DOWN RT 488.97 1.97 487.00 JP-BC 50 4 1.87 1.66 DFDP-2B_R35_P1_20141115_QL40-FTC-GR_down1_5cm.tdf 

DFDP-2B 14 36 1 2014-11-18 07:50 2014-11-18 09:53 QL40-FTC-GR DOWN RT 523.96 206.41 317.55 ON-BC 50 4 1.87 1.54 DFDP-2B_R36_P1_20141118_QL40-FTC-GR_down1_5cm.tdf 

DFDP-2B 14 37 1 2014-11-18 10:09 2014-11-18 

 
QL40-ABI40-SGR DOWN RT 523.95 262.65 261.30 ON-MLD 50 10 2.61 2.39 DFDP-2B_R37_P1_20141118_QL40-ABI-SGR_down1_72ppt_5m.tfd 

DFDP-2B 14 37 2 2014-11-18 

 
2014-11-18 13:20 QL40-ABI40-SGR UP RT 524.00 476.67 47.33 ON-MLD 2 (ABI) - 50 (SGR) 0,5 2.62 2.39 DFDP-2B_R37_P2_20141118_QL40-ABI-SGR_up1_288ppt_2mm.tfd 

DFDP-2B 15 38 1 2014-11-19 13:37 2014-11-19 14:50 QL40-FTC-GR DOWN RT 546.02 260.12 285.90 JP-BC 50 10-4 1.87 1.48 DFDP-2B_R38_P1_20141119_QL40-FTC-GR_down1_5cm.tdf 
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DFDP-2B 15 39 1 2014-11-19 16:00 2014-11-19 16:50 QL40-ABI40-SGR UP RT 546.07 519.46 26.61 JP-BC 2 (ABI) - 50 (SGR) 0,5 2.61 2.37 DFDP-2B_R39_P1_20141119_QL40-ABI-SGR_up1_288ppt_2mm.tfd 

DFDP-2B 15 39 2 2014-11-19 16:50 2014-11-19 17:30 QL40-ABI40-SGR UP RT 519.43 259.17 260.26 JP-BC 

 
15 2.61 2.37 DFDP-2B_R39_P2_20141119_QL40-ABI-SGR_up2_ 

DFDP-2B 15 40 1 2014-11-19 18:05 2014-11-19 20:50 QL40-CAL UP RT 546.28 261.48 284.80 ON-MLD 50 

 
2.04 1.48 DFDP-2B_R40_P1_20141119_QL40-CAL_up1_50mm.tfd 

DFDP-2B 15 41 1 2014-11-19 21:15 2014-11-19 21:54 DLL DOWN RT 546.31 292.51 253.80 ON-MLD 50 

 
2.27 2 DFDP-2B_R41_P1_20141119_DLL_down1_5cm.tdf 

DFDP-2B 15 41 2 2014-11-19 

 
2014-11-19 22:25 DLL UP RT 546.29 260.84 285.45 ON-MLD 50 

 
2.27 2 DFDP-2B_R41_P2_20141119_DLL_up1_5cm.tdf 

DFDP-2B 15 42 1 2014-11-19 22:47 2014-11-20 00:13 QL40-FTC-GR DOWN RT 545.98 264.13 281.85 ON-MLD 50 4-10-20 1.87 1.6 DFDP-2B_R42_P1_20141119_QL40-FTC-GR_down1_5cm.tdf 

DFDP-2B 16 43 1 2014-11-24 15:28 2014-11-24 18:17 QL40-FTC-GR DOWN RT 523.47 1.97 521.50 JP-BC 50 4 1.87 

 
DFDP-2B_R43_P1_20141124_QL40-FTC-GR_down1_5cm.tdf 

DFDP-2B 17 44 1 2014-11-26 

 
2014-11-26 

 
QL40-FTC-GR DOWN RT 498.53 1.89 496.64 JP-BC 10 4 1.87 1.59 DFDP-2B_R44_P1_20141126_QL40-FTC-GR_down1_1cm.tdf 

DFDP-2B 17 44 2 2014-11-26 

 
2014-11-26 

 
QL40-FTC-GR DOWN RT 498.39 498.08 0.31 JP-BC 10 4 1.87 1.59 DFDP-2B_R44_P2_20141126_QL40-FTC-GR_down2_1cm.tdf 

DFDP-2B 18 45 1 2014-12-04 

 

2014-12-04 

 
QL40-FTC-FWS-SGR DOWN RT 812.13 260.38 551.75 ON-MLD 50 10-5-4 3.91 3.06 DFDP-2B_R45_P1_20141204_QL40-SGR-FWS-FTC_down1_5cm.tfd 

DFDP-2B 18 45 2 2014-12-04 

 
 

 
QL40-FTC-FWS-SGR UP RT 750.44 749.44 1.00 ON-MLD 50 4 3.91 3.06 DFDP-2B_R45_P2_20141204_QL40-SGR-FWS-FTC_up1_5cm.tfd 

DFDP-2B 18 45 3 2014-12-04 

 
2014-12-04 

 
QL40-FTC-FWS-SGR up RT 699.77 698.77 1.00 ON-MLD 50 4   DFDP-2B_R45_P3_20141204_QL40-SGR-FWS-FTC_up2_5cm.tfd 

DFDP-2B 18 46 1 2014-12-04 

 

2014-12-04 

 
DLL DOWN RT 739.51 263.51 476.00 ON-MLD 50 20 2.27 1.97 DFDP-2B_R46_P1_20141204_DLL_down1_5cm.tfd 

DFDP-2B 18 46 2 2014-12-04 

 
2014-12-04 

 
DLL UP RT 695.97 554.57 141.40 ON-MLD 50 20 2.27 1.97 DFDP-2B_R46_P2_20141204_DLL_UP1_5cm.tfd 

DFDP-2B 18 46 3 2014-12-04 

 
2014-12-04 

 

DLL DOWN RT 827.72 573.82 253.90 ON-MLD 50 18 2.27 1.97 DFDP-2B_R46_P3_20141204_DLL_down2_5cm.tfd 

DFDP-2B 18 47 1 2014-12-04 

 

2014-12-04 

 
QL43-ABI43 UP RT 280.19 279.87 0.32 ON-MLD 4 1 2.01 1.19 DFDP-2B_R47_P1_20141204_QL43-ABI_up1_144pt_4mm.tfd 

DFDP-2B 18 47 2 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 DOWN RT 816.52 279.97 536.55 ON-MLD 50 8 2.01 1.19 DFDP-2B_R47_P2_20141204_QL43-ABI_down1_72pt_5cm.tfd 

DFDP-2B 18 47 3 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 DOWN RT 815.76 809.96 5.80 ON-MLD 50 8 2.01 1.19 DFDP-2B_R47_P3_20141204_QL43-ABI_down2_72pt_5cm.tfd 

DFDP-2B 18 47 4 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 DOWN RT 824.89 811.69 13.20 ON-MLD 50 4 2.01 1.19 DFDP-2B_R47_P4_20141204_QL43-ABI_down1_72pt_5cm.tfd 

DFDP-2B 18 47 5 2014-12-04 

 

2014-12-04 

 
QL43-ABI43 UP RT 824.89 822.25 2.64 ON-MLD 2 1,2 2.01 1.19 DFDP-2B_R47_P5_20141204_QL43-ABI_up2_288pt_2mm.tfd 

DFDP-2B 18 47 6 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 UP RT 822.16 821.44 0.72 ON-MLD 2 1,2 2.01 1.19 DFDP-2B_R47_P6_20141204_QL43-ABI_up3_288pt_2mm.tfd 

DFDP-2B 18 47 7 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 UP RT 821.03 811.07 9.96 ON-MLD 2 1,2 2.01 1.19 DFDP-2B_R47_P7_20141204_QL43-ABI_up4_288pt_2mm.tfd 

DFDP-2B 18 47 8 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 UP RT 813.05 789.47 23.58 JP-BC 2 1,2 2.01 1.19 DFDP-2B_R47_P8_20141204_QL43-ABI_up5_288pt_2mm.tfd 

DFDP-2B 18 47 9 2014-12-04 

 

2014-12-04 

 

QL43-ABI43 UP RT 816.07 539.51 276.56 JP-BC 2 1,2 2.01 1.19 DFDP-2B_R47_P9_20141204_QL43-ABI_up6_288pt_2mm.tfd 

DFDP-2B 18 47 10 2014-12-04 

 
2014-12-04 

 
QL43-ABI43 UP RT 542.00 540.60 1.40 JP-BC 2 1,2 2.01 1.19 DFDP-2B_R47_P10_20141204_QL43-ABI_up7_288pt_2mm.tfd 

DFDP-2B 18 47 11 2014-12-04 

 
2014-12-04 

 

QL43-ABI43 UP RT 542.14 539.73 2.41 JP-BC 2 1,2 2.01 1.19 DFDP-2B_R47_P11_20141204_QL43-ABI_up8_288pt_2mm.tfd 

DFDP-2B 18 48 1 2014-12-04 

 

2014-12-04 

 

QL40-BSS   No data No data  JP-BC   1.47  No data 

DFDP-2B 19 49 1 2014-12-09 

 

2014-12-09 

 
QL40-FTC-FWS-SGR DOWN RT 822.74 260.29 562.45 JP-BC 50 10-4-

10 
3.91 2.83 DFDP-2B_R49_P1_20141204_QL40-FTC-FWS-SGR_down1_5cm.tdf 

DFDP-2B 19 49 2 2014-12-09 

 
2014-12-09 

 

QL40-FTC-FWS-SGR DOWN RT 893.02 822.82 70.20 JP-BC 100 18 3.91 2.83 DFDP-2B_R49_P2_20141204_QL40-FTC-FWS-SGR_down2_10cm.tdf 

DFDP-2B 19 49 3 2014-12-09 

 

2014-12-09 

 

QL40-FTC-FWS-SGR UP RT 750.73 384.13 366.60 JP-BC 50 4 3.91 2.83 DFDP-2B_R49_P3_20141204_QL40-FTC-FWS-SGR_up1_5cm.tdf 

DFDP-2B 19 50 1 2014-12-09 

 

2014-12-09 

 

DLL UP RT 892.90 237.20 655.70 JP-BC 50 20 2.27 1.83 DFDP-2B_R50_P1_20141209_DLL_up1_5cm.tfd 

DFDP-2B 19 51 1 2014-12-09 

 

2014-12-09 

 
QL43-ABI43 UP RT 15.19 14.89 0.30 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P1_20141209_QL43-ABI_up1_288pt_2mm.tfd 

DFDP-2B 19 51 2 2014-12-09 

 

2014-12-09 

 
QL43-ABI43 UP RT 261.52 260.97 0.55 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P2_20141209_QL43-ABI_up2_288pt_2mm.tfd 

DFDP-2B 19 51 3 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 DOWN RT 405.67 261.07 144.60 ON-MLD-CM 50 8 2.01 0.84 DFDP-2B_R51_P3_20141209_QL43-ABI_down1_288pt_5cm.tfd 

DFDP-2B 19 51 4 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 DOWN RT 494.92 405.82 89.10 ON-MLD-CM 50 8 2.01 0.84 DFDP-2B_R51_P4_20141209_QL43-ABI_down2_288pt_5cm.tfd 

DFDP-2B 19 51 5 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 DOWN RT 776.17 495.02 281.15 ON-MLD-CM 50 8 2.01 0.84 DFDP-2B_R51_P5_20141209_QL43-ABI_down3_288pt_5cm.tfd 

DFDP-2B 19 51 6 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 776.16 765.86 10.30 ON-MLD-CM 50 4 2.01 0.84 DFDP-2B_R51_P6_20141209_QL43-ABI_up3_288pt_5cm.tfd 

DFDP-2B 19 51 7 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 DOWN RT 887.58 465.88 421.70 ON-MLD-CM 50 8 2.01 0.84 DFDP-2B_R51_P7_20141209_QL43-ABI_down4_288pt_5cm.tfd 

DFDP-2B 19 51 8 2014-12-09 

 
2014-12-09 

 
QL43-ABI43   No data No data  ON-MLD-CM     No data 

DFDP-2B 19 51 9 2014-12-09 

 

2014-12-09 

 
QL43-ABI43 UP RT 887.11 883.65 3.46 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P9_20141209_QL43-ABI_up4_288pt_2mm.tfd 

DFDP-2B 19 51 10 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 884.99 882.43 2.56 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P10_20141209_QL43-ABI_up5_288pt_2mm.tfd 

DFDP-2B 19 51 11 2014-12-09 

 

2014-12-09 

 
QL43-ABI43 UP RT 885.53 817.32 68.21 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P11_20141209_QL43-ABI_up6_288pt_2mm.tfd 

DFDP-2B 19 51 12 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 820.53 816.98 3.55 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P12_20141209_QL43-ABI_up7_288pt_2mm.tfd 

DFDP-2B 19 51 13 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 820.60 796.66 23.94 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P13_20141209_QL43-ABI_up8_288pt_2mm.tfd 

DFDP-2B 19 51 14 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 801.16 797.61 3.55 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P14_20141209_QL43-ABI_up9_288pt_2mm.tfd 

DFDP-2B 19 51 15 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 798.60 791.62 6.98 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P15_20141209_QL43-ABI_up10_288pt_2mm.tfd 

DFDP-2B 19 51 16 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 796.16 791.44 4.72 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P16_20141209_QL43-ABI_up11_288pt_2mm.tfd 

DFDP-2B 19 51 17 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 758.40 755.84 2.56 ON-MLD-CM 2 1 2.01 0.84 DFDP-2B_R51_P17_20141209_QL43-ABI_up12_288pt_2mm.tfd 

DFDP-2B 19 51 18 2014-12-09 

 
2014-12-09 

 
QL43-ABI43 UP RT 742.45 263.35 479.10 ON-MLD-CM 50 8 2.01 0.84 DFDP-2B_R51_P18_20141209_QL43-ABI_up13_288pt_5cm.tfd 

DFDP-2B 19 51 19 2014-12-09 

 
2014-12-09 

 

QL43-ABI43 UP RT 263.15 0.93 262.22 ON-MLD-CM 100 18 2.01 0.84 DFDP-2B_R51_P19_20141209_QL43-ABI_up14_288pt_10cm.tfd 

DFDP-2B 20 52 1 2014-12-13 

 

2014-12-13 

 
SGR512 UP RT 447.04 433.74 13.30 JP+BC 50 1 1.24 0.44 DFDP-2B_R52_P1_20141213_SGR512_up1_5cm.tfd 

DFDP-2B 20 52 2 2014-12-13 

 
2014-12-13 

 
SGR512 DOWN RT 447.80 446.10 1.70 JP+BC 50 1 1.24 0.44 DFDP-2B_R52_P2_20141213_SGR512_down1_5cm.tfd 

DFDP-2B 20 52 3 2014-12-13 

 
2014-12-13 

 
SGR512 UP RT 447.75 444.00 3.75 JP+BC 50 1 1.24 0.44 DFDP-2B_R52_P3_20141213_SGR512_up2_5cm.tfd 

DFDP-2B 20 52 4 2014-12-13 

 
2014-12-13 

 

SGR512 UP RT 271.35 257.31 14.04 JP+BC 50 3 1.24 0.44 DFDP-2B_R52_P4_20141213_SGR512_up3_5cm.tfd 

     

 
 

 
            

Total logged length : 19250.45 

 



 

 

262 GNS Science Report 2015/50 
 



 

 

GNS Science Report 2015/50 263 
 

Table A7. 3 Operational comments 

Borehole Session Run Pass Tool Comments 
  # # stack  
DFDP-2A 1 01 1 QL40-FTC-GR power cut at bottom depth  Logger v11.1 
DFDP-2A 1 01 2 QL40-FTC-GR resume logging after power cut Logger v11.1 
DFDP-2A 1 01 3 QL40-FTC-GR Logger v11.1 
DFDP-2A 4 02 1 MUSET Presssure sensor test 
DFDP-2A 4 02 2 MUSET Presssure sensor test 
DFDP-2A 4 03 1 IDRONAUT Presssure sensor test 

      
DFDP-2B 2 01 1 QL40-FTC-GR BOH: 18:49 
DFDP-2B 2 02 1 QL40-ABI40 Run objective: inclinometer in casing. sampling interval too small. 
DFDP-2B 2 02 2 QL40-ABI40 Run objective: inclinometer in casing. 
DFDP-2B 2 02 3 QL40-ABI40 ECHO window misses borehole wall. Log not to be used. 
DFDP-2B 2 02 4 QL40-ABI40  
DFDP-2B 2 02 5 QL40-ABI40  
DFDP-2B 3 03 1 MUSET BOH (275.0 m) not reached (blocked). Tool stops at 265.60m, move up and down, seems to reach 268m. 

Conductivity sensor probably affected by oil patch on top of well - recovers at about 170m. 

DFDP-2B 3 03 2 MUSET To try to reach BOH. Sensors other than pressure are doubtful. 
DFDP-2B 3 03 3 MUSET  
DFDP-2B 3 03 4 MUSET  
DFDP-2B 5 04 1 QL40-FTC-GR lost depth indication for few seconds while going up 
DFDP-2B 5 05 1 QL40-ABI40-SGR test on 2m to see the image quality 
DFDP-2B 5 05 2 QL40-ABI40-SGR test on 2m to see the image quality 
DFDP-2B 5 05 3 QL40-ABI40-SGR  
DFDP-2B 5 06 1 MUSET Temperature wont go above 49,433° 
DFDP-2B 5 07 1 DLL  
DFDP-2B 5 07 2 DLL  
DFDP-2B 5 08 1 QL40-BSS-GR  
DFDP-2B 5 08 2 QL40-BSS-GR water level 3:44 2,645m 
DFDP-2B 5 09 1 QL40-FTC-CAL-GR Bug at 22m= second file down2 
DFDP-2B 5 09 2 QL40-FTC-CAL-GR 248m lost of depth indication for few seconds 
DFDP-2B 5 09 3 QL40-FTC-CAL-GR Pb with depth encoder while going up in casing = tighten screws 
DFDP-2B 6 10 1 QL40-FTC-CAL-GR  
DFDP-2B 6 10 2 QL40-FTC-CAL-GR  
DFDP-2B 6 11 1 QL40-ABI40-SGR test hole 
DFDP-2B 6 11 2 QL40-ABI40-SGR test hole 
DFDP-2B 6 11 3 QL40-ABI40-SGR BHTV SGR 
DFDP-2B 6 11 4 QL40-ABI40-SGR test casing 
DFDP-2B 6 11 5 QL40-ABI40-SGR test casing 
DFDP-2B 6 12 1 QL40-SFM-FWS-GR  
DFDP-2B 6 12 2 QL40-SFM-FWS-GR  
DFDP-2B 6 12 3 QL40-SFM-FWS-GR  
DFDP-2B 6 12 4 QL40-SFM-FWS-GR  
DFDP-2B 6 13 1 DLL  
DFDP-2B 6 13 2 DLL  
DFDP-2B 6 14 1 EM51 cable enrolment problems on the winch 
DFDP-2B 6 14 2 EM51  
DFDP-2B 6 15 1 SRG512  
DFDP-2B 6 15 2 SRG512 bad calibration potassium modification high voltage 131 
DFDP-2B 6 15 3 SRG512 bad calibration potassium modification high voltage 92 
DFDP-2B 7 16 1 QL40-FTC-CAL-GR tension drop at the bottom, tool landed 
DFDP-2B 7 16 2 QL40-FTC-CAL-GR caliper arms not opened at bottom 
DFDP-2B 7 16 3 QL40-FTC-CAL-GR test open/close arms in casing 
DFDP-2B 7 17 1 EM51  
DFDP-2B 7 18 1 SGR512 quelques problèmes encodeurs 
DFDP-2B 7 19 1 QL40-ABI40-SGR  
DFDP-2B 7 19 2 QL40-ABI40-SGR  
DFDP-2B 7 19 3 QL40-ABI40-SGR  
DFDP-2B 7 19 4 QL40-ABI40-SGR  
DFDP-2B 7 19 5 QL40-ABI40-SGR  
DFDP-2B 7 19 6 QL40-ABI40-SGR  
DFDP-2B 7 19 7 QL40-ABI40-SGR  
DFDP-2B 7 19 8 QL40-ABI40-SGR  
DFDP-2B 7 19 9 QL40-ABI40-SGR  
DFDP-2B 7 19 10 QL40-ABI40-SGR  
DFDP-2B 7 19 11 QL40-ABI40-SGR  
DFDP-2B 8 20 1 EM51  
DFDP-2B 8 20 2 EM51 pic à 351/308m 
DFDP-2B 8 21 1 CAL MS problème de communication  outil 
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DFDP-2B 8 21 2 CAL MS  
DFDP-2B 8 22 1 DLL  
DFDP-2B 8 22 2 DLL  
DFDP-2B 8 23 1 QL40-SGR-FWS  
DFDP-2B 8 23 2 QL40-SGR-FWS errors data 
DFDP-2B 8 23 3 QL40-SGR-FWS  
DFDP-2B 8 23 4 QL40-SGR-FWS  
DFDP-2B 8 24 1 QL40-ABI40-SGR  
DFDP-2B 8 24 2 QL40-ABI40-SGR  
DFDP-2B 8 24 3 QL40-ABI40-SGR  
DFDP-2B 8 24 4 QL40-ABI40-SGR  
DFDP-2B 8 24 5 QL40-ABI40-SGR  
DFDP-2B 8 24 6 QL40-ABI40-SGR  
DFDP-2B 8 24 7 QL40-ABI40-SGR  
DFDP-2B 8 25 1 QL40-FTC-GR conductivity 
DFDP-2B 9 26 1 QL40-ABI40-SGR  
DFDP-2B 9 26 2 QL40-ABI40-SGR  
DFDP-2B 9 26 3 QL40-ABI40-SGR T 73° 
DFDP-2B 9 26 4 QL40-ABI40-SGR same settings than up3 
DFDP-2B 9 26 5 QL40-ABI40-SGR  
DFDP-2B 9 26 6 QL40-ABI40-SGR  
DFDP-2B 9 26 7 QL40-ABI40-SGR  
DFDP-2B 9 26 8 QL40-ABI40-SGR  
DFDP-2B 10 27 1 QL40-FTC-CAL-GR Top BHA= 481,98m CAL and GR inverted while configurating the tool in software ==> right config, 

software bug GR curve not visible, 460m tension decrease of 10kg==> stop 
DFDP-2B 10 27 2 QL40-FTC-CAL-GR T° at bottom 56°C 
DFDP-2B 10 27 3 QL40-FTC-CAL-GR arms don't open, speed 1m/min, open slowly up to 105mm, then increase speed up to 4m/min. stay at 

105mm ==> stop 
DFDP-2B 10 27 4 QL40-FTC-CAL-GR speed 1m/min at the begining, then 4m/min. open progressively. 
DFDP-2B 10 28 1 QL40-ABI40-SGR  
DFDP-2B 10 28 2 QL40-ABI40-SGR  
DFDP-2B 10 28 3 QL40-ABI40-SGR  
DFDP-2B 10 28 4 QL40-ABI40-SGR  
DFDP-2B 10 28 5 QL40-ABI40-SGR pb SGR ==> on/off 
DFDP-2B 10 28 6 QL40-ABI40-SGR  
DFDP-2B 10 28 7 QL40-ABI40-SGR  
DFDP-2B 10 28 8 QL40-ABI40-SGR  
DFDP-2B 10 28 9 QL40-ABI40-SGR  
DFDP-2B 11 29 1 QL40-FTC-GR T° at bottom 74°C 
DFDP-2B 11 30 1 SGR512 HV 131, K negative until 460m 
DFDP-2B 11 31 1 DLL  
DFDP-2B 11 32 1 FWS Mono 20kHz gain 2, saturated signal ==> stop 
DFDP-2B 11 32 2 FWS lots of errors even at low speed, 406m error message (runtime error), Mono 20kHz gain1 
DFDP-2B 11 32 3 FWS runtime error 
DFDP-2B 11 32 4 FWS errors increase==> stop 
DFDP-2B 11 32 5 FWS less errors 
DFDP-2B 11 32 6 FWS like previous log, lots of errors at the begining, mono 1kHz gain 2 
DFDP-2B 11 32 7 FWS mono 5kHz gain 1 
DFDP-2B 11 32 8 FWS mono 1kHz gain 1 
DFDP-2B 11 33 1 FWS dipo 20kHz gain 2 lots of errors 
DFDP-2B 11 33 2 FWS dipo 15kHz gain 2, bad signal, better at 400m 
DFDP-2B 12 34 1 QL40-BSS-GR  
DFDP-2B 12 34 2 QL40-BSS-GR  
DFDP-2B 13 35 1 QL40-FTC-GR 80°C at bottom, pb cable 
DFDP-2B 14 36 1 QL40-FTC-GR Anormal noise coming from the winch, GR decrease at 505m 
DFDP-2B 14 37 1 QL40-ABI40-SGR lower speed from 480 to bottom: 4m/min 
DFDP-2B 14 37 2 QL40-ABI40-SGR between 510 - 505 difficulty to get a signal 
DFDP-2B 15 38 1 QL40-FTC-GR negative tension in mud. Anormal noise winch. Lower speed at 500m 4,3m/min, problem of cable 

winding 
DFDP-2B 15 39 1 QL40-ABI40-SGR cleaning winch with water. Anormal noise. Measurement window 120 + 50 microsec 
DFDP-2B 15 39 2 QL40-ABI40-SGR  
DFDP-2B 15 40 1 QL40-CAL does not open fully before 420m. At the surface, arms not fully closed because of mud 
DFDP-2B 15 41 1 DLL  
DFDP-2B 15 41 2 DLL  
DFDP-2B 15 42 1 QL40-FTC-GR 20m/min in casing, 10m/min down to 500m, 4m/min down to bottom 
DFDP-2B 16 43 1 QL40-FTC-GR  
DFDP-2B 17 44 1 QL40-FTC-GR tension drop at several depths, difficulties to get the tool down to the bottom, stop at 498m 

DFDP-2B 17 44 2 QL40-FTC-GR Trying to go deeper with no success 
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DFDP-2B 18 45 1 QL40-FTC-FWS-SGR speed 10m/min down to 500m, 5m/min down to 547, 4m/min down to bottom. Stop at 812m 82°C. 

DFDP-2B 18 45 2 QL40-FTC-FWS-SGR  
DFDP-2B 18 45 3 QL40-FTC-FWS-SGR  
DFDP-2B 18 46 1 DLL 731m value doesn't change, tool landed? Go up to log and check tool, then down again 
DFDP-2B 18 46 2 DLL  
DFDP-2B 18 46 3 DLL  
DFDP-2B 18 47 1 QL43-ABI43  
DFDP-2B 18 47 2 QL43-ABI43 8m/min down to 550m, tool landed at 814m 
DFDP-2B 18 47 3 QL43-ABI43  
DFDP-2B 18 47 4 QL43-ABI43 landed at 824 
DFDP-2B 18 47 5 QL43-ABI43  
DFDP-2B 18 47 6 QL43-ABI43  
DFDP-2B 18 47 7 QL43-ABI43  
DFDP-2B 18 47 8 QL43-ABI43  
DFDP-2B 18 47 9 QL43-ABI43  
DFDP-2B 18 47 10 QL43-ABI43 test measurement 
DFDP-2B 18 47 11 QL43-ABI43 test measurement 
DFDP-2B 18 48 1 QL40-BSS tool too light, impossible to go down 
DFDP-2B 19 49 1 QL40-FTC-FWS-SGR start acquisition at 260m 10m/min, at 555m lower speed down to 4m/min T° 66,4, at 612m t°70°C 

increase speed up to 10m/min 
DFDP-2B 19 49 2 QL40-FTC-FWS-SGR stop at 893m T° 83°C switch tools of to go up. Tension while going up 120kg, speed 10-18 m/min 

DFDP-2B 19 49 3 QL40-FTC-FWS-SGR no variation in mud T° 80,6°C, probably mud from the bottom stuck on the sensor 
DFDP-2B 19 50 1 DLL  
DFDP-2B 19 51 1 QL43-ABI43 Waveform recording at the top of the casing 
DFDP-2B 19 51 2 QL43-ABI43 Waveform recording at the bottom of the casing 
DFDP-2B 19 51 3 QL43-ABI43 Going down, while recording waveform 
DFDP-2B 19 51 4 QL43-ABI43  
DFDP-2B 19 51 5 QL43-ABI43  
DFDP-2B 19 51 6 QL43-ABI43  
DFDP-2B 19 51 7 QL43-ABI43  
DFDP-2B 19 51 8 QL43-ABI43  
DFDP-2B 19 51 9 QL43-ABI43  
DFDP-2B 19 51 10 QL43-ABI43  
DFDP-2B 19 51 11 QL43-ABI43 Main imaging file 
DFDP-2B 19 51 12 QL43-ABI43  
DFDP-2B 19 51 13 QL43-ABI43  
DFDP-2B 19 51 14 QL43-ABI43  
DFDP-2B 19 51 15 QL43-ABI43  
DFDP-2B 19 51 16 QL43-ABI43  
DFDP-2B 19 51 17 QL43-ABI43  
DFDP-2B 19 51 18 QL43-ABI43  
DFDP-2B 19 51 19 QL43-ABI43  
DFDP-2B 20 52 1 SGR512 Logger v11.1 
DFDP-2B 20 52 2 SGR512 Logger v11.1 
DFDP-2B 20 52 3 SGR512 Logger v11.1 
DFDP-2B 20 52 4 SGR512 Logger v11.1 
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Table A7. 4 Borehole televiewer parameters 

Session Run Pass Tool Loggers Log Depth Bottom Top Logged Logging Zero tool Sampling Interval Record Tool window Formation window Amplitude Travel Time 
     Direction Reference Depth Depth length speed Beginning End Vertical Horizontal waves End Beginning-End Min-Max Min-Max 
 # #     (m) (m) (m) (m/min) (m) (m) (mm) points/turn (Y/N) (ms) (ms)  (ms) 

2 02 1 ABI40 GH-BC DOWN CTB 7.24 1.69 5.55 5 1.68  4 72 N ? ? 33-720 9-162 
2 02 2 ABI40 GH-BC DOWN CTB 274.94 7.24 267.70 5-10   50 72 N ? ? 27-991 9-181 
2 02 3 ABI40 GH-BC UP CTB 274.96 263.91 11.05 0.2-0.5   4 288 N ? ? 25-256 11-182 
2 02 4 ABI40 GH-BC UP CTB 274.98 263.36 11.62 0.5   2 288 N 103 118-217 9-288 118-185 
2 02 5 ABI40 GH-BC UP CTB 263.02 1.32 261.70   1.27 50 72 N ? ? 33-984 10-167 

                    
5 05 1 ABI40 JP-BC-MLD UP RT 379.63 377.68 1.95 0.5 2.61  2 144 N ? 85-195 12-426 85-195 
5 05 2 ABI40 JP-BC-MLD UP RT 378.54 377.53 1.01 1   4 144 N ? 85-205 13-370 85-205 
5 05 3 ABI40 JP-BC-MLD UP RT 394.83 263.88 130.95 1  2.53 4 144 N ? 85-205 11-728 85-205 

                    
6 11 1 ABI40 JP-BC UP RT 321.06 308.99 12.07 1.5 2.61  4 144 N 30 90-210 12-438 90-210 
6 11 2 ABI40 JP-BC UP RT 313.63 308.83 4.80    4 144 N 30 90-230 12-435 90-230 
6 11 3 ABI40 JP-BC UP RT 322.07 259.90 62.17 0.7   2 288 N 30 90-230 11-661 90-230 
6 11 4 ABI40 JP-BC UP RT 259.89 253.68 6.21 1.5   4 144 N 30 90-230 11-628 90-230 
6 11 5 ABI40 JP-BC UP RT 253.66 238.65 15.01 4  5.04 8 72 N 30 90-230 11-648 90-230 

                    
7 19 1 ABI40 JP UP RT 312.40 309.03 3.37 1 2.61  4 144 N ? 90-230 10-222 90-230 
7 19 2 ABI40 JP UP RT 313.05 312.29 0.76 1   4 144 N ? 85-225 14-141 85-180 
7 19 3 ABI40 JP UP RT 312.28 310.31 1.97 1   4 144 N ? 95-235 11-213 95-235 
7 19 4 ABI40 JP UP RT 312.13 310.46 1.67 1   4 144 N ? 100-240 10-214 101-240 
7 19 5 ABI40 JP UP RT 390.91 390.69 0.22 0.5   2 144 N ? 90-230 15-58 91-122 
7 19 6 ABI40 JP UP RT 390.77 389.63 1.14 0.5   2 144 N ? 95-235 12-39 95-234 
7 19 7 ABI40 JP UP RT 381.04 380.59 0.45 0.5   2 144 N ? 95-235 11-69 95-234 
7 19 8 ABI40 JP UP RT 380.12 367.75 12.37 0.5   2 144 N ? 100-240 10-93 100-240 
7 19 9 ABI40 JP-BC UP RT 367.75 338.50 29.25 0.5   2 144 N ? 100-240 10-186 100-240 
7 19 10 ABI40 JP-BC UP RT 338.65 335.99 2.66 0.5   2 144 N ? 90-230 12-143 90-229 
7 19 11 ABI40 JP-BC UP RT 335.98 319.48 16.50 1.7  3.72 4 144 N ? 90-230 12-200 90-230 

                    
8 24 1 ABI40 ON-MLD UP RT 10.75 10.51 0.24 0.5 3.22  4 144 Y ? 1-200 57-439 3-173 
8 24 2 ABI40 ON-MLD UP RT 260.03 259.81 0.22 0.5   4 144 Y ? 0-200 125-576 0-177 
8 24 3 ABI40 ON-MLD DOWN RT 281.36 259.81 21.55 0.5   4 144 144 ? 110-230 10-603 110-230 
8 24 4 ABI40 ON-MLD UP RT No data No data No data 0.5   No data No data No data No data No data No data No data 
8 24 5 ABI40 ON-MLD DOWN RT 288.40 281.03 7.37 0.5   4 144 N ? 110-230 10-533 110-231 
8 24 6 ABI40 ON-MLD DOWN RT 288.92 288.33 0.59 0.5   4 144 N ? 110-230 11-171 111-231 
8 24 7 ABI40 ON-MLD UP RT 296.30 292.32 3.98 0.5  1.53 4 144 N ? 110-230 11-170 111-231 

                    
9 26 1 ABI40 JP-MLD UP RT 390.11 389.31 0.80 0.5 2.61  2 288 N ? 120-260 9-114 120-247 
9 26 2 ABI40 JP-MLD UP RT 389.31 389.07 0.24 0.5   2 288 N ? 120-220 9-124 120-220 
9 26 3 ABI40 JP-MLD UP RT 389.99 389.96 0.03 0.5   2 288 N ? 120-180 8-131 120-180 
9 26 4 ABI40 JP-MLD UP RT 389.95 383.55 6.40 0.5   2 288 N ? 120-180 8-206 110-180 
9 26 5 ABI40 JP-MLD UP RT 385.13 383.58 1.55 0.5   2 288 N ? 120-200 8-184 120-200 
9 26 6 ABI40 JP-MLD UP RT 384.08 340.76 43.32 0.5   2 288 N ? 120-180 7-308 120-180 
9 26 7 ABI40 JP-MLD UP RT 341.68 316.98 24.70 0.5   2 288 N ? 120-200 7-330 120-200 
9 26 8 ABI40 JP-MLD UP RT 231.86 2.36 229.50 20  2.42 500 72 N ? ? 30-187 6-88 

                    
10 28 1 ABI40 JP-ON-BC DOWN RT 398.70 264.95 133.75 7 2.61  50 72 N ? ? 31-397 8-189 
10 28 2 ABI40 ON-BC DOWN RT 399.04 398.78 0.26 9   8 72 Y ? 10-190 9-241 110-190 
10 28 3 ABI40 ON-BC DOWN RT 480.00 399.07 80.93 3   8 72 N ? 120-200 8-299 120-200 
10 28 4 ABI40 ON-BC UP RT 480.00 465.50 14.50 0.5   2 288 N ? 120-170 7-298 120-170 
10 28 5 ABI40 ON-BC UP RT 465.67 457.11 8.56 0.5   2 288 N ? 120-170 7-264 120-169 
10 28 6 ABI40 ON-BC UP RT 457.45 383.00 74.45 0.5   2 288 N ? 120-170 7-321 120-170 
10 28 7 ABI40 ON-BC UP RT 290.00 280.00 10.00 0.5   2 288 N ? 120-170 8-292 120-169 
10 28 8 ABI40 ON-BC UP RT 260.53 260.14 0.39 0.5   2 288 N ? 140-180 7-186 140-180 
10 28 9 ABI40 ON-BC UP RT 260.13 258.93 1.20 0.5  2.38 2 288 N ? 140-190 7-215 140-190 

                    
14 37 1 ABI40 ON-MLD DOWN RT 523.95 262.65 261.30 10-4 2.61  50 72 N ? ? 8-431 120-200 
14 37 2 ABI40 ON-MLD UP RT 524.00 476.67 47.33 0.5  2.39 2 288 N ? 115-195 8-465 115-195 

                    
15 39 1 ABI40 JP-BC UP RT 546.07 519.46 26.61 0.5 2.61  2 288 N ? 120-170 8-478 120-170 
15 39 2 ABI40 JP-BC UP RT 519.43 259.17 260.26 15  2.37 20 72 N ? 120-170 7-494 120-170 

                    
18 47 1 ABI43 ON-MLD UP RT 280.19 279.87 0.32 1 2.01  4 144 Y ? 125-185 9-185 125-185 
18 47 2 ABI43 ON-MLD DOWN RT 816.52 279.97 536.55 8   50 72 N ? 125-185 6-1208 125-185 
18 47 3 ABI43 ON-MLD DOWN RT 815.76 809.96 5.80 8   50 72 N ? 125-184 15-297 125-185 
18 47 4 ABI43 ON-MLD DOWN RT 824.89 811.69 13.20 4   50 72 N ? 125-185 17-280 125-185 
18 47 5 ABI43 ON-MLD UP RT 824.89 822.25 2.64 1.2   2 288 N ? 125-175 18-156 125-185 
18 47 6 ABI43 ON-MLD UP RT 822.16 821.44 0.72 1.2   2 288 N ? 135-185 12-151 135-185 
18 47 7 ABI43 ON-MLD UP RT 821.03 811.07 9.96 1.2   2 288 N ? 125-175 14-336 125-175 
18 47 8 ABI43 JP-BC UP RT 813.05 789.47 23.58 1.2   2 288 N 50 125-175 14-314 125-175 
18 47 9 ABI43 JP-BC UP RT 816.07 539.51 276.56 1.2   2 288 N 50 127-170 7-585 127-170 
18 47 10 ABI43 JP-BC UP RT 542.00 540.60 1.40 1.2   2 288 N ? 125-175 9-191 125-175 
18 47 11 ABI43 JP-BC UP RT 542.14 539.73 2.41 1.2  1.19 2 288 N ? 130-200 7-243 130-200 

                    
19 51 1 ABI43 ON-MLD-CM UP RT 15.19 14.89 0.30 1 2.01  2 288 Y ? ? 10-190 115-212 
19 51 2 ABI43 ON-MLD-CM UP RT 261.52 260.97 0.55 1   2 288 Y ? ? 9-372 120-247 
19 51 3 ABI43 ON-MLD-CM DOWN RT 405.67 261.07 144.60 8   50 288 Y 50 130-160 5-363 130-159 
19 51 4 ABI43 ON-MLD-CM DOWN RT 494.92 405.82 89.10 8   50 288 Y 50 130-170 5-245 130-170 
19 51 5 ABI43 ON-MLD-CM DOWN RT 776.17 495.02 281.15 8   50 288 Y ? 135-160 5-229 135-160 
19 51 6 ABI43 ON-MLD-CM UP RT 776.16 765.86 10.30 4   50 288 Y ? ? 5-159 135-160 
19 51 7 ABI43 ON-MLD-CM DOWN RT 887.58 465.88 421.70 8  0.84 50 288 Y ? ? 5-267 135-160 
19 51 8 ABI43 ON-MLD-CM   No data No data No data    No data No data No data No data No data No data No data 
19 51 9 ABI43 ON-MLD-CM UP RT 887.11 883.65 3.46 1 2.01  2 288 N ? 130-165 8-305 130-165 
19 51 10 ABI43 ON-MLD-CM UP RT 884.99 882.43 2.56 1   2 288 N ? 135-165 6-219 135-165 
19 51 11 ABI43 ON-MLD-CM UP RT 885.53 817.32 68.21 1   2 288 N ? 132-159 6-308 132-159 
19 51 12 ABI43 ON-MLD-CM UP RT 820.53 816.98 3.55 1   2 288 N ? 130-160 7-184 130-160 
19 51 13 ABI43 ON-MLD-CM UP RT 820.60 796.66 23.94 1   2 288 N ? 132-159 6-225 132-159 
19 51 14 ABI43 ON-MLD-CM UP RT 801.16 797.61 3.55 1   2 288 N ? 130-160 7-221 130-160 
19 51 15 ABI43 ON-MLD-CM UP RT 798.60 791.62 6.98 1   2 288 N ? 131-161 6-217 131-162 
19 51 16 ABI43 ON-MLD-CM UP RT 796.16 791.44 4.72 1   2 288 N ? 132-158 6-161 132-158 
19 51 17 ABI43 ON-MLD-CM UP RT 758.40 755.84 2.56 1   2 288 N ? 134-159 6-116 134-159 
19 51 18 ABI43 ON-MLD-CM UP RT 742.45 263.35 479.10 8   50 288 Y ? 130-155 4-272 130-155 
19 51 19 ABI43 ON-MLD-CM UP RT 263.15 0.93 262.22 18  0.84 100 288 Y ? ? 6-423 140-194 

                    
Total logged length: 4803.87  
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Table A7. 5 Depth matching results. 
Borehole Session Run Pass Tool Bottom Top Offset Slope Drift Depth match log reference (interval kept for BHTV analysis) 

  # # stack Depth (m) Depth (m) (m) [Negative is upwards] m/m m/1000m Reference log (and interval displayed if applicable). 
DFDP-2B 2 01 1 QL40-FTC-GR 275.87 1.97 0.29935 1 0 R45_P1 
DFDP-2B 2 02 4 QL40-ABI40 274.98 263.36 0.39530 1 0 R45_P1 (263.2 - 274.75m) 
DFDP-2B 5 04 1 QL40-FTC-GR 396.82 1.97 -0.03522 1 0 R45_P1 
DFDP-2B 5 07 1 DLL 396.74 262.29 -0.08687 1.0008 0.8 R46_P1 
DFDP-2B 5 07 2 DLL 396.61 265.16 0.00607 1.001 1 R46_P1 
DFDP-2B 5 08 1 QL40-BSS-GR 394.99 265.94 -1.51240 1.0036 3.6 R34_P2 
DFDP-2B 5 08 2 QL40-BSS-GR 394.89 264.24 -1.61590 1.0041 4.1 R34_P2 
DFDP-2B 5 09 2 QL40-FTC-CAL-GR 394.96 22.86 -1.88410 1 0 R45_P1 
DFDP-2B 5 09 3 QL40-FTC-CAL-GR 394.90 253.35 -1.77850 1 0 R45_P1 
DFDP-2B 6 10 1 QL40-FTC-CAL-GR 321.95 3.75 -1.60240 1 0 R45_P1 
DFDP-2B 6 10 2 QL40-FTC-CAL-GR 321.95 260.05 -1.70800 1 0 R45_P1 
DFDP-2B 6 11 3 QL40-ABI40-SGR 322.07 259.90 0.25030 1 0 R45_P1 (274.75 - 316.267m) 
DFDP-2B 6 12 1 QL40-SFM-FWS-GR 321.99 255.39 0.22500 1 0 R45P1 (without stack inversion) 
DFDP-2B 6 12 2 QL40-SFM-FWS-GR 321.96 255.06 0.27800 1 0 R45P1 (without stack inversion) 
DFDP-2B 6 12 3 QL40-SFM-FWS-GR 322.02 255.07 0.19800 1 0 R45P1 (without stack inversion) 
DFDP-2B 6 12 4 QL40-SFM-FWS-GR 321.97 254.92 0.23800 1 0 R45P1 (without stack inversion) 
DFDP-2B 6 13 1 DLL 320.35 263.50 0.07861 1.0078 7.8 R46_P1 
DFDP-2B 6 13 2 DLL 320.34 261.39 0.14857 1.0069 6.9 R46_P1 
DFDP-2B 6 14 1 EM51 320.06 260.26 0.69612 1.004 4 R20_P2 
DFDP-2B 6 14 2 EM51 320.02 262.72 -0.03400 1.007 7 R20_P2 
DFDP-2B 7 16 1 QL40-FTC-CAL-GR 394.25 3.75 -0.28174 1 0 R45_P1 
DFDP-2B 7 16 2 QL40-FTC-CAL-GR 393.70 237.70 -0.19370 1 0 R45_P1 
DFDP-2B 7 17 1 EM51 399.11 262.56 -0.05485 1.007 7 R20_P2 
DFDP-2B 8 20 1 EM51 396.36 258.26 -0.02475 1.0005 0.5 R20_P2 
DFDP-2B 8 20 2 EM51 396.35 263.25 0 1 0 EM51 measurementsReference log 
DFDP-2B 8 22 1 DLL 396.31 260.26 -0.05478 1.0006 0.6 R46_P1 
DFDP-2B 8 22 2 DLL 396.31 262.11 0.12589 1.0007 0.7 R46_P1 
DFDP-2B 8 23 4 QL40-SGR-FWS 389.95 260.00 2.08000 1 0 R45P1 (without stack inversion) 
DFDP-2B 8 25 1 QL40-FTC-GR 390.00 264.20 0 1 0 R45_P1 
DFDP-2B 9 26 6 QL40-ABI40-SGR 384.08 340.76 -0.15470 1 0 R45_P1 (341.512 - 383.33m) 
DFDP-2B 9 26 7 QL40-ABI40-SGR 341.68 316.98 -0.15470 1 0 R45_P1 (316.267 - 341.512m) 
DFDP-2B 10 27 1 QL40-FTC-CAL-GR 458.20 3.75 -0.19370 1 0 R45_P1 
DFDP-2B 10 27 4 QL40-FTC-CAL-GR 479.90 325.00 0 1 0 R45_P1 (no common pick) 
DFDP-2B 10 28 4 QL40-ABI40-SGR 480.00 465.50 0.09530 1 0 R45_P1 (465.504 - 476.2m) 
DFDP-2B 10 28 5 QL40-ABI40-SGR 465.67 457.11 0.09530 1 0 R45_P1 (457.2 - 465.504) 
DFDP-2B 10 28 6 QL40-ABI40-SGR 457.45 383.00 0.09530 1 0 R45_P1 (383.33 - 457.2m) 
DFDP-2B 11 29 1 QL40-FTC-GR 489.32 1.97 0.14087 1 0 R45_P1 
DFDP-2B 11 31 1 DLL 489.37 236.32 0.39836 1.0002 0.2 R46_P1 
DFDP-2B 12 34 1 QL40-BSS-GR 489.03 263.76 -0.05218 0.99989 -0.11 R34_P2 
DFDP-2B 12 34 2 QL40-BSS-GR 489.02 261.35 0 1 0 BSS measurementsReference log 
DFDP-2B 13 35 1 QL40-FTC-GR 488.97 1.97 -0.07044 1 0 R45_P1 
DFDP-2B 14 36 1 QL40-FTC-GR 523.96 206.41 0.00744 1.0001 0.1 R45_P1 
DFDP-2B 14 37 2 QL40-ABI40-SGR 524.00 476.67 -0.00470 1 0 R45_P1 (476.2 - 523.3m) 
DFDP-2B 15 38 1 QL40-FTC-GR 546.02 260.12 0.05153 1.0001 0.1 R45_P1 
DFDP-2B 15 39 1 QL40-ABI40-SGR 546.07 519.46 0.04530 1.00 0.00 R45_P1 (523.3 - 545.46m) 
DFDP-2B 15 41 1 DLL 546.31 292.51 -0.12798 1.0008 0.8 R46_P1 
DFDP-2B 15 41 2 DLL 546.29 260.84 0.42457 1.0003 0.3 R46_P1 
DFDP-2B 15 42 1 QL40-FTC-GR 545.98 264.13 0.01604 1 0 R45_P1 
DFDP-2B 16 43 1 QL40-FTC-GR 523.47 1.97 0.08804 1 0 R45_P1 
DFDP-2B 17 44 1 QL40-FTC-GR 498.53 1.89 -0.14087 1 0 R45_P1 

DFDP-2B 18 45 1 QL40-FTC-FWS-SGR 812.13 260.38 0 1 0 
Gamma Ray, Temperature and Conductivity 
measurementsReference log 

DFDP-2B 18 46 1 DLL 739.51 263.51 0 1 0 Electrical measurementsReference log 
DFDP-2B 18 46 2 DLL 695.97 554.57 0.63763 0.99981 -0.19 R46_P1 
DFDP-2B 18 46 3 DLL 827.72 573.82 0.38004 0.99968 -0.32 R46_P1 
DFDP-2B 18 47 5 QL43-ABI43 824.89 822.25 0.39530 1 0 R45_P1 
DFDP-2B 18 47 6 QL43-ABI43 822.16 821.44 0.39530 1 0 R45_P1 
DFDP-2B 18 47 7 QL43-ABI43 821.03 811.07 0.39530 1 0 R45_P1 
DFDP-2B 18 47 9 QL43-ABI43 816.07 539.51 0.39530 1 0 R45_P1 (545.46 - 797.45m) 
DFDP-2B 19 49 1 QL40-FTC-FWS-SGR 822.74 260.29 0.05236 1 0 R45_P1 
DFDP-2B 19 49 2 QL40-FTC-FWS-SGR 893.02 822.82 0.05236 1 0 R45_P1 (same as R49_P2) 
DFDP-2B 19 49 3 QL40-FTC-FWS-SGR 750.73 384.13 0.22469 1.0012 1.2 R45_P1 
DFDP-2B 19 50 1 DLL 892.90 237.20 0.70779 1.0014 1.4 R46_P1 
DFDP-2B 19 51 9 QL43-ABI43 887.11 883.65 1.04530 1 0 R45_P1 (883.7 - 886.891m) 
DFDP-2B 19 51 11 QL43-ABI43 885.53 817.32 1.04530 1 0 R45_P1 (817.097 - 883.7m) 
DFDP-2B 19 51 13 QL43-ABI43 820.60 796.66 1.04530 1 0 R45_P1 (797.45 - 817.097m) 
DFDP-2B 19 51 15 QL43-ABI43 798.60 791.62 1.04530 1 0 R45_P1 
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