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Memorandum 

 

TO: A/Director Regional Delivery and Regulation  

FROM: Regional Manager, Kimberley  

CC: Iqbal Samnakay; Gary Humphreys; Yvonne Thompson; Adrian Parker, Rob 
Cossart 

DATE: 28 February 2014 

RE: Explanatory notes for statutory referral Buru Energy Ltd - Laurel Formation 
Tight Gas Pilot Exploration Program  

FILE NO: RF11505  

 
 

  
Issue 
 
The Kimberley region has assessed and drafted a response to Department of Mines 
and Petroleum (DMP) for the first unconventional gas exploration proposal that the 
Department of Water (the department) has received.  Some issues have arisen as 
part of the assessment, which the region wishes to highlight to the Director 
responsible for signing off on this advice. 
 
The issues include: 
 

 Separation distances between fracture zones and aquifers 

 Monitoring of groundwater 
 
 
Background 
 
Buru Energy Ltd (Buru) has lodged an application with DMP to undertake hydraulic 
fracturing for tight gas exploration in the Laurel Formation (Fitzroy Trough, east of 
Broome).  DMP have referred the application (Environment Plan) to the department 
for advice and comment.  The EPA have previously requested advice on specific  
aspects of this proposal to the department and a response was provided on the 27th 
December 2013 (WRD230149 and attached).  The EPA determined not to formally 
assess this proposal, but this decision is presently subject to 81 appeals and a 
decision by the MInister. 
 
The DoW in its advice to the EPA advised the exploration program carried little risk to 
water resources, based on the management measures in place and distances 
between expected fracture zones and the nearest aquifer. The DoW also advised 
that the proposed monitoring program was adequate in the broad way it was 
explained, but that more information was needed on this.  
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The department is currently developing policies to guide assessment and advice 
provision to the regulatory agencies including the OEPA, DMP and DER.  The 
department is also developing an internal referral process for petroleum activities to 
ensure that the appropriate internal policy and expert advice is incorporated into 
outgoing advice.  Both of these documents are still in draft and there is some overlap 
across them (in regard to assessment process and content). 
 
Currently the department has an internal working group for unconventional gas, led 
by Mike Balfe to coordinate activity and expertise within the department, and liaise 
with DMP and other agencies.   
 
The region has adhered to the draft internal referral process including coordination of 
internal policy and expert advice, however has faced challenges as there has been 
some changes in advice on matters such as buffer zones and monitoring since the 
previous advice to the EPA. The Region has attempted to provide advice that 
provides consistency with the earlier advice to the EPA, uses site specific 
hydrogeology advice while considering more recent evolving policy and practice. 
 
 

1) Vertical separation distances between hydraulic fracture zones and usable 
aquifers 
 
 
The regional hydrogeologist assessed the proposal and deemed the proposed 
separation distances of between 600m and 1.5km as posing a very low risk  to 
the nearest aquifers and suitable for this exploration program.  This advice 
formed the basis of the DoW’s previous advice to the EPA. More detailed 
advice was provided recently and is attached. 
 
The DoW has a policy in preparation that recommends vertical buffer 
distances of 1km, and this has been suggested by policy for the referral from 
the DMP. The use of this policy, if implemented, would require the amendment 
of the proposed fraccing at two of the four proposed fraccing sites.  
 
The region has met with Buru and they have indicated there will be real time 
monitoring of the fraccing process, where information will be readily available 
on the extent of the fracs  during the operation, and this will be reported to 
DMP as well as being available online. They have also advised that they are 
preparing further work on the estimates of the fraccing distances expected, but 
that they still expect to retain at least 600m of hard rock between the highest 
level of the fraccing and the lowest level of the Grant aquifer. 
 
In light of the above, it is proposed the DoW advise DMP that 
a) It notes the proposed vertical buffer zones being proposed between the 

fraccing zones and nearest aquifer, and supports in principle the use of the 
vertical buffer zones as proposed by Buru to protect the potential values of 
the Grant aquifer. However, the specific size of this buffer zone (called a 
Respect zone by Buru) should be determined after finalisation and 
consideration of work being presently completed on the hydraulic fracture 
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distances expected from the hydraulic fracs, and how this information can 
be reported. 

b) That the exploration program contain real time reporting of fraccing impacts 
so that DMP is able to confirm that the vertical buffer zones as agreed are 
unaffected by any hydraulic fraccing, as predicted by Buru. 

c) That the fraccing operation be undertaken so that the deepest target zones 
are fracced first, allowing monitoring results to be used to refine, if need be, 
the shallower fraccing zones. If the fraccing monitoring shows greater 
fracturing than predicted the shallower fraccing target zones may need to 
be amended or removed. 

d) That the lessons learnt from the exploration program be used to determine 
appropriate vertical buffer zones for the production phase of the proposal, 
in agreement between DoW and DMP.  

 
 
This advice varies from the draft policy but does so based on hydrogeological 
advice that takes into account the scale of the present exploration operation, 
the nature of the geology, the type and intensity of the hydraulic fracturing, 
and the management measures that are being put in place to maintain an 
appropriate buffer. This can be reviewed for the production stage of the 
proposal, based on lessons learnt with this early exploration phase. Lessons 
learnt can be used to assist in the development of our policies. 
 

2) Monitoring of water resources 
 

The DoW has previously advised the proposed monitoring is adequate (based 
on earlier limited information), but the level of information has increased and 
there is scope to provide specific comments about requirements for 
monitoring. 
 
Monitoring of the deep Grant aquifer is not proposed by Buru, but has been 
suggested as a means of confirming no impacts are taking place on the 
aquifer.  
 
Any monitoring of the Grant aquifer would be problematic, given its depth and 
presently unknown characteristics. The determination of sites, depths and 
parameters all pose real challenges with uncertain benefits. 
 
In light of the management measures in place to ensure fraccing does not 
impact on the Grant and other aquifers and the fact these can be used in real 
time as an immediate measurement method to confirm and limit the impacts of 
the hydraulic fraccing, and given the challenges in agreeing on any monitoring 
program for the Grant, it is proposed the DoW does not require such 
monitoring at this stage. The risk to the resource is very low and is not felt to 
reasonably justify such a condition. 
 
In the DoW advice it is indicated a monitoring program for the Grant aquifer 
could be included as a requirement of a production phase of operation. 
 



 

TP-3633A.DOCX Page 4 of 6 

 

 
Action 
 
That you endorse the attached letter of advice from DoW to DMP. 
 
ATTACHMENT: Regional Hydrogeologist advice supporting the advice around 
vertical separation and monitoring. 
 
Previous advice to the EPA  
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Regional Hydrogeological advice – Buru Laurel Formation 
 
Grant Aquifer: Based on available geophysical logging data (not actual water 
samples) the Grant aquifer water quality is potable in the Valhalla-Paradise-Asgard 
area, but is saline (over 10,000mg/L based on interpreted geophysics). Thus DoW 
should focus on taking greater protective measures at the Asgard and Valhalla sites, 
as the better quality water here would be suitable for a greater range of beneficial 
uses (possibly including horticultural or community water supply. Important note: App 
G – Geological Environment Peer Review – only covers the shallow geology at 
environmental risk, not the deeper aquifers such as Grant Group. 
 
Sealing Layers: the natural geological seal within the Anderson Formation is 
obviously very low in upward hydraulic conductivity, as the target sites have been 
shown to have potentially-economic gas resources constrained below the Anderson 
Fmn. There is a small amount of natural seepage, possibly by very slow hydraulic 
transfer upwards through the Anderson Fmn or through seepage along faults. The 
quality of the sealing layers should be assessed by DMP, as Buru claims (pgs 39 and 
41) that the available seismic data show that the work program is not likely to induce 
any upward migration of hydrocarbons into the Grant Group – See also App H. App 
H looks to be a sound and sensible argument that the risk to any aquifer is extremely 
minor, but DoW is not resourced or skilled to make critical assessment of complex 
seismic data. 
 
Vertical separation from aquifers: The current literature indicates that the 
maximum “likely” vertical propagation distance of induced fractures is about 600m. 
This assumes that there is no plastic geological formations to absorb the fracture 
energy, which is not the case here as the shales within the Anderson Fmn are 
probably sufficiently plastic. I suggest that for the current assessment we should 
consider the 600m separation as suitable protection for the Grant, based on the 
following: 

 The TGS14 program is only fraccing vertical bores, so there would be 
no reinforcement of vertical fractures. This is different from production 
gasfields where a network of horizontal wells is used with multiple 
fraccing sources to maximise vertical fractures through the complete 
vertical thickness of the gas target zone 

 The TGS14 program is only short-term testing of the frac zones, so only 
a few days of injection at each wellsite – we may have a different view 
of a production gasfield proposal should any of these test fracs indicate 
economic potential. 

 The results of the TGS14 program, including the micro-seismic data, 
will help inform the DoW position on any future proposals in the 
Canning Basin 

 
Horizontal separations: TGS14 is a program using fracs in vertical wells only, and 
for short periods, so I expect that the extent of fracture propagation is not likely to be 
the maximum possible in these formations. According to info provided by Buru (and 
the consultants in then appendices) any nearby faults are hydraulically closed, and 
are not expected to open up as a result of this program. As with discussions above, 
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the technical specialists within Government who can assess these claims (and the 
3D seismic interpretations) are within DMP, and DoW does not have any specialist 
skills in this area. 
 
Monitoring the Grant aquifer: If DoW recommends monitoring of the Grant aquifer, 
then the target sampling depth should be the bottom of the Grant, in order to identify 
any new seepage quickly, either by an increased rate of hydrocarbon migration or by 
the appearance of fraccing chemicals in the Grant groundwater. However, selecting a 
location of any monitoring bores would be problematic, as they would be most 
meaningful above known existing faults (mostly not close to the frac bores and 
reported to be hydraulically closed) or induced fractures (and we cannot predict 
where these may occur or whether they will reach up to the Grant). I am not certain 
that any Grant monitoring bores could be drilled in time to be ready for the TGS14 
site program – these bores would require specialist drilling rigs and also large loads 
of materials like casing and drilling muds. 
 
 
 



Government of Western Australia 
Department of Water 

Ms Kim Anderson 
AlDirector Operations Environment Division 
Department of Mines and Petroleum 
Mineral House 100 Plain Street 
EAST PERTH WA 6004 

Attention: Brad Jakowyna 

Dear Ms Anderson 

looking aflar 8/1 our water needs 

Your ref: EARS-EP-54145 

Our ref: RF11505; SRS35594 

Enquiries: Chris Gunby 91664101 

RE: REQUEST FOR ADVICE - LAUREL FORMA TlON TIGHT GAS PILOT 
EXPLORATION PROGRAM ENVIRONMENT PLAN (HSE-PLN-017 REV 0) - BURU 
ENERGY LIMITED 

Thank you for the referral , received in our office on 21 January 2014, requesting advice on 
the above proposal. 

The Department of Water (DoW) has reviewed Buru Energy Limited's (Buru) Laurel 
Formation Tight Gas Pilot Exploration Program Environment Plan. The following advice is 
presented on key issues that have the potential to impact water resources. 

Petroleum well construction and integrity 

The methods proposed by the proponent are stated to be in accordance with industry best 
practice. It is recommended that approval of the proposal be subject to appropriate 
conditions applicable to the following matters; 

• Well design and construction should ensure that all aquifers (including the Grant) 
are protected; not only potable aquifers. 

• Construction of wells with appropriate barriers and materials that will withstand 
pressure and corrosion during hydraulic fracturing operations and over the long 
term. 

• Adequate capping of wells to prevent contamination via the surface. 
• Decommissioning of wells in accordance with legislative requirements and relevant 

standards. 
• Accountability for any contamination of aquifers, water supplies or the 

environment. 
• Appropriate drilling certification. 

Surface activities 

Groundwater 

The local unconfined aquifer is used for non-intensive stock watering and irrigated 
. agriculture. Surface activities associated with the exploration program (water storage 
ponds, chemical use and storage) have the potential to impact the quality of groundwater 

168 St Georges Terrace Perth Western Australia 6000 
PO Box K822 Perth Western Australia 6842 

Telephone (08) 6364 7600 Facsimile (08) 6364 7601 
www.water.wa.gov.au 
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within the unconfined aquifers and best practice management and monitoring should be 
undertaken to reduce contamination risks. 

Buru have undertaken baseline monitoring , of the superficial aquifer in this area and the 
DoW notes that a monitoring program is proposed using existing bores and newly 
constructed nests of monitoring bores within the Broome Sandstone and Liveringa 
Formation. Buru proposes sampling of these bores once every 6 weeks. 

The DoW recommends monitoring frequencies are changed from once every 6 weeks to 
once a week for 6 consecutive weeks after exploration has commenced. If no changes to 
water quality are detected after 6 weeks, the monitoring can revert to once every 6 weeks 
as proposed . It is unclear how long Buru will continue monitoring for post exploration, this 
should be clarified. 

The DoW also recommends at least one nest of bores be installed up-gradient and down
gradient from each potentially contaminating facility or piece of infrastructure (water 
storage facilities and the well) to allow quicker and more accurate determination of 
contamination source if water samples detect contamination. The DoW would like to be 
consulted on the final bore locations, frequency and time frames when submitted to DMP. 

Surface water 

The DoW considers there is adequate separation between the proposed activity sites and 
adjacent surface water features to minimize risks to water quality, provided best 
management practice of storage, use and transport of chemicals and disposal of 
contaminated waste is employed by the proponent. 

Whilst the DoW acknowledges that conducting the exploration program through the dry 
season will minimize risks due to storm water runoff or flooding, the DoW recommends 
that Buru develop a contingency plan to manage unexpected dry-season rain events 
sufficient to cause runoff and any localized flooding . 

Overtopping of water storage facilities poses an ongoing risk of surface water 
contamination and infrastructure should be designed to handle 1 in 100yr ARI events, 
particularly if Buru is not proposing to have these facilities decommissioned and 
remediated immediately following exploration program or prior to onset of the wet season. 

Hydraulic Fracturing 

Groundwater 

Water. quality in the deeper confined Grant aquifer is fresh to brackish in the area of the 
proposal and with some treatment has the potential to be a usable groundwater resource. 
Where the Grant is shallow at its margins, it is a very productive fresh water aquifer. Buru 
should ensure that the Grant aquifer water resource is adequately protected. 

The target geological formation for hydrocarbons and hydraulic fracturing is the Laurel 
Formation. The proposed stated separation between the fracture zones and the base of 
the Grant aquifer (potential useable water resource - confined aquifer in project area) is 
approximately; 

• 544m at the Asgard 1 site, 
• 740m at the Vahalla North 1 site, and 
• Over 1.5 km at both the Yulleroo sites. 





In addition, the Anderson Shale which is stated to be a seal, is approximately 75m thick at 
Valhalla North 1, 180m thick at Asgard 1 and over 100m thick at the Yulleroo sites (based 
on stratigraphy provided by Buru). 

Fractures should not be allowed to penetrate and potentially contaminate aquifers. DoW 
believes that the risk of this occurring can be minimised through adoption of an 
appropriate buffer over and above the maximum likely vertical propagation of fractures. 
The presence of low permeability rocks and seals between fracture zones and aquifers 
also reduces the risk of aquifer contamination . Lateral propagation into existing wells , 
faults or fractures should also be avoided. 

Buru have advised that they are undertaking further work to assess the hydraulic fracture 
impacts specific to the TGS14 program area. To assist in providing advice to the DMP on 
the adequacy of the separation distances at each well site to protect water resources, the 
DoW requests that this work be referred when completed. 

DoW understands that real-time micro-seismic monitoring of fracture propagation will be 
undertaken to confirm that fractures do not extend beyond the target zone or connect with 
existing faults . DoW encourages this level of monitoring to ensure that the Grant aquifer 
is protected. The determination of minimum vertical separation distances can be further 
refined based on monitoring results of initial fracture extents. To this end , DoW 
recommends the deepest target zones (furthest from the aquifers- Y3-1 , Y4-1 , VN1-1 and 
AS 1-1) are hydraulically fractured first so the results, including the micro-seismic data, can 
be used to determine if the vertical separation distances between the top of fracture zone 
(shallowest target zones) are adequate to protect the Grant Aquifer. If monitoring shows 
greater fracture distances than predicted, the shallower target zones may need to be 
amended or removed accordingly. 

There is insufficient information provided to determine if there is adequate lateral 
separation between existing faults, fractures or wells and proposed fracture zones. There 
is reported to be an existing fault within the hydraulic fracture zone, which as prudent 
precautionary measure, should be avoided. Buru states that these faults are hydraulically 
closed and are not expected to open up as a result of this program. This should be 
validated by the proponent. The DoW considers that DMP has the most appropriate 
technical expertise to assess these claims. 

Appropriate separation distances will need to be determined for any further hydraulic 
fracturing , based on the results of the current program. 

Ground water monitoring of Grant Aquifer 

In light of the management measures in place to ensure that hydraulic fracturing does not 
impact on the Grant and other aquifers (i.e. real-time fracture monitoring and related 
contingency plans) and provided our recommendations on fracturing the deepest target 
zones first are adhered to, the DoW is not recommending a specific monitoring program 
for the Grant aquifer as a condition at this stage. 

However, the DoW would like to discuss further with the DMP and proponents whether an 
appropriate monitoring program for the Grant aquifer can be established that is workable 
and feasible given the scale of the operation. The DoW also advises that if the 
exploratory program leads to production with different potential for impact, monitoring of 
the Grant aquifer is likely to be recommended by the DoW and should be commenced as 
early as possible to provide baseline information. 



Protection of water quality in Public Drinking Water Source Areas 

None of the proposed exploration activities (either at surface or at depth) are within a 
Public Drinking Water Source Area, therefore the DoW considers there is minimal risk 
posed by Buru's proposed exploration program to any public drinking water supplies. 

Water use 

Water licensing 

The proposed activities are loc.ated within the Canning-Kimberley groundwater area, and 
within the Fitzroy River and Tributaries surface water area, both areas of which are 
proclaimed under the Rights in Water and Irrigation Act 1914. 

The take of water for use in Buru's exploration program (including hydraulic fracturing) is 
regulated under the RiWI Act. Buru estimates that 31 ML of water will be required for the 
proposed exploration program. Buru currently holds a number of groundwater licenses 
which cover the activities and water quantities proposed for use. 

Any future water requirements for further exploration or production should be determined 
early in the planning process and include quantities required for the life of the project to 
allow assessment of impacts on a project basis to provide better capacity to manage any 
cumulative impacts rather than well by well. 

Reinjection and management of wastewater 

The proposal describes the management of wastewater to be primarily via reinjection 
(document states amounts between 80% and 95%) with some excess waste water being 
treated in evaporation ponds and trucked offsite to the Sundown facility or other licensed 
facility if necessary and of suitable quality. 

There will be no water re-injected into a groundwater aquifer but it will be re-injected into 
the Laurel formation. Reinjection into source petroleum formation (rather than aquifer) is 
the approach preferred by the DoW provided that all measures are taken to protect 
groundwater resources, as for the initial hydraulic fracturing. The water to be re-injected 
is expected to have a TDS of 100,000mg/L. Given that the Laurel formation (being the 
target for reinjection) is between 70,000 and 122,000mg/L TDS the water salinity is 
equivalent. 

If you have any queries in relation to the above matters please contact Chris Gunby on 
(08) 91664101. 

Yours sincerely 

Carolyn Hills 
AlDirector Regions 

5 March 2014 
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Memorandum 

 

TO: Stephen Watson  

FROM: Josephine Searle  

CC:  Sandie McHugh 

DATE: 29 March 2011 

RE: Hydrogeological review of the proposed P1 boundary around the Broome 
water supply.  

FILE NO: WT7286-05  

 
 

This review compares the proposed P1 boundary for the Broome water supply with 
results from four different methods for calculating a 50 year travel time for 
groundwater, ex 
pressed as a distance up hydraulic gradient from the Broome town water supply bore 
field. The distance of the current proposed P1 boundary from the perimeter of the 
bore field is > 50 km.      
 
A 50 year travel time is an extremely conservative boundary condition when 
compared to both national and global standards. The range of distances calculated 
for a 50 year travel time through the Broome Sandstone aquifer is 370 m to 34.52 
km. These results are discussed below. 
 
As there are no standard methods within the Department to determine a 50 year 
travel time, I have used four different methods: two different equations for the 
calculated fixed radius method (CFR), which is endorsed and recommended by the 
U.S EPA; the Wyssling method, which is a well established German delineation 
approach; and a simple method based on Darcy’s law, a fundamental of 
hydrogeology which describes the flow of a fluid through a porous medium. Each of 
these four methods will be described fully in HR Report HR314. 
 
To capture the minimum and maximum potential 50 year travel time distances, 
various parameter values, within the known / reasonable range, were used in each of 
the four methodologies. Table 1 below shows the range of values determined from 
field studies and literature for hydraulic parameters in the Broome Sandstone. The 
final column of this table shows the parameter values used when comparing each of 
the four methods (Table 2). The values in this final column are considered both 
conservative and reasonable, and constitute the recommended values for 
determining the distance travelled by a particle through the aquifer after 50 years. 
 
Table 2 reports the maximum and minimum 50 year travel time distances obtained 
from each of the four methods, using varying parameter values. Table 2 also shows 
the difference between the methods when all three use the same parameter values 
(from the final column in Table 1).  
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Table 1. Range of hydraulic parameters within the Broome Sandstone. 

Parameters used  
 

Minimum Maximum For comparison 

Hydraulic 
conductivity K (m/d) 12 48 20 

Hydraulic 
gradient i 0.00033 0.001966 0.00033 

Porosity n 0.05 0.2 0.1 

Pumping rate Q m3/d) 859 2000 1500 

Saturated 
thickness b (m) 90 180 150 

 
Table 2. Comparison of distances calculated for a 50 year travel time depending on parameter 
values and delineation method. 

Protection zone 
delineation method 

Distance up hydraulic gradient (km) 

minimum maximum 

Comparison of the 
three methods 

using same 
parameter values 

Wyssling Method 0.59 34.54 1.57 

CFR Method 1 0.37 1.61 0.76 

CFR Method 2 0.59 1.61 0.76 

Darcy's law - multiple 
segments with increasing 
i closer to bore field 2.99 20.03 6.15 

 
The final column in Table 2 uses the values recommended for this study, and show a 
range in distances from 760 m to 6.15 km for a 50 year travel time using the four 
different methods. Using the most conservative of these values, 6.15 km, the existing 
up gradient P1 boundary is more than adequate (> 16 km). It is noted that in the 2001 
Broome Water Reserve source protection plan (WRA, 2001) that the P1 boundary 
was determined taking into account future northern expansion of the bore field. 
 
However, if an even more conservative approach is desired, the maximum distance 
calculated is 34.54 km. Note that this maximum distance was calculated using 
parameter values that whilst measured or calculated from field measurements, are 
not considered to be representative of the whole system. Using this value, the 
resulting P1 boundary would be located approximately 7.7 km inside of the Country 
Downs station. This location is almost 15 km further to the south west than the 
publically discussed Proposed P1 boundary in the draft plan (see attached map).  
 
This review recommends that the current proposed P1 boundary is reduced, and 
made to coincide with the north eastern boundary of the Broome Groundwater sub-
area. The groundwater sub-area boundary is more than 24 km up hydraulic gradient 
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of the perimeter of the bore field. This recommendation takes into account the 
simplistic methods used and the assumptions within each of these methods. 
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