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EXECUTIVE SUMMARY 
This report summarises the drilling and construction of two production bores and nine monitoring bores at 
the Ministers North project. The installed production bores are considered capable of supplying sufficient 
water for both crushing and dust suppression during mining, however test pumping was not undertaken 
during this programme.  

The area to the east of the northern pit shell at HMN0013 had the highest airlift yield (up to 50 L/s) and 
showed signs of major faulting and fracturing, possibly due to the proximity to the Keystone Fault. Yields 
were also high on the north-west end of the Northern pit shell, with HMN0003 yielding more than 20 L/s. 

A further four monitoring bores were installed for groundwater exploration and to augment the monitoring 
bore network. The main observation was that ground conditions on the north-western edge of the Northern 
pit shell become less prospective for dewatering as we moved towards the central pit area, with yields 
dropping from 8 L/s in HMN0005 to 5 L/s in HMN0009. 

Additionally, five monitoring bores were installed to augment the environmental monitoring network around 
the environmentally sensitive Sanders Seep. Yields were generally relatively low (0.1–6 L/s) and the 
encountered geology was as expected. The exception was the occurrence of dolomite in HMN0017, and 
elevated yields (15 L/s) in the McRae Shale intersected the base of the Yandicoogina Creek gorge, west of 
Sanders Seep. Observed ground conditions suggested the enhanced permeability is likely associated with 
fracturing along the regional Werriba Anticline hinge axis. 

Steep terrain caused some access issues, with earthworks undertaken to increase safety and contain 
discharge to avoid impacting infrastructure and environment sensitive areas. 

Water quality across the project area was very fresh with EC less than 650 µS/cm indicating that the 
groundwater is likely very near the point of recharge. 

Water levels were depressed by an average of 1.5 m from predicted levels. Broad-scale drawdown has been 
observed since monitoring was first commenced in 2017, suggesting relatively good connectivity east to 
west, along strike of the bedding plane. Major impact from the mine dewatering activity to the north is 
considered unlikely due to the presence of low permeably Weeli Wolli Formation and lack of preferential 
drawdown along major structural features such as the Keystone Fault. It is suggested that the regional 
decline may be an expression of limited recharge driven by a lack of major high-intensity cyclonic rainfall 
events during the monitoring period, reduced recharge to the aquifer.  
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Figure 1: Simplified regional geology and structural setting of Ministers North (Kepert (2018)) 

 
Figure 2: Proposed drill holes in relation to pit shell and the Keystone Fault 
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The two proposed pit shells target the mineralised Brockman Iron Formation on the limbs of the anticline, 
which are hosted in broadly WNW–ESE striking bedding, with a moderate dip to the north and a gentle dip to 
the south. The hinge of the Werriba Anticline is generally more deeply eroded and changes in the east of the 
deposit from WNW–ESE to NW–SE. The deeper erosion along the centre of the anticline is likely due to 
preferential weathering along extensional fractures formed within the brittle BIF layers during deformation.  

A cross-section of the Werriba Anticline with associated geological units in relation to the proposed pit shells 
is given in Figure 3. 

 
Figure 3: Cross section of the Werriba Anticline through the HMN0003 target 

Parasitic folding on northern limb of the Werriba Anticline is an important target for drilling as the process 
thickens up the ore-bearing horizons (D2 and D4) and is inferred to create structurally induced permeability. 
Mineralisation within the Dales Gorge Member follows the geometry of the Werriba Anticline, extending 
laterally along strike and down dip to depth.  

The mineralisation style is typical Brockman martite-goethite (M-G) composition, considered to be the result 
of supergene enrichment. The martite-goethite ores are characterised by high porosities (10–30%) (Taylor et 
al., 2001). The process of mineralisation enrichment enhances porosity within the host rock by the removal 
of silica (quartz). Weathering is likely to occur to some depth within the main ore bearing zones, with 
oxidation of the rock destroying primary texture and forming secondary fractures vuggs and cavities, which 
can greatly increase localised porosity. 

Further to the north lies the Weeli Wolli Formation, which is comprised of low permeable shales, jaspilite BIF, 
basalt, and dolerite dykes that form a natural barrier to groundwater flow in his direction.  

The Keystone Fault is a major fault which trends NE across the eastern side of the proposed pit shells 
(Figure 2). The Keystone Fault is a normal fault trending SW–NE with 10–15 m displacement. The anticline 
axis rotates from roughly NW–SE to NNW–SSE and the anticline begins to plunge (Androszczuk, 2019). The 
hydraulic properties of the fault are currently unknown; however, it is a potential pathway of preferential flow, 
driven by increased permeability along fracture pathways. There is potential for enhanced permeability along 
multiple minor fault zones running through the project area associated with NE–SW trending valleys incised 
into the landscape that occur as major ridge line incisions.  

An array of frontier piezometers was installed during the initial resource drill-out of the Ministers North project 
in 2017 and 2019. These monitoring points consist of 50 mm PVC casing with variable screen lengths 
installed in open RC exploration holes. Bore construction is usually completed by suspending the 50 mm 
casing from 6 m of 150 mm PVC surface casing with metal clamps and a surface seal of two part expanding 
polyurethane foam is installed. Frontier piezometer bore logs with construction details can be seen in 
Appendix F. Pressure transducer loggers were installed in these bores for long term water level monitoring.  

Interpreted pre-mining water levels at Minister’s North were found to range from 562.8 to 564.6 mRL, with a 
slight groundwater gradient to the north-east where mine dewatering activity off lease has drawn the water 
table down to 532 mAHD. The Yandicoogina Creek is also thought to act as a drain for groundwater, with 
water levels likely depressed in areas of topographic low along the base of the gorge. 

N S 
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Figure 4: Interpreted “pre-mining” water level map based on static water level data taken from Andrszczuk 

(2019) 

1.3 Targeting rationale  
The Ministers North project is expected to require two additional 170 m deep production bores for water 
supply purposes. A production bore location furthest north-west was initially favoured due to proximity to a 
proposed crushing facility which would be installed near this location. An additional bore was also required in 
the southern area of the project for supplying dust suppression water during construction and operation. Due 
to limited knowledge of potential hydrogeological outcomes prior to commencing the current drilling 
programme, a staged approach was taken to ensure successful placement of the production bores. 

Proposed target locations are shown in Figure 5 with respect to the future pit shell as well as heritage and 
environmentally sensitive area. 

The initial programme for drilling envisioned drilling up to 12 pilot holes in four separate groups on the north-
western and eastern edge of the northern pit shell (Figure 5). The results of drilling the pilot holes would then 
be assessed and the best location for providing water in the east and west of the Northern pit shell would be 
chosen for construction of two water supply production bores. These production bores may also be suitable 
for future dewatering when mining commences.  

Pilot hole locations not chosen for production bores were to be constructed as monitoring bores to augment 
the environmental monitoring network and enable monitoring of regional drawdowns during pumping tests of 
the production bores. Hydrogeological information gained from the pumping tests is a key component to 
informing the conceptual hydrogeological model that contributes to the mining approvals process. 

A summary of the proposed drilling programme is provided in Table 1. 
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Figure 5: Proposed target location in respect to the proposed Ministers North pit shell, heritage and environmentally sensitive areas 
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2 DRILLING PROGRAMME 
The drilling and installation of two production bores and nine monitoring bores was undertaken by Welldrill 
using a Fraste FS500 conventional hammer (CH) water bore drill rig between 09 June 2020 and 07 August 
2020. Final drill locations are shown on Figure 6. Technical supervision was provided by BHP Stewardship 
and Technical, with RPS’ hydrogeologists undertaking geological logging and monitoring of discharge rates 
and groundwater water quality (pH and EC) during drilling.  

A summary of the completed work is provided in Table 2. 

Table 2: Summary of completed work 

Programme DR no. of holes DR (m) Gamma OTV ATV 
Monitoring bores 9 1,109 N N N 
Production bores 2 348 N Y Y 

 

All bores were constructed according to BHP criteria that meet or exceed the mandatory and recommended 
best practices detailed in the Minimum Construction Requirements for Water Bores in Australia (4th Ed, 
2020). 

Typical surface completions for the bores are shown in Plate 1 and Plate 2.  

Monitoring bores were constructed using 50 mm Class 18 PVC-u within 203 mm diameter drill holes. Slotted 
50 mm PVC-u Class 18 with 1 mm aperture was installed from near the water table to varying depths below 
the water table then completed with 3.2–6.4 mm gravel pack to surface and topped with a cement plinth and 
steel headworks (Plate 1. 

Production bores were drilled in a three-stage process, an initial 203 mm pilot hole, widened out with a 
305 mm ream and a final 432 mm ream. The production bores were then constructed using 305 mm steel 
casing with 50 to 60 m of 305 mm, wire-wound stainless-steel screens with 1 mm aperture installed at the 
target aquifer depth. The bores were gravel packed to surface with 3.2–6.4 mm gravel pack and topped with 
a cement plinth and steel headworks (Plate 2).  

Full bore construction details are provided in Appendix A and bore construction diagrams in Appendix B. The 
completed FORM 2 document is also included in Appendix C for productions bores and a copy of the water 
quality laboratory analysis results is included in Appendix D. 

After drilling four pilot holes, two on the north-east corner and two on the southern edge of the North pit shell, 
it was apparent that sufficient water would be available from these locations for water supply purposes. Of 
the two pilot holes drilled at each location, the best one was chosen for the construction of a production bore, 
while the other was completed as a monitoring bore. This decision was based on the observed airlift yield, 
the degree of weathering and alteration/enrichment of the formation that had occurred and extend of 
fracturing and broken ground noted during drilling.  

The remaining two locations (HMN0005, HMN0009) on the north side of the proposed pit shell were drilled 
as monitoring bores to obtain hydrogeological information and augment the monitoring network. This 
approach did result in seven unused pads and sumps being constructed but allowed the flexibility to adapt 
the drilling programme to the ground conditions uncovered during drilling, ensuring the best outcome.  

All targets to the east of the project area surrounding Sanders Seep were drilled to planned target depths 
and installed as monitoring bores and all design criteria and technical objectives were met.  
 

DRAFT



REPORT 

EWP20050.001  |  Hydrogeological investigation  |  Draft A  |  09 April 2021 
rpsgroup.com  Page 9 

 
Figure 6: Location and airlift yields of drilled monitoring and production bores 
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Plate 1: Typical headworks completion of 

monitoring bores (HMN0016M deep and 
HMN0015M shallow) 

Plate 2: Typical headworks completion of the 
production bores (HMN0013P) 

2.1 Safety and environment 
A summary of the anticipate risks and constraints identified during the programme planning stage is 
presented in Table 3.  

Table 3: Risks and constraints for the drilling programme. 

Technical risk Risk addressed Comments / actions 
Reactive geology Y Reactive geology was expected at two locations, with sumps 

constructed to contain discharge.  
Fibrous Material Y Based on the interpreted geology, fibrous intercept is highly unlikely as 

we are drilling through mineralised Dales Gorge sequence primarily. 
Discharge management 
whilst drilling 

Y High yield anticipated with water quality expected to be well within 
discharge limits.  

 

No major safety incidents occurred during the drilling campaign. 

Reactive ground was anticipated, with HMN0015, HMN0016 and HMN0017 intersecting pyritic black shale of 
the Mt McRae Shale. Data was captured in data tracking and all discharge and drill spoils contained on the 
pad and within the sump. 

No fibrous material was expected or encountered during the drilling programme. 

Discharge was managed to ensure field water quality parameters where within discharge management plan 
limits, and erosion controls were in place. No discharge was allowed from the monitoring bores to the east 
surrounding Sanders Seep as this had the potential to impact the Sensitive Pilbara Drainage buffer zone. 
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Drilling was intended to commence at Sander’s Seep, but poor communication was identified as a safety risk 
for drilling in this area, with no mobile or tetra reception. A JHA was implemented to manage 
communications while drilling around Sander’s Seep (i.e. satellite phones at rig and in support vehicles). As 
tetra radios were out of range for bores around Sanders Seep the supervising hydrogeologist kept a satellite 
phone powered on to ensure communication with geoscience was possible in case of an emergency event. 

The steep terrain around Sanders Seep was the main environmental issue impacting safety with 
communications and sections of steep access track. On the initial attempt to mobilise the drill rig from 
HMN0016 and HMN0017 the compressor truck towing an auxiliary compressor trailer was unable to navigate 
the steep section up Rusty’s Ramble, having to back down the steep incline. 

Welldrill procured a more capable 8WD support truck to mobilise equipment to the site. Travel of the rig and 
support trucks through this area was managed by a separate JHA and involved trucks navigating the steep 
sections one at a time in low gear. This process added additional time to rig moves to and from this area. 

Drilling on the valley floor at the HMN0015/HMN0016 location encountered higher than expected yields. This 
area was also near multiple heritage and environmental exclusion zones, so no ground disturbance or 
discharge could leave the pad/sump. During the drilling of HMN0016, black shales were intersected which 
coincided with large yields (>20 L/s). This limited the total discharge to the existing sump as no further 
earthworks or discharge was possible. During the drilling of HMN0016, the sump was reaching its 
contaminant capacity at 75 m and the hole was determined to have achieved its technical object and the 
monitoring bore was terminated 25 m short of target depth. In rod installation was deemed necessary for the 
best chance of successfully constructing the bore to depth while minimising discharge volumes to ensure 
water containment. This was necessary due to broken and loose formation which would have required 
extensive hole development and possible deepening to install the monitoring bore to target depth.  

The location was then left to later in the drilling programme to allow the sump to drain before commencing 
the drilling of HMN0015. HMN0015 was then drilled at this location and successfully installed to a depth of 
40 m, with all water contained within the sump. 

During the drilling of HMN0013 water was observed exiting the project area and crossing the rail access 
track. As high volumes of vehicle travel were occurring along this track due to track maintenance being 
carried out at the time, it was decided to manage the risk and ensure the rail access track remained safe and 
trafficable. Earthworks were undertaken to manage the discharge of water and contain it within the project 
area with a large sump, excavated in the gully below the HMN0013 to capture discharge water. 

The sump for the HMN0003 was undersized for a production bore. The sump was unable to be extended 
due to its location at the top of a steep cliff and hard silicious cap rock. Drilling was successfully undertaken 
but some material exited the sump due to overshooting the walls of the sump when high yields were 
encountered. The rocky nature of the material used to construct the sump led to seepage from the base of 
the sump during drilling, which limited the sumps capability to act as a sedimentation pond to limit the solids 
carried by the drill discharge water. Water exiting the sump flowed down the valley to the north and across 
the accessway but remained on BHP tenements. Some delays were experienced managing the sump for 
safe disposal and allowing sediment load to decrease in the discharge water. All water was within prescribed 
field parameters for safe disposal. Some ponding occurred at the base of Damo’s Dip as discharge from 
drilling crossed the access track during drilling and development of HMN0003. Discharge was managed, with 
additional drainage created to minimise impact on the track, prevent erosion and ensure the track was safely 
trafficable as an alternative emergency exit from the project area was not available.  

2.2 Pads and access 
Drill target locations took advantage of existing access tracks to minimise required earthworks and 
clearance. Where new access tracks had to be pushed in, they were generally well constructed and clear of 
loose boulders and sticks. Pad size was the standard 30 m by 30 m with adjacent sump layout for 
conventional hammer drilling. Prepared earthworks were generally acceptable at the commencement of the 
programme; however, some minor issues require additional attention to safely conduct the drilling 
programme.  

Earthworks were required to revisit sections of the project area to fix up sumps and road access. The 
additional cost was minimised as the need for additional earthworks was identified early and issues rectified 
while the earthworks contractor was still in the Ministers North area preparing for an upcoming RC drilling 
programme. 

DRAFT



REPORT 

EWP20050.001  |  Hydrogeological investigation  |  Draft A  |  09 April 2021 
rpsgroup.com  Page 12 

Three sections of steep terrain were identified at the start of the drill campaign as being high risk for rig 
movement, Rusty’s Ramble, Kiwi Kink and Damo’s Dip. Earthworks were remobilised to these sections to 
decrease the slope angle, remove loose gravel from the track surface and reduce the angle of attack at the 
base of the gullies.  

The pad at HMN0017 was smaller than standard 30 m by 30 m being 24 m wide. Welldrill was able to safely 
adapt to the smaller pad by backing in the compressor in front of the rig. This was not ideal as it created a 
restricted pad and additional time was taken mobilising to site and planning a safe pad layout. 

Some sumps were built out of loose rock material from pad excavation and were deemed likely to leak 
during drilling. As there was not an easily achievable solution due to the steep and rocky terrain, the decision 
was taken to manage discharge during the drilling programme to ensure no negative environmental impacts.  

HMN0009 was terminated at 162 m, eight metres short of target depth due to high TSS in uncontrolled 
discharge from the sump but had achieved its technical objective. Rocky material in the sump wall allowed 
drainage from the base of the sump with minimal retention of sediment laden water.  

The pad on HMN0013 was constructed on the uphill side of the drill pad. As the yields from this bore were 
high, a blank section of steel casing was dug into a trench across the access track and buried to allow water 
to exit the sump and maintain safe egress in case of an emergency. The additional earthworks were 
undertaken by the drill crew utilising their backhoe.  

The gully below the production bore HMN0003 (Damo’s Dip) required minor additional drainage carried out 
by the drillers backhoe to ensure the access track remained trafficable during drilling as discharge from this 
hole was running over the access track.  

2.3 Hydrogeology 
Encountered geology was comparable to the modelled geology on the western side of the railway, adjacent 
to the proposed pit shells. This was expected due to the extensive resource drilling that has been undertaken 
in the area. Recorded ground hydrogeological observations for each bore are given in Table 4 with bore 
construction and hydrogeological details given in Appendix A and Appendix B respectively.  

Table 4: Hydrogeological observations during drilling 

Bore ID Monitoring and production bore groundwater observations 
HMN0001 Yield increased from 90 m where a first water strike (FWS) of 2 L/s was observed to between 18 and 

20 L/s at 156 m and remained constant at 20 L/s to EOH. A dark grey clay layer was intercepted from 82 to 
90 m, believed to be manganese-rich Whaleback Shale, possible confining layer (no pyrite and followed by 
Dales Gorge so unlikely to be McRae Shale). 

HMN0003 FWS at 74 m, very minor flow to 1 L/s at 90 m coincided with transition from weathered shale/clay to 
harder moderately weathered BIF and Chert. Yields then increased sharply at 100 m to 7 L/s in a fracture 
zone with large blocky chips with heavy staining and minor dissolution vuggs. Yields stabilised at 10 L/s 
towards the base of the fracture zone at 120 m and remained consistent through to 140 m. This low flow 
section (120–140 m) was predominantly slightly weathered hard, non-fractured BIF and Chert. The 
formation then became more fractured between 144 to 156 m with large blocky chips and yield increasing 
to 18 L/s and remaining between 18–20 L/s to EOH. Extensive drillers foam was used to clear cuttings 
from this section during the final ream (Plate 5). 

HMN0005 FWS was observed at 88 m with less than 0.1 L/s with a dark manganese rich shale layer intercepted from 
90–102 m yielding 1 L/s. Airlift yields increased to 4–5 L/s between 114–126 m in hard, fresh magnetic 
chert rich BIF. Between 135 and 170 m yield increased to 8 L/s associated with goethite mineralisation, 
larger chips and limonite staining. A small fracture zone with larger chunky chert chips and a slight 
increase in yield was observed at 156–158 m. 

HMN0009 FWS occurred at 114 m in the hard rock below the base of the Mn-rich Whaleback Shale. Yield increasing 
from less than 0.5 L/s at 114 m to 3.5 L/s by 138 m in slightly weathered goethite rich BIF, with more 
fracturing observed below 132 m (Plate 3). Airlift yield then increased to 5 L/s at 148 m to 150 m 
associated with a broken/layered zone of fresh, very hard magnetic BIF with increased fracturing at depth. 
Yields then remained consistent to EOH at 162 m.  
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Bore ID Monitoring and production bore groundwater observations 
HMN0012 FWS was encountered at 51 m with a yield of less than 0.1 L/s. Fresh, partially mineralised Cherty BIF was 

intercepted between 58 to 104 m, which was hard with slow drilling penetration. Yield increased in fracture 
zones at 74 m, 82 m and 90–94 m. Fractured chert band from 104–108 m increased yield to 12 L/s. Minor 
increases in yield (15 L/s) at 128 m and 140 m with well–developed vuggs present (Plate 4). Ground 
became very hard and non–fractured below 144 m. Possible minor fracturing was observed from 160 to 
162 m and vuggy silicious fracture infill from 166 to 168 m with no corresponding increase in yield 
observed. 

HMN0013 During drilling of the pilot hole, the FWS of <0.1 L/s was at 54 m, with yield increasing to 6 L/s at 66 m in 
broken ground. Little to no yield was observed between 70 m and 102 m in extremely broken ground due 
to loss of air to the formation, extensive foam was used to lift cuttings with poor sample return. A higher 
flow zone was intersected between 108 m and 120 m, with yields increasing to 10 L/s in broken ground 
and larger chips with dissolution vuggs. Drilling below 150 m became hard with yields increasing to 13 to 
14 L/s. This increase in yield could be due to the hard rock stabilising the airlift yield and allowing return to 
surface. 
Airlifts likely underrepresent available yields due to air loss to formation with air escaping from nearby RC 
holes and monitoring bores up to 200 m away. Final airlift yields during development of the production bore 
were estimated at up to 50 L/s. 

HMN0015 Drilled to 42 m in loose formation with large, brecciated chert cobbles >100 mm. Yield increased below 
20 m and remained relatively stable at 7 L/s to EOH, with a slight increase observed during final 
development, probably due to clearing of hole. Potentially interested a carbonate turbidite. 

HMN0016 FWS 12m, broken ground and increasing yield between 24 and 40 m(10 L/s). No yield at 42 m to 48 m due 
to hole collapsing around drill string. Base of loose material interpreted at 42 m, fine black shale with pyrite 
(Mt McRae) drilling becoming stable below 52 m with a constant yield of 15 L/s. Sump fill by 75 m with hole 
producing a steady 15 L/s with no discharge allowed due to pyritic black shale. 

HMN0017 FWS of 2 L/s at 54 m, slowly increasing to 6 L/s between 68 to 84 m in at the top of a black shale unit (Mt 
McRae). Yield remained constant to end of hole, with no observed increase in yield in the fresh dolomite 
intersected in the final 8 m of the hole. Non-pyritic black shale was encountered, no discharge occurred. 

HMN0018 FWS was noted at 53.5 m with yield increasing gradually with depth down hole from 2 L/s at 54 m to 6 L/s 
at 100 m. Minor fracturing was observed between 78 and 94 m in fresh, unmineralised magnetic BIF. 

HMN0024 Minor yield (<0.1 L/s) observed at 90m, with sporadic wet sample below 92 m. Hard, non-fractured fresh 
rock. Final airlift <0.1 L/s at 120 m. Magnetic BIF intercepted, but no asbestos observed. 

 

After drilling the pilot holes at HMN0001 and HMN0003, HMN0003 was chosen for the production bore due 
to the higher yields and the extent of broken ground at depth, which suggested higher yield potential. Yields 
in the mineralised D4 unit were around 10 L/s with the most prospective zone of permeability occurring in a 
zone of broken ground associated with the top section of the D3. Dissolution vuggs and mineral coating on 
fracture planes within the high flow zones suggest both locations intersect well developed fracture zones at 
depth. This could be due to their location on the limb of the anticline, or a cross-cutting fault zone.  

HMN0005 and HMN0009 where less prospective for developing production bores. The ground was generally 
poorly weathered, mineralised and fractured at depth. While some permeability was observed in the 
mineralised sections in HMN0005, the zones of highest yield were associated with harder, fresh cherty BIF 
units, possibly associated with extensional fractures in the limbs of the anticline in the more brittle/competent 
BIF units. Airlift yields were lower than anticipated with water levels up to 100 mbgl in HMN0009, which likely 
limited the ability for airlifting to bring water to the surface without loss to the formation. As such these 
locations might still prove to be viable dewatering targets. 

The targeted drill locations at the eastern edge of the Northern pit shell were located near the known 
Keystone Fault. Airlifts in HMN0013 during drilling (14 L/s) were significantly impacted by air loss to the 
formation, with final airlift yields from the completed production bore as high as 50 L/s. Large blocky chips in 
the D2 goethite zone where association with extensively broken ground and dissolution vuggs. HMN0012 
also intersected extensively fractured ground, with a well-developed vugg rich zone towards the end of the 
hole. While no direct evidence of a major fault zone was observed, the close proximity of the mapped 
Keystone Fault likely explains the extensive broken, unstable ground and dissolution vuggs encountered at 
this location. 

Intersected geology to the east of the railway, outside of the future Ministers North project area, has had 
significantly less resource exploration drilling and minor deviations from expected geologies were 
encountered.  
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Bores on the ridges surrounding Sanders Seep were found to be generally low yielding, with poorly 
developed fracture networks. The monitoring bores (HMN0017, HMN0018 and HMN0024) on top of the cliffs 
surrounding the Sanders Seep were drilled without issue in hard competent rock with minor yields. The lower 
yields of 6 L/s were attributed to the relatively fresh and unmineralised formation, with HMN0024 having little 
to no flow during drilling.  

Drilling at HMN0017 showed that the black shales of the Mt McRae Shale were unexpectedly truncated by 
dolomite, likely of the Wittenoom Formation at 92 metres. The Mt McRae Shale was only 24 m thick at this 
location. Dolomite which has been weathered can have karstic features and high yields. Drilling found the 
dolomite intersected in HMN0017 to be fresh rock, poorly fractured and produced poor yields.  

At the base of the Yandicoogina Creek gorge west of the project area, the Mount McRae Shale was 
modelled to be intersected between 50 and 100 m. Some uncertainty remains about the exact stratigraphic 
unit encountered in HMN0015/16, with extensive breccia and loose, broken ground encountered to 42 m. 
This unit consisted of large angular micro banded cherty BIF in a fine-grained iron rich matrix. It is also 
possibly fresh carbonate turbidite which is known to occurred on the D1/Mt McRae Shale contact in this 
area. The large cobbly, broken nature of the formation is likely due to fracturing associated with the Werriba 
Anticline hinge axis which is mapped at this location. 

Plates 3, 4 and 5 provide snapshots from the drilling programme. 

  
Plate 3: Goethite BIF from 132 m in HMN0009 Plate 4: Fresh magnetic BIF with large vuggy, 

limonite stained, siliceous chip from 
128 m in HN0012 DRAFT
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Plate 5: Final reaming of HMN0003 with extensive use of drilling foam 

2.3.1 Water levels 

Water levels in each production and monitoring bore were taken after a sufficient period had elapsed to 
ensure the water levels were fully recovered from drilling and development. Of note was HMN0024, which 
slowly recovered over the week following construction. This was not unexpected, as the yield in this bore 
was particularly low with no evidence of major fracturing observed during drilling.  

The recorded static water levels were consistently below the predicted water level across the project area as 
shown in Table 5. A round of data logger retrieval and water level dipping was also undertaken across the 
project area in November 2020, with all available water levels mapped in Figure 7.  

Water levels across the project area are relatively flat lying with no clearly discernible flow direction. Water 
levels in monitoring bores located within the Ministers North project are generally between 562.2 and 
562.6 mAHD. A slight gradient to the east is possibly present, with a slight decline of 0.6 m from the western 
edge of the northern pit shell to the bores located to the north of Sanders Seep, with bores surrounding 
Sanders Seep being general below 562.0 mAHD. This observed drop in water levels is most likely driven by 
changes in topography and the presence of the Yandicoogina Creek gorge, although the Keystone Fault is 
noted to occur in proximity to where the change in water levels occur.  

The consistent groundwater levels across the Ministers North project could be due to the majority of bores 
being installed along strike of the major bedding plane within the formation, however the recently installed 
bores within the stratigraphically deeper Mt McRae Shale units also demonstrate a similar water level. This 
suggests that fracturing along the Werriba Anticline hinge axis is also contributing to groundwater movement. 

When comparing the recent water levels in Figure 7 to the historic “pre mining” water levels shown in Figure 
4, water levels are depressed across the whole project area, with drawdown averaging 1.5 m since 2019. 
This would suggest a larger, regional water level depression. The major groundwater users in the region are 
significant mine dewatering activity in the north at the BHP Yandi and Rio Yandicoogina mine sites. For this 
abstraction to be impacting groundwater levels uniformly across the project area, there must be good 
regional hydraulic connectivity across the different formations between Ministers North and the point of 
abstraction. As noted in Section 1.2, extensive low permeability bedrock of the Weeli Wolli Formation lies to 
the north of Ministers North, which likely impedes groundwater flow. 

The Ministers North project is inferred to be close to the point of recharge so readily influenced by rainfall. As 
such, the observed declining water levels on the shorter annual time frame may be due to a lack of recharge, 
as the recharge is driven by periodic cyclone events. 
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Table 5: Final airlift yields, first water strike (FWS) depth, Static water level (SWL) and comparison 
to pre-drilling prediction in mAHD 

Bore ID Yield( L/s) FWS (mbgl) SWL (mbtoc) SWL (mAHD) Predicted 
WL (mAHD) 

Difference 
(m) 

HMN0001 20 90 72.43 562.25 563.3 -1.87 
HMN0003 25 90 72.43 562.60 563.1 -0.99 
HMN0005 8 87 75.49 562.40 562.6 -0.86 
HMN0009 5 110 103.05 561.67 563.3 -2.35 
HMN0012 15 51 49.27 562.63 563.4 -1.66 
HMN0013 50 54 47.26 562.51 562.9 -0.72 
HMN0015 6 12 7.64 562.35 563.3 -1.76 
HMN0016 15 12 7.52 562.36 563.3 -1.71 
HMN0017 6 90 46.55 562.64 563.5 -1.49 
HMN0018 6 53.5 39.21 562.28 562.9 -1.42 
HMN0024 <0.1 90 68.64 562.10 562.9 -1.50 
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Figure 7: Water level from all frontier piezo, monitoring bores and production bores in November 2020 
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2.4 Water quality 
Final field measurements of EC and pH are provided in Table 6, with downhole variation during drilling 
shown in the bore completion logs in Appendix B. Full laboratory chemistry analysis of samples taken at the 
completion of airlift development of both production bores is given in Appendix D. 

Field measurements of EC were consistently low across the site (Table 6) and was confirmed by laboratory 
samples taken at the completion of airlift development in the production bores. No analyte in the laboratory 
analysis of the development sampled from the production bores exceeded the Australian drinking water 
guidelines (NRMMC, 2011) or freshwater guidelines for slightly - moderately disturbed systems (ANZECC & 
ARMCANZ, 2000). 

The chemistry data was plotted on an Expanded Durov diagram, which is provided in Figure 8. The dominant 
anions are calcium bicarbonate (Ca(HCO3)2) and cations are indiscriminate which indicates recharging 
waters. The total dissolved solids within the water are relatively low and the pH is slightly alkaline. The 
elevated bicarbonate is likely derived from silicate weathering products (clay minerals) as the groundwater 
signature has not been impacted by the presence of dolomite, with the ratio of calcium to magnesium 
strongly favouring calcium. The groundwaters physicochemical signature suggests that the aquifer at the 
Ministers North project is near source and primarily influenced by direct recharge to the local aquifer from 
rainfall.  

The presence of the Mt McRae Shale presents possible future acidification risk to the aquifer. The only 
known carbonate rich rocks present in the project area are carbonate turbidites, while dolomite of the 
Paraburdoo Member was intersected in HMN0017 to the east and likely extend under the Mt McRae Shale 
which outcrops at the centre of the Werriba Anticline axis in the centre of the project area. The presence of 
carbonate turbidite material in the east of the project area could provide a source of acid neutralising 
potential (ANP) due to its carbonate rich geochemistry (Ross, 2019). The high pH of the ground water should 
provide some buffering capacity against the acidification potential from the presence of Pyrite observed 
within the Mt McRae Shale. 

Table 6: Field chemistry taken during the drilling programme 

Bore ID EC (µs/cm) pH Temp ( °C) 
HMN0001 592 8.27 27 
HMN0003 605 8.18 28.7 
HMN0005 503 8.14 26.2 
HMN0009 543 8.53 24.2 
HMN0012 610 8.63 29.9 
HMN0013 610 8.54 29 
HMN0015 530 8.2 26 
HMN0016 536 8.29 26.1 
HMN0017 530 8.2 26 
HMN0018 560 8.14 28.5 
HMN0024 600 8.54 30.5 
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Figure 8: Expanded Durov diagram showing the water quality and water type of both production bores 

2.5 Ground conditions  
Most of the drilling programme was straight forward with the chosen conventional hammer drilling technique 
capable of dealing with ground conditions. A summary of the ground conditions in individual bores 
encountered during drilling is given in Table 7. 

Loose formation was encountered at depth in both production bore locations (HMN0003 and HMN0013). 
Welldrill was able to overcome this by using high air volume, drilling foam and conditioning the hole during 
drilling. Welldrill also drilled up to 8 m below the target install depth to allow fallback to accumulate to the 
bottom of the hole and not interfere with casing installation.  

Fallback was observed in both HMN0001 and HMN0003 locations in the north-west corner of the proposed 
pit shell. The zones of fallback corresponded to weathered formation overlying harder, broken ground. 
Sediment load within the discharge water was high during drilling as the unstable sections of the hole 
continued to collapse. HMN0003 was chosen for the production bore partially due to extensive broken 
ground. Hole instability below 148 m required the extensive use of foam to clear cuttings from the hole and 
the final ream was deepened 8 m below target depth to allow fallback to not impede casing installation. 

During the drilling of the pilot hole for HMN0013, extensive broken ground was encountered with air loss to 
formation with little to no sample return between 84 and 92 m. This was attributed to a fracture zone on the 
contact of the D3 and D2 units and resulted in air loss to the formation with air observed coming out of 
multiple old RC holes within 100 m of the bore. This portion of the hole experience fall back with the drillers 
requiring the use of large quantities of drilling foam to achieve some sample return. Reaming of HMN0013 
was terminated short of the target depth due to discharge management concerns, with the large volumes of 
water produced during drilling having to be contained as to not impact access along the rail access track to 
the east. The bore casing of HMN0013 was installed short of initial target but was seen to have achieved the 
technical objective. Controlling loose formation did lead to more total water produced as total drilling time 
was longer, but ultimately the decision to install short of the target depth was due to discharge management.  

The nearby monitoring bore HMN0012 also intercepted broken ground with extensive vuggs and fracturing. 
As this was the first drilled target on this pad, it remained open during the drilling and construction of 
HMN0013, a period of approximately three weeks. During this time, the hole remained open to depth and the 
monitoring casing was installed without the need to redrill fall back from the hole.  
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3 CONCLUSIONS AND RECOMMENDATIONS 
This report summarises the drilling and construction of two production bores and nine monitoring bores at 
the Ministers North project. The installed production bores are considered capable of supplying sufficient 
water for both crushing and dust suppression during mining, however test pumping was not undertaken. 

The area to the east of the northern pit shell at production bore HMN0013 had the highest airlift yield (up to 
50 L/s) and showed signs of major faulting and or fracturing, possibly due to the proximity to the Keystone 
Fault. Yields were also high on the north-west of the Northern pit shell, with HMN0003P yielding more than 
20 L/s. 

A further four monitoring bores were installed for groundwater exploration and to augment the monitoring 
bore network. The main observation was that ground conditions on the northern edge of the northern pit shell 
become less prospective for dewatering towards the centre of the pit area, with airlift yields dropping from 
8 L/s in HMN0005 to 5 L/s in HMN0009. 

Additionally, five monitoring bores were installed to augment the environmental monitoring network around 
the environmentally sensitive Sanders Seep. Yields were generally relatively low (0.1–6 L/s) and geology 
was as expected. The exception was the occurrence of dolomite in HMN0017, and elevated yields (15 L/s) in 
the McRae Shale interested at the base of the Yandicoogina Creek gorge, west of Sanders Seep. 
Hydrogeological observations suggest the enhanced permeability is associated with fracturing along the 
regional Werriba Anticline hinge axis. 

Some unstable ground conditions were encountered during drilling. These where able to be overcome with 
conventional hammer, however one production bore was unable to be installed to depth, partially due to 
ground conditions and partially due to restrictions with managing discharge. If future bore locations are 
expected to encounter unstable ground and high yields, drilling and construction may benefit from the 
utilisation of the dual rotary drilling technique to better control ground conditions.  

Difficulty was encountered by the earthworks contractors building sumps in rocky ground on steep terrain to 
accommodate the high yields. This led to some uncontrolled discharge due to inadequate sump construction. 
The bores positioned on the top of the ridges were primarily where this issue was encountered. Low 
permeable material could be moved from elsewhere on the project area to line sumps to limit seepage. Bore 
placement should also consider sump and pad construction to ensure that the sump can be on the downhill 
side of the pad to enable drainage away from the drill site if discharge from the sump is required.  

Steep terrain was identified early in the drilling programme, with access tracks causing some issues that 
were able to be rectified by earthwork contractors as they were still in the area. Due to Minister North’s 
relative remoteness from other BHP mining activity, it is recommended to ensure the drillers have seen all 
the access tracks, pads and sumps before de-mobilised earthmoving equipment from site.  

As drainage patterns on site are variable, it is recommended to assess discharge pathways at likely high 
yielding bore locations to ensure no infrastructure or environmentally sensitive areas are impacted. Clear 
and explicit maps with information on expected discharge management requirements are required for field 
personal to plan for and effectively manage discharge. This should include maps of potential wetting front 
distances and location of impacted infrastructure/environmental areas which need to be monitored during 
discharge to ensure they are not impacted.  

No controlled aquifer testing was undertaken during this programme due to discharge management and 
BHP’s concern with the observed depressed groundwater table. This will be remedied in future work 
packages to understand how drawdown propagates across the site. Of particular interest is whether the 
Keystone Fault is a pathway for preferential drawdown. Also, of interest is if the potential for the lower 
permeable shale formations between the two proposed mine shells to limit drawdown in a north–south 
orientation, and whether drawdown is controlled by the east–west bedding orientation within the Dales Gorge 
formation.  

The conceptual hydrogeological model will benefit from further investigation at the centre of the Werriba 
Anticline axis. The Mt McRae shale is generally considered to be poorly permeable, and low yielding. Drilling 
of HMN0016 to the east of the proposed mine area showed that the Mt McRae Shale was highly fractured 
with relatively high yields. How the centre of the anticline is likely to respond to future dewatering is an 
important aspect to inform the conceptual hydrogeological model. 

The possibility of broad scale drawdown emanating from mine dewatering to the north is considered. During 
this drilling campaign, it was observed that water levels were relatively flat across the project area and 
depressed from historic levels. This was of concern to BHP, as the current hydrodynamic model of Sanders 
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Seep is that it is in hydraulic connection with the groundwater. Groundwater seeps within the Pilbara often 
form in deep gorges where water can collect in ponds that are partially protected from evaporation by the 
gorge walls. Seepage water is often sourced from localised recharge infiltrating into weathered, permeable 
material higher in the topography. Water flows through the permeable units along the contact with less 
permeable units, seeping out where erosion has cut through the formation. It is unknown if this occurs at 
Sanders seep, and the exact hydrogeological mechanism for water occurrence should be investigated. 
Lawton and Sanders (2019) noted that the pools commenced at 562.9 mRL in 2019, with multiply dry pools 
higher up the valley. As this elevation is below the current ground water level, the seepage zone is likely 
currently occurring further down the valley than previously recorded. If the seepage is sourced from 
groundwater; the seepage front would have historically moved up and down the valley floor depending on 
fluctuations in the naturally occurring groundwater level.  

The Ministers North project is near the origin of groundwater recharge to the local aquifer and down gradient 
hydraulically connected aquifers could be impacted by abstraction and/or dewatering at the project. The 
observed declining “pre-mining” water levels appear to be widespread and are considered to reflect the 
regional impact of reducing water in storage between cyclonic events. Ongoing monitoring of the recharge 
impact from rainfall should be undertaken to establish the relationship between groundwater levels and 
recharge induced change in storage within the aquifer.  

Groundwater levels at the base of the Yandicoogina gorge have likely declined over the last two years during 
the dry season. The exact elevation of the Sanders Seep ponds is currently unknown and should be 
considered in relation to the varying water levels within the regional aquifer. The hydraulically connection 
between Sanders Seep and the regional aquifer should be investigated as groundwater level may currently 
be below the elevation of Sanders Seep. There is potential for the ponds to be fed by seepage from a local 
perched aquifer and or seepage from locally sourced discharge at the base of the gorge walls. 
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APPENDIX A: Bore construction details 
Pad ID Hole name Easting 

(mAHD) 
Northing 
(mAHD) 

Surface RL 
(mAHD) 

Top of 
casing 
(mAHD) 

Days to 
complete 

Planned 
depth (m) 

Total drilled 
depth (mbgl) 

Slotted 
interval 
(mbgl) 

Screened 
stratigraphy 

Interpreted 
inflow 
stratigraphy 

Final airlift 
yield (L/s) 

Electrical 
conductivity 
(µs/cm) 

pH Temperature 
(ºC) 

SWL 
(mbtoc) 

FY20_MN_PAD001 HMN0001 714803.1 7475608.5 633.862 634.676 3 170 170 59.5-149.5 W, D4 D4 20 592 8.27 27 72.43 
FY20_MN_PAD003 HMN0003 714754.1 7475599.2 634.543 635.027 15 170 178 110-170 D4, D3 D4, D3 25 605 7.86 28.7 72.66 
FY20_MN_PAD005 HMN0005 715176.3 7475575.0 637.227 637.894 4 170 170 60-150 D, D4,D3 D4, D3 8 503 8.14 26.2 75.49 
FY20_MN_PAD009 HMN0009 716065.7 7475422.3 664.001 664.716 4 170 162 115-157 D4, D3 D4, D3 5 543 8.53 24.2 103.05 
FY20_MN_PAD015 HMN0012 718601.4 7474743.5 611.014 611.897 4 170 170 60-150 D4, D3,D2 D4, D3,D2 15 610 8.63 29.9 49.27 
FY20_MN_PAD016 HMN0013 718593.3 7474701.8 609.445 609.766 16 170 170 92-140 D3, D2 D3, D2, D1 50 610 8.18 29 47.15 
FY20_MN_PAD018 HMN0015 719338.2 7473589.3 569.176 569.986 1 50 42 10-40 T/D1 T/D1 6 530 8.2 26 7.64 
FY20_MN_PAD018 HMN0016 719341.07 7473597.1 569.109 569.884 2 80 75 56-74 RN T, RN 15 536 8.29 26.1 7.52 
FY20_MN_PAD019 HMN0017 719773.2 7473529.0 608.526 609.192 3 100 100 40-100 D1, RU, OB D1, RU 6 530 8.2 26 46.55 
FY20_MN_PAD020 HMN0018 720058.5 7473667.6 600.690 601.486 3 100 100 40-100 D4, D3, D2 D4, D3 6 560 8.14 28.5 39.21 
FY20_MN_PAD025 HMN0024 720691.0 7474410.0 630.045 630.743 3 120 120 60-120 J5 N/A <0.1 600 8.54 30.5 68.64 
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Part 4: Construction details  (All measurements are to be taken from ground level )  
Please complete well construction diagram in box provided                
below. If insufficient room please attach on separate piece        
of paper. 
 

 
Screens/slots 

Screens/slot 
(type) 

Diameter 
O.D (mm) 

Aperture 
(mm) 

Top of 
screen 

(m) 

Bottom 
of 

screen 
(m) 

     

     

     

 
 
 
 
 

                                           Annular fill 

    Material type From (m) To (m) 

   
   
   

 
Cementing  detail   

 Pressure cement grouted    Tremmie 
Casing diameter   

(mm O.D) 
Depth  

From (m) To (m) 
   

   

   

 

Total depth drilled  
(from ground level) 

 
 

Geophysical log required 
as condition of licence?   Yes      No 

Geophysical log taken? 
(attach log and contractor 

details) 
 Yes      No 

Production casing detail 

Material 
Nominal 
bore 
 

Diameter 
O.D 

(mm) 
 

Wall 
thickness 

(mm) 
 

Depth 

From 
(m) To (m) 

      

      

      

Gravel pack details 

Gravel size (mm) 
From (m) To (m) 

  

From (m) To (m) Strata description (If insufficient room attach on separate page) 
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Part 5: Particulars of well                     
 

Well name / number  

  Drilling start  
  

 Drilling completion  
  

 
   

  Drilling method used  
 Rotary air        Cable tool        Auger       Rotary mud        

 Sludge            Other (specify) __________________________ 
  

Final status of well 
 Ready to operate        Decommissioned 

 Other (specify) _______________________________________ 

  
Purpose (use) of well 

 Production                 Investigation      Monitoring      

 Other (specify) _______________________________________ 
Part 6:  Well development   

Date (dd/mm/yy)   

 

Duration of 
development hours 

Method          Airlift                  Pump              Jetting                Surging 
     Development pump rate 

(e.g. L/s, m3/day) 
 
 
 
 
 
 
 

Part 7:  Pump testing (If applicable) 
Date start 
(dd/mm/yy) 

 
 

 Date end 
(dd/mm/yy) 

 
 

  Duration of test 
 

                hours 

  Step test              Constant rate               Other 
 

        
  

 

 

Constant rate - 
pump rate (e.g. 

m3/day) 

 
 

 
Pump type (e.g submersible)  

 

   Water rest level 
prior to test (m) 

 
 

 Measurements taken from   top of casing (TOC)      ground level (GL) 

                                                other (specify) ______________________________________________ 
  

Elevation of measurement 
reference point if known 
(metres AHD) 

 

 GPS      Estimate 

 other (specify) ____________________________________ 

 
Final drawdown  m 

 

Recommended supply (e.g. m3/day) 
 

 

 
 

Comments…………………………………………………………………………………………………………………………………………………….. 

Part 8: Field samples 
 

 
Comments………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………………… 
Part 9: Lab samples 

Collection method (e.g. pump test, 
airlift) 

 

    Conductivity 
(e.g. mS/m)  

  

         Temperature compensated                              pH 
 Temperature uncompensated 

 

 
 

 
 Water temperature 

 at test 
 
 

 
 
 

 

 
 

Lab samples 
taken  

(Please attach) 

 Yes 

 No 
 

      TDS (e.g. mg/l)  Please submit samples separately to form if not  
received before the 1 month submission deadline. 

Drilling start date refers 
to the date drilling 
begins. Do not include 
set up date. 
 
Drilling completion date 
includes well 
development and 
testing. 

Specify unit 
measurements.  

Final drawdown is the 
distance between the 
static water level 
measured prior to the test 
and the water level 
measured at the end of 
the pumping test. 
 DRAFT
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Part 4: Construction details  (All measurements are to be taken from ground level )  
Please complete well construction diagram in box provided                
below. If insufficient room please attach on separate piece        
of paper. 
 

 
Screens/slots 

Screens/slot 
(type) 

Diameter 
O.D (mm) 

Aperture 
(mm) 

Top of 
screen 

(m) 

Bottom 
of 

screen 
(m) 

     

     

     

 
 
 
 
 

                                           Annular fill 

    Material type From (m) To (m) 

   
   
   

 
Cementing  detail   

 Pressure cement grouted    Tremmie 
Casing diameter   

(mm O.D) 
Depth  

From (m) To (m) 
   

   

   

 

Total depth drilled  
(from ground level) 

 
 

Geophysical log required 
as condition of licence?   Yes      No 

Geophysical log taken? 
(attach log and contractor 

details) 
 Yes      No 

Production casing detail 

Material 
Nominal 
bore 
 

Diameter 
O.D 

(mm) 
 

Wall 
thickness 

(mm) 
 

Depth 

From 
(m) To (m) 

      

      

      

Gravel pack details 

Gravel size (mm) 
From (m) To (m) 

  

From (m) To (m) Strata description (If insufficient room attach on separate page) 
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Part 5: Particulars of well                     
 

Well name / number  

  Drilling start  
  

 Drilling completion  
  

 
   

  Drilling method used  
 Rotary air        Cable tool        Auger       Rotary mud        

 Sludge            Other (specify) __________________________ 
  

Final status of well 
 Ready to operate        Decommissioned 

 Other (specify) _______________________________________ 

  
Purpose (use) of well 

 Production                 Investigation      Monitoring      

 Other (specify) _______________________________________ 
Part 6:  Well development   

Date (dd/mm/yy)   

 

Duration of 
development hours 

Method          Airlift                  Pump              Jetting                Surging 
     Development pump rate 

(e.g. L/s, m3/day) 
 
 
 
 
 
 
 

Part 7:  Pump testing (If applicable) 
Date start 
(dd/mm/yy) 

 
 

 Date end 
(dd/mm/yy) 

 
 

  Duration of test 
 

                hours 

  Step test              Constant rate               Other 
 

        
  

 

 

Constant rate - 
pump rate (e.g. 

m3/day) 

 
 

 
Pump type (e.g submersible)  

 

   Water rest level 
prior to test (m) 

 
 

 Measurements taken from   top of casing (TOC)      ground level (GL) 

                                                other (specify) ______________________________________________ 
  

Elevation of measurement 
reference point if known 
(metres AHD) 

 

 GPS      Estimate 

 other (specify) ____________________________________ 

 
Final drawdown  m 

 

Recommended supply (e.g. m3/day) 
 

 

 
 

Comments…………………………………………………………………………………………………………………………………………………….. 

Part 8: Field samples 
 

 
Comments………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………………… 
Part 9: Lab samples 

Collection method (e.g. pump test, 
airlift) 

 

    Conductivity 
(e.g. mS/m)  

  

         Temperature compensated                              pH 
 Temperature uncompensated 

 

 
 

 
 Water temperature 

 at test 
 
 

 
 
 

 

 
 

Lab samples 
taken  

(Please attach) 

 Yes 

 No 
 

      TDS (e.g. mg/l)  Please submit samples separately to form if not  
received before the 1 month submission deadline. 

Drilling start date refers 
to the date drilling 
begins. Do not include 
set up date. 
 
Drilling completion date 
includes well 
development and 
testing. 

Specify unit 
measurements.  

Final drawdown is the 
distance between the 
static water level 
measured prior to the test 
and the water level 
measured at the end of 
the pumping test. 
 DRAFT
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