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Addendum Report on Hydrogeological Investigation and Monitoring – January to May 2014 Project 49761.03
Proposed Coal Mine, Bylong, Mid-Western NSW   June 2014

Quality Assurance / Quality Control Report 
Addendum Report on Hydrogeological Investigation and Monitoring 
January to May 2014 
Proposed Coal Mine, Bylong, Mid-Western NSW 

Quality Assurance (QA) was maintained by: 

 Compliance with a Project Quality Plan written for the objectives of the study; 

 Using qualified engineers/scientists to undertake the field supervision and sampling; 

 Following the Douglas Partners Pty Ltd (DP) operating procedures for sampling, field testing and 
decontamination as presented in Table 1; and 

 Using NATA registered laboratories for sample testing that generally utilise standard laboratory 
methods of the US EPA, the APHA and NSW EPA.

Table 1:  Field Procedures 

Abbreviation Procedure Name 

FPM LOG Logging 

FPM DECONT Decontamination of Personnel and Equipment 

FPM ENVID Sample Identification, Handling, Transport and Storage of Contamination Samples 

FPM PIDETC Operation of Field Analysers 

FPM WATSAMP Water Sampling 
Notes to Table 1: 
From DP Field Procedures Manual 

Quality Control (QC) of the laboratory programme was achieved by the following means: 

 Check replicate - a specific sample was split in the field, placed in separate containers and 
labelled with different sample numbers, and sent to the laboratory for analysis; 

 Method blanks - the laboratory ran reagent blanks to confirm the equipment and standards used 
were uncontaminated; 

 Laboratory replicates - the laboratory split samples internally and conducted tests on separate 
extracts; and 

 Laboratory spikes - samples were spiked by the laboratory with a known concentration of 
contaminants and subsequently tested for percent recovery. 
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Addendum Report on Hydrogeological Investigation and Monitoring – January to May 2014 Project 49761.03
Proposed Coal Mine, Bylong, Mid-Western NSW   June 2014

Discussion

A.  Check Replicate 

The Relative Percent Difference (RPD) between replicate results is used as a measure of laboratory 
reproducibility and is given by the following: 

100 x 
2)/2resultReplicate1result(Replicate

2)resultReplicate1result(ReplicateABSRPD

The RPD can have a value between 0% and 200%. An RPD data quality objective of up to 50% is 
generally considered to be acceptable for organic analysis, and 35% for inorganics (i.e. Metals). 

A summary of the results of the replicate QA/QC testing are provided in Table 2. 
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Addendum Report on Hydrogeological Investigation and Monitoring – January to May 2014 Project 49761.03
Proposed Coal Mine, Bylong, Mid-Western NSW  June 2014 

Table 2:  Results of Quality Control Testing (Field Replicates)

pH 7.0 6.9 1 6.3 6.5 3 5.9 5.9 0 7.7 7.7 0 5.9 5.9 0 0.1 pH unit
Electrical Conductivity ( S/cm) 280 290 4 300 300 0 320 320 0 1300 1300 0 1300 1300 0 1

Turbidity (NTU) 140 140 0 4.8 4.9 2 28 30 7 4.5 5.2 14 0.8 0.7 13 0.1
 Alkalinity
           Hydroxide (OH- ) <5 <5 N/A <5 <5 N/A <5 <5 N/A <5 <5 N/A <5 <5 N/A 1/5
           Carbonate (CO3

2- ) <5 <5 N/A <5 <5 N/A <5 <5 N/A <5 <5 N/A <5 <5 N/A 1/5
           Bicarbonate (HCO3

- ) 99 100 1 85 86 1 100 100 0 610 600 2 570 570 0 1/5
           Total Alkalinity 99 100 1 85 86 1 100 100 0 610 600 2 570 570 0 1/5
  Anions 
           Chloride  (Cl) 30 29 3 34 35 3 21 21 0 79 79 0 81 81 0 1
           Ammonia  (NH 3) as N 0.005 0.008 46 0.014 0.023 49 0.053 0.062 16 1.6 1.6 0 1.5 1.6 6 0.005
           NOx (NO2

- + NO3
- ) 0.01 0.02 67 0.02 0.05 86 0.01 0.007 35 0.01 0.03 100 0.006 0.008 29 0.005

           Sulphate (SO4
2- ) 19 18 5 5 5 0 22 22 0 <1 <1 N/A <1 <1 N/A 1

  Cations - Dissolved
           Calcium 20 20 0 12 10 18 19 21 10 37 37 0 36 34 6 0.5
           Potassium 3.5 3.4 3 2.8 2.6 7 14 15 7 15 16 6 13 13 0 0.5
           Sodium 22 22 0 26 25 4 24 25 4 270 280 4 210 210 0 0.5
           Magnesium 14 15 7 11 11 0 12 13 8 28 28 0 28 27 4 0.5
  Metals - Dissolved                  
           Aluminium <0.0005 <0.0005 N/A 0.007 0.006 15 0.005 0.005 0 0.002 0.0007 96 <0.005 <0.005 N/A 0.0005
           Arsenic <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001 0.001 0 <0.001 <0.001 N/A 0.001
           Barium 0.057 0.054 5 0.024 0.022 9 0.079 0.082 4 0.16 0.15 6 0.16 0.16 0 0.001
           Beryllium <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A 0.0001
           Cadmium <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A <0.0001 <0.0001 N/A 0.0001
           Chromium <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001
           Cobalt <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001 0.001 0 <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001
           Copper <0.001 <0.001 N/A 0.001 0.002 67 0.002 0.001 67 <0.001 <0.001 N/A 0.002 0.003 40 0.001
           Iron (Fe2+) 0.061 0.066 8 0.017 0.019 11 0.62 0.58 7 0.14 0.14 0 0.19 0.19 0 0.01
           Lead <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001
           Manganese 0.083 0.086 4 0.093 0.094 1 0.089 0.088 1 0.11 0.11 0 0.11 0.12 9 0.005
           Mercury <0.00005 <0.00005 N/A <0.00005 <0.00005 N/A <0.00005 <0.00005 N/A <0.00005 <0.00005 N/A <0.00005 <0.00005 N/A 0.00005
           Nickel 0.004 0.004 0 0.002 0.002 0 0.007 0.007 0 0.053 0.053 0 0.040 0.042 5 0.001
           Selenium <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A 0.001
           Vanadium <0.001 <0.001 N/A <0.001 <0.001 N/A <0.001 <0.001 N/A 0.002 0.002 0 <0.001 <0.001 N/A 0.001
           Zinc 0.010 0.010 0 0.015 0.021 33 0.049 0.031 45 0.22 0.23 4 0.23 0.25 8 0.001
  Metals - Total 
           Aluminium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.0005
           Arsenic NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Barium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Beryllium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.0001
           Cadmium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.0001
           Chromium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Cobalt NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Copper NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Iron (Fe2+) NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.01
           Lead NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Manganese NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.005
           Mercury NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.00005
           Nickel NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Selenium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Vanadium NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
           Zinc NT NT N/A NT NT N/A NT NT N/A NT NT N/A NT NT N/A 0.001
  Total Phosphorus 0.06 0.05 18 <0.05 <0.05 N/A 0.05 <0.05 N/A <0.05 <0.05 N/A <0.05 <0.05 N/A 0.05

Laboratory 
PQL

Sample Identification RPD (%) D48A18

Date Sampled

D44A12 RPD (%) A15

Jan 2014
15/01/2014

Feb 2014 Mar 2014
20/03/2014

May 2014
19/05/201419/02/2014

D51 RPD (%)

Apr 2014
14/04/2014

RPD (%) D50AGE08 RPD (%) AGE08D46

Notes to Table 2:            N/A – Not Applicable 
Results expressed in mg/L unless otherwise indicated         
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Addendum Report on Hydrogeological Investigation and Monitoring – January to May 2014 Project 49761.03
Proposed Coal Mine, Bylong, Mid-Western NSW   June 2014

The results of testing indicated slightly elevated RPDs for several analytes up to 100%, however, were 
less than the laboratory control acceptance criteria of five times PQL and therefore are considered 
acceptable. The elevated RPDs were in general found to be a result of small changes in concentration 
resulting in high RPDs.  The results of replicate testing are therefore considered to be acceptable.

B. Method Blanks 

All method blanks returned results lower than the laboratory detection limit, therefore are acceptable. 

C. Laboratory Replicates 

The average RPD for individual contaminants generally ranged from 0% to 40%.  Elevated RPDs 
were found up to 130%, however, the concentrations were very low, resulting in a high RPD for a 
small difference in concentration. 

The laboratory replicates were within the internal laboratory quality control criteria. 

D. Laboratory Spikes 

Recoveries in the order of 70% to 130% are generally considered to be acceptable for inorganic 
material and 60% to 140% for organic material.  The average percent recovery for individual 
contaminants ranged from 70% to 139%, which is within the quality control objectives.  The results 
should however be qualified and may slightly under-estimate or over-estimate contaminant 
concentrations in certain samples (i.e. biased low or high respectively). 

Conclusions

In summary, while some slightly elevated results were found, they can be attributed to the relatively 
low concentration of contaminants. 

It is also noted that the magnitude of RPDs for field replicates (i.e. blind replicates) are generally 
higher than those for laboratory replicates.  Field replicates results generally show greater variability 
than laboratory replicates, because they measure both field and laboratory reproducibility. 

The accuracy and precision of the water testing procedures, as inferred by the laboratory QA / QC 
data is considered to be of sufficient standard to allow the data reported to be used in interpret site 
contamination conditions. 
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 103498
Date received: 15/01/14
Date results expected to be reported: 22/01/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 11 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 1.8
Cooling Method: Ice
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 103686
Date received: 17/01/2014
Date results expected to be reported: 28/01/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 15 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 6.6
Cooling Method: Ice
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 105282
Date received: 19/02/14
Date results expected to be reported: 26/02/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 12 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 1.4
Cooling Method: Ice
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 105433
Date received: 19/02/14
Date results expected to be reported: 4/03/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 14 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 5.2
Cooling Method: Ice
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 106730
Date received: 19/03/14
Date results expected to be reported: 26/03/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 9 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 8.0
Cooling Method: Ice
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 106867
Date received: 21/03/14
Date results expected to be reported: 28/03/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 17 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 4.7
Cooling Method: Ice Pack
Sampling Date Provided:

Comments:
Samples will be held for 1 month for water samples and 2 months for soil samples from date of receipt of samples.

no micro jar for D48

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 108220
Date received: 15/04/2014
Date results expected to be reported: 24/04/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 16 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 12.0
Cooling Method: Ice Pack
Sampling Date Provided:

Comments:
If there is sufficient sample after testing, samples will be held for the following time frames from date of receipt of samples:
Water samples - 1 month
Soil and other solid samples - 2 months
Samples collected in canisters - 1 week. Canisters will then be cleaned. 
All other samples are not retained after analysis
If you require samples to be retained for longer periods then retention fees will apply as per our pricelist.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au
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SAMPLE RECEIPT ADVICE

Client:
Douglas Partners Newcastle 4960 9600ph:
Box 324 Hunter Region Mail Centre 4960 9601Fax:
Newcastle  NSW  2310

Attention: Angela Peade, Dana Wilson

Sample log in details:
Your reference: 49761.03, Bylong
Envirolab Reference: 108392
Date received: 17/04/14
Date results expected to be reported: 29/04/14

Samples received in appropriate condition for analysis: YES
No. of samples provided 10 Waters
Turnaround time requested: Standard
Temperature on receipt (°C) 9.7
Cooling Method: Ice
Sampling Date Provided:

Comments:
If there is sufficient sample after testing, samples will be held for the following time frames from date of receipt of samples:
Water samples - 1 month
Soil and other solid samples - 2 months
Samples collected in canisters - 1 week. Canisters will then be cleaned. 
All other samples are not retained after analysis
If you require samples to be retained for longer periods then retention fees will apply as per our pricelist.

Contact details:
Please direct any queries to Aileen Hie or Jacinta Hurst
ph: 02 9910 6200     fax: 02 9910 6201
email: ahie@envirolabservices.com.au or jhurst@envirolabservices.com.au

Page 1 of  1
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Appendix E

Drawing 1 – Piezometer Installation Status
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Groundwater Impact Assessment- Bylong (G1606)  

 

 

 

 

 

 

 

Appendix C 
Bore Surveying Results 
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Appendix D 
Calibration and Hydrographs 
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A Closed-form Equation for Predicting the Hydraulic Conductivity of 
Unsaturated Soils

On describing and predicting hydraulic properties of unsaturated 
soils

Parameter estimation for unsaturated flow and transport 
models - a review

Using Texture and Other Soil Properties to Predict the Unsaturated Soil 
Hydraulic Functions

1989 - van Genuchten, Leij - Indirect methods for estimating the hydraulic 
properties of unsaturated soils

A dual porosity model for simulating the preferential movement of water 
in structured porous media

Estimating unsaturated soil hydraulic properties from multiple 
tension disc infiltrometer data
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 Groundwater Impact Assessment – Bylong (G1606)  

 Predictive sensitivity and uncertainty analysis F1

 Sensitivity analysis methodology F1.1

 Base case F1.1.1

Figure F 1 Bore field requirements (Base case version 2) 
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 Predictive sensitivity and uncertainty analysis F1
The uncertainty in the model predictions was assessed using a traditional sensitivity analysis where 
model inputs were changed individually to assess the impact upon the predictions. A more complex 
Monte Carlo style uncertainty analysis was also undertaken where numerous model inputs were 
changed at the same time. The sections below describe the results of the methodology applied to the 
sensitivity and uncertainty analyses, and the results of these analyses. 

 Sensitivity analysis methodology F1.1

 Base case F1.1.1

The sensitivity analysis assumed a higher demand for makeup water than the base case model 
presented within the main body of this report. Refinement of the site water balance reduced the 
demand for dust suppression water, which was proposed to be partly extracted from the sites bore 
field. The base case represented in the main body of this report reduced the pumping from the bore 
field to reflect this change, however it was decided to leave the sensitivity and uncertainty analyses 
unchanged to ensure a conservative approach to assessing impacts. Figure F1 shows base case in the 
main body of the report (base case 1) and the version with higher demand for makeup water used in 
the sensitivity and uncertainty analyses (base case 2). 

 
Figure F 1 Bore field requirements (Base case version 2) 
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 Scenarios F1.1.2
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 Climate scenario  F1.1.3
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Figure F 2 Historic climate sensitivity scenarios

Table F 1 Summary of climate sensitivity analysis scenarios
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Figure F 2 Historic climate sensitivity scenarios 

Three model runs were conducted using recharge rates calculated from the historical rainfall records 
for the above periods. In addition the recharge rates in the base case model were also adjusted by 
factors to further assess the influence of climate variability on the impacts. Table F 1 summarises the 
data used in the sensitivity scenarios. 

Table F 1 Summary of climate sensitivity analysis scenarios 
Sensitivity scenario Rainfall data River flow and height Mine makeup water 

Rainfall trending above 
average (Wet)  

1985 to 2010 Estimated by WRM using rainfall 
runoff model and 1985 to 
2010 rainfall data 

Determined by WRM 
using water balance 
model and 1985 to 
2010 rainfall data. 

Rainfall trending at the 
average (Average) 

1950 to 1975 Estimated by WRM using rainfall 
runoff model and 1950 to 
1975 rainfall data 

Determined by WRM 
using water balance 
model and 1950 to 
1975 rainfall data. 

Rainfall trending below 
average (Dry) 

1920 to 1945 Estimated by WRM using rainfall 
runoff model and 1920 to 
1945 rainfall data 

Determined by WRM 
using water balance 
model and 1920 to 
1945 rainfall data. 

Recharge+/ Recharge- base case model adjusted 
in the alluvium ± 100% 
and other stratigraphy ± 
0.5 to 1 orders of 
magnitude 

Base case 2 unchanged Base case 2 unchanged 

Extreme scenario 
(drains active for 
entire mine life) 

Base case 1 and no 
irrigation returns 

No leakage into aquifer, only 
discharge from aquifer 

Base case 1 
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Figure F 3 Climate sensitivity of recharge rates
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Figure F 3 Climate sensitivity of recharge rates 
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Figure F 4 CRD, cumulative recharge and make up water for sensitivity scenarios 
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Figure F 4 CRD, cumulative recharge and make up water for sensitivity scenarios 
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Figure F 5 Climate sensitivity of river stage heights (Bylong River) 
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The base case model 2 used average river stage heights and looped these levels over the 25 year 
project life, similar to rainfall recharge. The stage heights for the wet, dry and average rainfall 
sensitivity scenarios were based on stream flows simulated at gauges SW8, SW9, and SW4 by a rainfall 
runoff model developed by WRM. The flow volumes were converted to an average river stage height 
based on the relationship between baseflow and stage height. Figure F 5 presents the simulated river 
stage heights applied to SW8 (Bylong River), for the predictive climate scenarios.  

 
Figure F 5 Climate sensitivity of river stage heights (Bylong River) 

 
 
 
 

BYLONG COAL PROJECT EIS
September 2015M Groundwater Impact Assessment



 

 Groundwater Impact Assessment – Bylong (G1606)  

 Hydraulic properties F1.1.4

Table F 2 Summary of hydraulic properties sensitivity analysis 

Sensitivity 
scenario 

Parameters Description 

 Unsaturated zone parameters F1.1.5
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Figure F 6 Example of upstream weighting correction (from MODLOW-NWT manual) 

Table F 3 Summary of unsaturated zone sensitivity analysis 

Sensitivity scenario Unit Alpha  
(m-1) 

Beta  
(-) 

Residual 
saturation 
(%) 

Brooks Corey 
exponent 
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Figure F 6 Example of upstream weighting correction (from MODLOW-NWT manual) 

 

To make use of the upstream weighting function, the model was converted to be compatible with 
MODFLOW-USG. To aid model convergence and model run times, the model was converted to a 
Voronoi unstructured mesh, with pinching out of ‘wrapped’ layers. Table F 3 details the scenarios run 
to assess the sensitivity of the unsaturated zone representation. 

Table F 3 Summary of unsaturated zone sensitivity analysis 

Sensitivity scenario Unit Alpha  
(m-1) 

Beta  
(-) 

Residual 
saturation 
(%) 

Brooks Corey 
exponent 

Base case 
 

van Genuchten 
model 

Alluvium 0.02 7.0 1.0 N/A 
Colluvium 0.02 7.0 1.0 N/A 
Basalt 0.02 5.0 0.2 N/A 
Weathered Permian 
(Layer 1-3) 

0.02 5.0 1.0 N/A 

Interburden (Layer 4) 0.02 5.0 1.0 N/A 
Interburden (Layer 
5,7,9,10) 

0.02 5.0 0.2 N/A 

Coal 0.02 5.0 0.2 N/A 

Pseudo soil function 
All units N/A N/A N/A (implied 

by specific 
yield) 

N/A 

Brooks-Corey and 
van Genuchten 

(Scenario 1) 
 

(medium alpha, low 
beta and residual 

saturation) 

Alluvium 1.0 1.9 1.0 2.0 
Colluvium 1.0 1.9 1.0 2.0 
Basalt 0.3 1.9 0.2 2.0 
Weathered Permian 
(Layer 1-3) 

0.5 1.2 1.0 2.0 

Interburden (Layer 4) 0.3 1.2 1.0 2.0 
Interburden (Layer 
5,7,9,10) 

0.3 1.2 0.2 2.0 

Coal 0.3 1.2 0.2 2.0 
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Sensitivity scenario Unit Alpha  
(m-1) 

Beta  
(-) 

Residual 
saturation 
(%) 

Brooks Corey 
exponent 
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Figure F 7 Unsaturated hydraulic conductivity vs. matric suction 
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Figure F 7 Unsaturated hydraulic conductivity vs. matric suction 

 
The figure demonstrates the base case model has the highest relative hydraulic conductivity at matric 
suction heads occurring in the Bylong groundwater model, which is considered a conservative 
approach to predictive modelling.  
 
Figure F 8 presents the relationship between unsaturated water content and matric suction in the 
groundwater model using the van Genuchten algorithm. 
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Figure F 8 Unsaturated water content vs. matric suction 
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Figure F 8 Unsaturated water content vs. matric suction 

 
The results show that the base case retains slightly more water as unsaturated storage at higher 
matric suction values than the sensitivity scenarios. 
 
The pseudo-soil function was attempted in the Bylong model sensitivity analysis, however, the model 
failed to converge. This was likely due to the large number of unsaturated cells in the upper layers of 
the groundwater model (i.e. overlying the underground mining areas), coupled with the relatively low 
recharge rates assigned to the model cells in areas of high relief creating a high matric suction. 
 
To overcome convergence errors, the Bylong groundwater model was converted to a MODFLOW-USG 
compatible model, to utilise the upstream weighting function, which is the equivalent of the pseudo-
soil function. 
 
The pseudo-soil/upstream weighting functions do not simulate transmission of groundwater through 
the unsaturated zone, as relative hydraulic conductivity is reduced to 0 m/day when the cell becomes 
dry. It simulates a linear hydraulic conductivity saturation curve according to the saturated thickness 
of the model cell. This approach does not require the uncertain input parameters of the van Genuchten 
algorithm, but it is not considered a conservative approach for open cut mining. This is because there 
is potential for depressurisation through the unsaturated zone to be retarded by the hydraulic 
conductivity of 0 m/day when the cell becomes dry. Therefore using this approach requires confidence 
in the thickness of the saturated model cells surrounding the proposed mining areas.  
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 Uncertainty analysis methodology F1.2

 Introduction F1.2.1

 Methodology F1.2.2
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 Application of uncertainty analysis F1.2.3

F1.2.3.1 Variable parameters 
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F1.2.3.2 Generating random fields 

k

k
k

k

Table F 4 Horizontal hydraulic conductivity cell-by-cell field generation statistics 

Parameter 
Zone 

Parameter 
Name Mean (m/day) 

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

2 

3 

4 

5 

7 

9 

10 

11 

12 

13 

1a 

2a 
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Table F 5 Coal seam conductance multiplier for cell-by-cell field generation 
statistics 

Parameter 
Zone 

Parameter 
Name Mean  

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

Table F 6 Specific yield for cell-by-cell field generation statistics 

Parameter 
Zone 

Parameter 
Name Mean  

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

2 

3 

4 

5 

7 

9 

10 

11 

12 

13 

1a 

2a 

Table F 7 Specific storage for cell-by-cell field generation statistics 

Parameter 
Zone 

Parameter 
Name Mean (m-1) 

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

2 

3 

4 

5 

7 

9 

10 

11 
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Parameter 
Zone 

Parameter 
Name Mean (m-1) 

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

12 

13 

1a 

2a 

Table F 8 Recharge factor for cell-by-cell field generation statistics 

Parameter 
Zone 

Parameter 
Name Mean (%) 

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

2 

3 

4 

5 

1a 

2a 

3a 

4a 

5a 

6a 

Table F 9 Vertical riverbed conductivity for cell-by-cell field generation statistics 

Parameter 
Zone 

Parameter 
Name Mean (m/day) 

Standard 
Deviation 
(log10) 

Variance 
(log10) 

“a” of 
Exponential 
Variogram 
(m) 

1 

2 

3 

4 

5 
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F1.2.3.3 Application 

Figure F 9 Realized example of horizontal hydraulic conductivity (looking north 
through project area) 
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F1.2.3.3 Application 

Two hundred randomised realisations were generated with FIELDGEN using the parameters listed in 
above. The realised fields were transferred to Voronoi cells compatible with the MODFLOW USG 
model. All 200 realisations were tested using PEST, and the objective function (sum of squared 
residuals) from each run was examined. The calibrated objective function8 (Phi) was determined as 
67,657 m2, and a suitable cut off for “de-calibration” was set to be 125% of the calibrated Phi 
(i.e. 85,000 m2). 157 realisations meet these criteria, and 43 realisations were rejected from further 
analysis. Of these 157 realisations, a total of 32 simulations failed to converge (or failed to converge in 
a timely manner), meaning that the combination of varied parameters e.g. high recharge and low 
hydraulic parameters, caused numerical instability. 

Figure F 9 shows a sample of the 157 realisations for the hydraulic conductivity. 

 
Figure F 9 Realized example of horizontal hydraulic conductivity (looking north 

through project area) 
 

 

                                                             
8 The initial model calibration Phi used for uncertainty analysis. 
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Figure F 10 Ranking of objective function (phi) from calibration runs 
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Figure F 10 shows the results from the calibration uncertainty analysis (Realisations), as well as the 
calibrated and cut-off levels for the objective function (Phi). 

 
Figure F 10 Ranking of objective function (phi) from calibration runs 

 
The results of the uncertainty are presented with the results for unsaturated zone within Section F2.3. 

 Sensitivity and uncertainty analysis results F2
The sections below describe the results of the sensitivity analyses. 

 Climate scenario  F2.1

 Predicted mine seepage rates F2.1.1

Figure F 11 shows the sensitivity of the predicted seepage rate into the mining areas, to changes in 
rainfall recharge and stream flow conditions. Note the seepage rate to the mining areas is based on the 
inflow at the end of each stress period, not the weighted average of all time steps as reported in 
Section 10.4 of the main report. 
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Figure F 11 Climate sensitivity of mining area inflow 

  Alluvial aquifer system F2.1.2
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Figure F 11 Climate sensitivity of mining area inflow 

 
Figure F 11 indicates the predicted rate of seepage into the mines does not vary significantly in 
response to climatic conditions (dry/average/wet conditions). This is expected, as periods of high or 
low rainfall typically change groundwater levels in the order of 1 m to 2 m, and this does not 
significantly change steep hydraulic gradients around the mining areas. 

When irrigation recharge and river leakage are removed from the model for 25 years, and the mine 
drains are left on for the entire mine life, groundwater inflow rates increase, particularly during the 
underground mine life and are roughly double the base case. 

The seepage rate to the mining areas was most sensitive to the more extreme changes to recharge 
(alluvium ± 100% base case, other stratigraphy ± 0.5 to 1 mag x base case), but seepage rate did not 
change proportionally in response to the changes in recharge. 

  Alluvial aquifer system F2.1.2

A key model prediction is the water take from the alluvial aquifers due to mining. Figure F 12 presents 
the sensitivity of the predicted water take to climate variability. 
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Figure F 12 Climate sensitivity of Permian to alluvial flow change 
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Figure F 12 Climate sensitivity of Permian to alluvial flow change 

 
Figure F 12 demonstrates the ‘water take’ from alluvium is not sensitive to changes in recharge rates. 
Again, this is expected, as periods of high or low rainfall typically change groundwater levels in the 
order of 1 m to 2 m, and this does not result in significant changes to steep hydraulic gradients around 
the mining areas. It should be noted that the reduced recharge scenario (Recharge -) had convergence 
issues, resulting in a markedly different solution, which explains why the results deviate from the base 
case. 

When leakage and irrigation recharge are removed, and drains are left on, more Permian groundwater 
is intercepted compared with the base case, resulting in more ‘water take’. This is because of enhanced 
depressurisation primarily caused by leaving the drains on for longer than realistically proposed. 

Figure F 12 also shows that the ‘water take’ from the alluvium due to the Project is slightly offset 
between base case 1 and base case 2. This is because there this a large makeup water requirement 
during years 3 to 8 in base case 1. 

 Bylong River baseflow F2.1.3

Figure F 13 presents the simulated change to river baseflow in Bylong River for each of the climate 
scenarios. In the figure, negative flows indicate a net reduction in flow from the aquifer to the river, 
(i.e. baseflow /gaining conditions). 
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Figure F 13 Climate sensitivity of river baseflow change (Bylong River) 
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Figure F 13 Climate sensitivity of river baseflow change (Bylong River) 

 

Figure F 13 shows less loss of baseflow for the climate scenarios of wet, dry and average rainfall 
conditions, compared with the base case. This is largely due to the base case assuming perennial flow 
within defined sections of the Bylong River (and therefore more interaction with groundwater); whilst 
the three climate scenarios represent more variable ephemeral flow dependent on rainfall events, and 
all have periods where leakage from the river to the aquifer cannot occur. This results in less ‘water 
take’ in the climate scenarios than the base case, because there is less leakage between the 
groundwater table and the river. The sensitivity analysis therefore demonstrates that the base case 
provides a conservative estimate of the water take from the rivers and streams.  

Similar to the dry climate scenario, the scenario in which river leakage and irrigation recharge are 
removed shows much lower flow changes than both base cases and the climate scenarios. This is 
because river leakage is removed for the entirety of the predictive simulation, meaning there is much 
less water available to leak from the river to the aquifer. 

 Zone of depressurisation and impact on water users F2.1.4

The sensitivity analysis assessed the changes to the zone of depressurisation in the alluvium and the 
Coggan coal seam. Figure F 14 and Figure F 15 show the sensitivity of predicted maximum 
groundwater drawdown during mining to changes in the model, for the alluvium (Layer 2) and the 
Coggan coal seam (Layer 8) respectively. 
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 Water licensing F2.1.5

Figure F 16 ‘Water take’ from alluvium (Dry climate scenario)  
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 Water licensing F2.1.5

Figure F 16 shows the water take from the alluvial water sources for the dry climate scenario, which is 
comprised of interception of water due to mining and pumping from the proposed bore field for 
makeup water. 

 
Figure F 16 ‘Water take’ from alluvium (Dry climate scenario)  

 
The results show that the dry climate scenario produces lower groundwater take from the alluvial 
water sources. This is because there is less groundwater interaction between surface 
water/groundwater and the mining area. 
 
Figure F 17 and Figure F 18 show the water take from the alluvial water sources from the average and 
wet climate conditions, respectively.  
 
Similar to the dry climate scenarios, total groundwater take from the alluvial aquifer system is lower 
than the base case, which is primarily due to the fact the interaction with the Bylong River is lower in 
the climate scenarios. These results show that the base case represents an extremely conservative 
approach to assessing the changes to baseflow and leakage caused by mining and bore field induced 
depressurisation. 
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Figure F 17 Water take from alluvium (Average climate scenario)  

Figure F 18 Water take from alluvium (Wet climate scenario)  
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Figure F 17 Water take from alluvium (Average climate scenario)  

 

 
Figure F 18 Water take from alluvium (Wet climate scenario)  
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Figure F 17 Water take from alluvium (Average climate scenario)  

 

 
Figure F 18 Water take from alluvium (Wet climate scenario)  
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 Figure F 19 Water take from alluvium (No leakage scenario) 
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When river leakage and enhanced irrigation are removed, and drains remain active on for the life of 
the Project, ‘water take’ from the alluvium is similar to the base case presented in Section 10.        
Figure F 19 shows the licencing requirements during the extreme climate scenario.  

 
 Figure F 19 Water take from alluvium (No leakage scenario) 

 
 Bore field requirements F2.1.6

Abstraction from the bore field was simulated using the fractured well package, which automatically 
‘throttles’ back groundwater pumping according to the available head within the bore. For the base 
case, the volumes of water removed from the bore field during each stress period were inspected, and 
additional bores were added until the ‘make up’ requirements were met. 

It should be noted the bore field was unable to pump the required 1st percentile ‘make up’ water 
requirement from years 3 to 12 due to the limited saturated thickness within the alluvial aquifer. 
Figure F 20 presents the bore field water budgets from the extreme scenario along with the 1st 
percentile and median make-up water requirements. 
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Figure F 20 Bore field abstraction vs. required volumes 
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Figure F 20 Bore field abstraction vs. required volumes 

 
The results show that the very dry climate model failed to meet the make-up water requirements for 
both the 1st percentile and median. During year 4 the bore field was 883 ML short of the 1st percentile 
requirement and 706 ML short of the median. To meet bore field requirements during these years, it is 
anticipated that the proposed bore field needs to expand by a further 25 to 31 bores. It should be 
noted that whilst this is an extreme scenario,  it is considered improbable but remains possible. 
Section 13.6 describes the proposed design of the bore field, and measures to mitigate impacts during 
periods of extreme drought.  

 Hydraulic properties F2.2

The sensitivity analysis also assessed the response of the model to varying hydraulic properties. The 
hydraulic properties were adjusted to encompass the range of uncertainty in key parameters. 

Sections below describe the sensitivity of the predicted mine seepage rates, groundwater/surface take 
and the zone of drawdown to changes in the saturated zone parameters. The RMS performance of each 
of the sensitivity runs to demonstrate whether the scenarios are still calibrated are presented in 
Section F2.4. The results from scenarios that departed excessively from the base case model have 
limited confidence. 
 

 Predicted mine seepage rates F2.2.1

Figure F 21 shows the sensitivity of the predicted seepage rate to changing the hydraulic parameters 
in the model. 
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Figure F 21 Hydraulic parameter sensitivity of mining area inflow 

Gr
ou

nd
w

at
er

 In
flo

w
 to

 M
in

e 
(M

L/
ye

ar
)

Year

 

 
Australasian Groundwater and Environmental Consultants Pty Ltd 

 Groundwater Impact Assessment – Bylong (G1606)  | Appendix F |  30 

 
Figure F 21 Hydraulic parameter sensitivity of mining area inflow 

The seepage rate was most sensitive to the adopted specific storage value, with an order of magnitude 
increase to the Permian units, resulting in a doubling of the seepage rate. Decreasing the storage had a 
similar effect, reducing predicted seepage rates to approximately 50% of the base case model. 

The base case model represented mining with advancing drain cells, and gradually removed these 
drains and allowed flow of groundwater into previously mined areas if hydraulic gradients promoted 
this. A sensitivity scenario kept the drain cells active across the entire mine footprint, meaning all 
groundwater seepage was captured during the mine life even in mined out longwall panels and 
backfilled open cut pits. As expected, this scenario resulted in a gradually increasing rate of seepage to 
the mining areas over the mine life, with seepage about double the base case model. The scenario 
where drains were left on (‘Drain on’ in graphs) does not simulate the emplacement of spoil until the 
completion of the open cut, resulting in slightly higher groundwater inflows during open cut mining 
due to a larger drain footprint. This scenario also assumes the longwall panels are completely 
dewatered for the entire mine life. This does not replicate reality, as the mine plan requires the 
emplacement of overburden and goafing of each longwall panel as the longwall mine progresses. 
Therefore, it is impossible to keep every square meter of the mining footprint fully drained. 

The mine seepage rate was relatively insensitive to horizontal and vertical hydraulic conductivity, and 
the leakage through the river beds, with results generally aligning closely to the base case. The 
exception was for the period of open cut mining where increases in the horizontal and vertical 
hydraulic conductivity resulted in the predicted rate of seepage being more than double the predicted 
seepage rate for the base case. 

Reducing the vertical hydraulic conductivity of the fractured zone reduced predicted seepage rates to 
approximately 50% of the base case model. Interestingly, mining seepage recorded at the last time 
step of each period using a higher vertical conductivity in the fracture zone was similar to the base 
case. The weighted average of inflow from all time steps would show greater disparity. 
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 Alluvial aquifer system F2.2.2

Figure F 22 Hydraulic parameter sensitivity of Permian to alluvial flow change 
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 Alluvial aquifer system F2.2.2

A key model prediction is the water take from the alluvial aquifers due to mining. Figure F 22 presents 
the sensitivity of the predicted water take from the alluvial due to changes in hydraulic parameters. 

 
Figure F 22 Hydraulic parameter sensitivity of Permian to alluvial flow change 

Figure F 22 demonstrates that the reduced transfer from the Permian to the alluvium is most sensitive 
to horizontal and vertical hydraulic conductivity, and is relatively insensitive to all other changes to 
the undisturbed strata. This is because changing the hydraulic conductivity increases the connectivity 
between the depressurised Permian formation and the adjacent alluvial system. 

 Bylong River baseflow F2.2.3

Figure F 23 presents the sensitivity of the changes to the Bylong River surface water/ groundwater 
flow to changes in hydraulic properties. 
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Figure F 23 Hydraulic parameter sensitivity of Bylong River baseflow 

 Zone of depressurisation and impact on water users F2.2.4
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Figure F 23 Hydraulic parameter sensitivity of Bylong River baseflow 

 
Figure F 23 demonstrates that the volume of baseflow removed from the Bylong River is most 
sensitive to hydraulic conductivity of the undisturbed strata and the fractured zone above the longwall 
mining area. As discussed previously, this is because changing the hydraulic conductivity increases the 
connectivity between the depressurised Permian formation and the adjacent alluvial system, which is 
directly connected to the Bylong River. When the hydraulic conductivity of the undisturbed strata and 
the river bed is reduced, the water take from the Bylong River also reduces by four to five times lower 
than the base case. 

The results also show that the magnitude of the baseflow loss is relatively insensitive to all other 
changes to the properties of the undisturbed strata. 

 Zone of depressurisation and impact on water users F2.2.4

The sensitivity analysis assessed the changes to the zone of depressurisation in the alluvium and the 
Coggan coal seam. Figure F 24 and Figure F 25 show the sensitivity of predicted groundwater 
drawdown to changes in the hydraulic properties for the alluvium (Layer 2) and the Coggan Coal seam 
(Layer 8) respectively. 

Figure F 24 illustrates drawdown within the alluvium becomes more extensive when hydraulic 
conductivity is increased in the undisturbed strata and in the fractured zone above the longwall 
mining area. Reducing specific storage also increases the drawdown. The drawdown generally 
remains within the land owned by the proponent, except for the scenarios where the vertical hydraulic 
conductivity of the fracture zone is increased and the specific storage is reduced. This results in two 
private bores located on land outside the area presently owned by the proponent potentially 
experiencing drawdown in excess of 2 m. Table F 10 summarises the private bores where the 
maximum drawdown during mining is predicted to exceed 2 m under this sensitivity scenario.  
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Table F 10 Private bores with predicted drawdown exceeding 2 m  

Work No. Easting 
(mGDA94Z56) 

Northing 
(mGDA94Z56) 

Property 
Name 

Type Base Base 
(version 2) 

Cracking+ 
(version 2) 
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 Unsaturated zone parameters F2.3

 Predicted seepage rates F2.3.1

Figure F 28 Sensitivity of predicted mining area inflow to unsaturated zone method 
and parameters 
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 Unsaturated zone parameters F2.3

The sections  below present the sensitivity of the predicted mine seepage rates, water take and the 
zone of depressurisation to changes in the methodology representing flow within the unsaturated 
zone. The calibration-constrained Monte Carlo uncertainty analysis simulated the unsaturated zone 
using ‘upstream weighing’. 
 

 Predicted seepage rates F2.3.1

Figure F 28 shows the sensitivity of the predicted seepage rate to changes in unsaturated zone 
parameters. It should be noted that Figure F 28 presents inflows to the mining areas at the end of each 
stress period. 

 
Figure F 28 Sensitivity of predicted mining area inflow to unsaturated zone method 

and parameters 
 
The seepage rate was most sensitive to increases in values adopted for alpha and residual saturation, 
resulting in maximum seepage rates of 3,904 ML/year. This is because more water enters the longwall 
mine from unsaturated storage within the fractured zone from layers 1 to 8 in the groundwater model 
using the Van Genuchten method. 

Predicted seepage to the mining areas from using the upstream weighting option effectively doubled 
the amount of groundwater inflow during underground mining, with the 95th percentile being four 
times higher. This was because more water is not routed through the unsaturated cells, but is directed 
moved to the drain cells. In addition to changing the method, representing the flow within the 
unsaturated zone the uncertainty analysis also varied all of the model parameters including recharge 
and hydraulic properties. The 95th percentile prediction therefore represents the extremes in the 
dataset. 
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  Alluvial aquifer system F2.3.2

Figure F 29 Sensitivity of predicted Permian to alluvial flow change to unsaturated 
zone method and parameters 
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  Alluvial aquifer system F2.3.2

A key model prediction is the water take from the alluvial aquifers due to mining. Figure F 29 presents 
the sensitivity of the predicted water take to changes in the unsaturated zone parameters. 

 
Figure F 29 Sensitivity of predicted Permian to alluvial flow change to unsaturated 

zone method and parameters 
 

Figure F 29 demonstrates that the ‘water take’ from the alluvium is sensitive to changes in alpha and 
beta and the nature of the mining, i.e. open cut or underground mining. ‘Water take’ from the alluvium 
during open cut mining is less sensitive to the vadose zone parameters, and slightly less than the base 
case. This is due to the decreased relative hydraulic conductivity within the unsaturated zone between 
the drain cells and the alluvium that occurs when using the upstream weighting method. In contrast 
changing the vadose zone parameters in the longwall mining area results in a larger ‘water take’. This 
occurs because a larger volume of water is routed from the fractured zone into the underground 
mining area with steeper hydraulic gradients. 

Results from the upstream weighting scenario show the conservatism of the base case model to 
alluvial impacts. Due to the lack of connection through the unsaturated zone using upstream 
weighting, the model predicts very little impact to the alluvial aquifer system, reaching a maximum 
impact of 37 ML/year during year 24. 

 

 

0

100

200

300

400

500

600

700

800

900

0 5 10 15 20 25

N
et

 G
ro

un
dw

at
er

 F
lo

w
 C

ha
ng

e 
(M

L/
ye

ar
)

Year
Base Base (v. 2) Scenario 1
Scenario 2 Scenario 3 Upstream weighting (base)
Upstream (mean) Upstream (95th percentile) Upstream (5th percentile)

Open cut  Year 3 - 10

Underground Haul Road Year 6 - 25

Underground Longwall Panels Year 9 - 25

BYLONG COAL PROJECT EIS
September 2015M Groundwater Impact Assessment



 

 Groundwater Impact Assessment – Bylong (G1606)  

 Bylong River baseflow F2.3.3

Figure F 30 Sensitivity of predicted river flow change (Bylong River) to unsaturated 
zone method and parameters 

 Zone of depressurisation and impact on water users F2.3.4
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 Bylong River baseflow F2.3.3

Figure F 30 presents the simulated change to river base flow in the Bylong River due to changes in the 
unsaturated zone parameters. Figure F 30 shows that baseflow from the alluvium to the Bylong River 
is largely insensitive to changes in the vadose zone parameters in the initial ten years of mining 
(i.e. period of open cut mining operations and initial development of underground mining area). In the 
final stages of mining, the predicted baseflow from alluvium to the Bylong River is most sensitive to 
Scenario 1 (refer to F1.1.5) . This is because the underground removes more groundwater storage and 
depressurises the alluvium, which conversely reduces the interaction between the model river cells 
and the groundwater system.  

 
Figure F 30 Sensitivity of predicted river flow change (Bylong River) to unsaturated 

zone method and parameters 
 
Results from the upstream weighting scenario highlight the conservatism of the base case model to 
impacts on the Bylong River. The model predicts a maximum reduction of 189 ML/year in baseflow 
caused by underground mining, which is due to the lack of hydraulic connection through the 
unsaturated zone using the upstream weighting option. 

 Zone of depressurisation and impact on water users F2.3.4

The sensitivity analysis assessed the changes to the zone of depressurisation in the alluvium and the 
Coggan coal seam. Figure F 31 and Figure F 32 show the sensitivity of predicted maximum 
groundwater drawdown to changes in the vadose zone parameters for the alluvium (Layer 2) and 
Coggan coal seam (Layer 8) respectively. 
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 Sensitivity analysis summary F2.4

Table F 11 Summary results of sensitivity analysis 

Scenario Steady 
State 

SRMS (%) 

Transient 
SRMS (%) 

Max Bylong 
River Baseflow 

Loss 
(ML/year) 

Max Alluvial 
Change 

(ML/year) 

Max mine 
seepage 

 (ML/year) 

Note* Model based on version 2 base case 
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