Supplementary 1
Case study town details
Tamworth Regional Council, New South Wales
Table S1 Tamworth MAR conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 8.8 MCM/y (2013-20) (NSW DPE, 2022). Town water annual allocations reduced by 30% during drought (WaterNSW, 2022), almost completely reliant on surface water, groundwater used for emergency supply during drought (CSIRO, 2022)

	Source water
	Peel River via Chaffey Dam (BOM, 2023b)

	Recharge location
	Within 3 km of source and supply points

	Aquifer
	Peel Alluvium, narrow, shallow around three kilometres wide and 40 m deep, gravel, sand, silt and clay, overlain 1-5 metres of clay-rich sediments (NSW DI, 2018c)

	Recharge type
	Well injection to bypass surficial clay and confining layers to target more productive deeper sands

	Treatment
	Coagulation, multimedia filtration, granular activated carbon to reduce clogging risks during well injection (Page et al., 2014)

	Storage potential
	1 MCM, DTW 5-10 m, localised areas where up to 6 m freeboard may be available at times, effective porosity 20-25% across radius of 500 m (Heath, 1983; NSW DI, 2018c).

	Design capacity
	0.25 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	Low, bores in Peel Regulated River Alluvium Management Zone yield > 3 L/s, majority in Upper Namoi Alluvium yield around 6 L/s (NSW DI, 2018c)

	Recovery efficiency
	Expected to be high (95-100%), groundwater salinity <1000 mg/L, part of current town supply (NSW DI, 2018c)



Bathurst Regional Council, New South Wales
Table S2 Bathurst MAR conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 6 MCM/y (2013-20) (NSW DPE, 2022). High security and town water annual allocations reduced by 20-30% during drought, completely reliant on surface water (WaterNSW, 2022)

	Source water
	Macquarie River via Chifley Dam, Winburndale Dam, Fish River (BOM, 2023b)

	Recharge location 
	Within 5 km of source and supply points

	Aquifer
	Alluvial sediments near Bathurst along Macquarie River, clay layers interbedded with sand and weathered granite (BOM, 2023a)

	Recharge type
	Well injection to bypass interbedded clay layers and weathered granite screened to target more productive softer sands

	Treatment
	Coagulation, multimedia filtration, granular activated carbon to reduce clogging risks during well injection (Page et al., 2014)

	Storage potential
	3 MCM within 5 km of Bathurst (median depth to water >10m, salinity <1500 mg/L) (Gonzalez et al., 2020)

	Design capacity
	0.75 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	Limited data, likely to be in low range due to lithology, numerous stock and domestic water supply bores in area (BOM, 2023a)

	Recovery efficiency
	Probably high, limited data, salinity of bores in area <1000 mg/L TDS (BOM, 2023a)



Dubbo, New South Wales
Table S3 Dubbo MAR conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 9.1 MCM/y (2013-20) (NSW DPE, 2022). Town water annual allocations reduced by 30% (by 3.9 MCM/y) during drought (WaterNSW, 2022), 30% annual town supply from depleting groundwater supply (Dubbo Regional Council, 2020)

	Source water
	Macquarie River via Burrendong Dam (BOM, 2023b)

	Recharge location
	Within 3 km of source and supply points

	Aquifer
	Upper Macquarie Alluvium, shallow unconfined aquifer to 25 m, deep semi-confined aquifer 60 m (NSW DI, 2018b)

	Recharge type
	Infiltration basin to the unconfined shallow aquifer

	Treatment
	Basin maintenance (scraping) (Vanderzalm et al., 2022)

	Storage potential
	10 MCM, depth to water ~20 m, effective porosity 20-25% across radius of 1 km (NSW DI, 2018b)

	Design capacity
	2 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	Moderate, variable yields 5-120 L/s, average around 15 L/s, South Dubbo field yields 23-90 L/s (Dubbo Regional Council, 2020; NSW DI, 2018b)

	Recovery efficiency
	Expected to be high (95-100%), groundwater generally fresh (<1000 mg/L) (NSW DI, 2018b)



Moree Plains Shire Council, New South Wales
Table S4 Moree conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 3.1 MCM/y (2013-20) (NSW DPE, 2022). Town water sourced from groundwater.

	Source water
	Gwydir River (BOM, 2023b)

	Recharge location 
	Within 5 km of source and supply points

	Aquifer
	Lower Gwydir Alluvium, shallow, mainly unconfined Narrabri formation to 30 m, deeper confined/semi confined Gunnedah formation to 90 m deep (NSW DI, 2018a)

	Recharge type
	Infiltration basin to the unconfined Narrabri formation

	Treatment
	Basin maintenance (scraping) (Vanderzalm et al., 2022)

	Storage potential
	7 MCM,  assuming 1 km radius with depth to water 15-20 m near Moree, alluvium effective porosity 0.2-0.25 (Heath, 1983; NSW DI, 2018a)

	Design capacity
	1.5 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	High, generally high yielding bores 0.5-1 MCM/y (15-30 L/s) around Moree (NSW DI, 2018a)

	Recovery efficiency
	Expected to be high, groundwater salinity is generally <1000 mg/L in area around Moree and used for drinking water supply (NSW DI, 2018a)



Narromine Shire Council, New South Wales
Table S5 Narromine MAR conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 1.3 MCM/y (2013-20) (NSW DPE, 2022). Groundwater is main drinking water supply source (Narromine Shire Council, 2020)

	Source water
	Macquarie River via Burrendong Dam

	Recharge location
	Within 5 km of source and supply points

	Aquifer
	Lower Macquarie Alluvium, shallow unconfined to semiconfined aquifer 20-60 m depth overlying deep alluvium to 120 m depth (NSW DI, 2018b)

	Recharge type
	Infiltration basin to unconfined shallow formation

	Treatment
	Basin maintenance (scraping) (Vanderzalm et al., 2022)

	Storage potential
	20 MCM, depth to water ~35 m, effective porosity 20-25% across radius of 1 km (NSW DI, 2018b)

	Design capacity
	5 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	High, bores yield up to 200 L/s in area, infiltration rate likely to be high (NSW DI, 2018b)

	Recovery efficiency
	Moderate to high, fresh to brackish in shallow formation but mainly fresh in deep alluvium (NSW DI, 2018b)


Gunnedah Shire Council, New South Wales
Table S6 Gunnedah MAR conceptual scheme components. 
	MAR scheme component
	Description

	Demand
	Average potable water supply 2.9 MCM/y (2013-20) (NSW DPE, 2022). 

	Source water
	Groundwater from the Upper Namoi Alluvium

	Recharge location 
	Within 5 km of source and supply points

	Aquifer
	Upper Namoi Alluvium, shallow mainly unconfined Narrabri formation to about 40 m, deeper semi-confined to confined Gunnedah formation to around 140 m (NSW DI, 2018c)

	Recharge type
	Infiltration basin to unconfined shallow Narrabri formation

	Treatment
	Basin maintenance (scraping) (Vanderzalm et al., 2022)

	Storage potential
	4 MCM, depth to water ~10 m in region near Gunnedah, effective porosity 20-25% across radius of 1 km (Heath, 1983; NSW DI, 2018c)

	Design capacity
	1 MCM/y to reach capacity over 4-5 years

	Recharge rate/bore yield
	Moderate-high, bore yields up to 1500 ML/y (47 L/s) , average around 200 ML/y (6 L/s), mainly stock and domestic bores in area (NSW DI, 2018c)

	Recovery efficiency
	Moderate to high, mainly fresh groundwater, areas of brackish and saline water (NSW DI, 2018c)





Model equations
Recharge volume time series (Rechi,t) were calculated for each iteration as:

(1)
Where C is scheme capacity, D is river discharge in year t, and T is the operational trigger variable for iteration i. A Boolean time series of recharge years (Rech_yi,t) was calculated where Rechi,t > 0. 
Recovered volume time series (Recovi(t1,t2,…)) were calculated for each iteration as:

(2)
Where Si,t-1 is storage volume in the previous year (t-1) calculated as the cumulative sum of previous recharge minus recovery after applying the annual depreciation factor (recovery efficiency) for iteration i to the balance in preceding years.
Initial capital costs incurred in the first year were not discounted and were added to the net present value (NPV) of future expenses. Future capital and operating costs were calculated using the general NPV equation:

(3)
Where cost is the capital or operating expense at time t, rate is the effective annual discount rate, and n is the total number of evaluation periods. The Python NumPy NPV function applies this formula (3) taking cost variables as an array of n length and rate as a scalar.
Capital costs:
Initial capital costs included observation bore construction, transfer pumps, pipework, and feasibility assessments. Observation bore capital cost was a function of the unit cost of drilling one bore per MCM of C (Table 2) rounded up to the nearest integer. Transfer pump capital cost was C divided by the product of days per year of operation and pump capacity round up to the nearest integer and multiplied by transfer pump unit cost (Table 2). Pipework capital cost was C multiplied by pipe unit cost. Feasibility assessments were assumed independent of scheme size or recharged or recovered volumes.
Injection bore construction and instrumentation capital costs were calculated based on the number of bores (Nbores) required to achieve C:

(4)
Where Inji is injection rate and DYi is days per year of operation rounded up to the nearest integer.
Injection well construction cost was then a product of Nboresi and unit cost (Table 2). Injection pump and instrumentation cost was a product of unit cost (Table 2) and Nboresi and were replaced after 25 years at present value (3).
Pre-injection treatment capital costs (Treat_capi) were based on scheme capacity and the composite capital cost curve (Supplementary 3):

(5)
Where rf is a random factor of ± 20% applied to represent variability around the capital cost curve.
Infiltration basin construction and instrumentation capital costs were proportional to basin area (Basin_areai):

(6)
Where Infilti is infiltration rate (m/d).
Basin construction capital cost was then basin area multiplied by a depth of 2 m and the unit cost of earthworks using a scraper. Basin instrumentation capital cost was calculated as the cost of one level logger and three soil moisture sensors per hectare of basin area plus the cost of a telemetered weather station (Table 2). Instrumentation was replaced after 25 years at present value (3).
Operating costs:
The NPV of injection pump operating costs (Inj_opi) was calculated as:  
 

(7)
Where Pump_opi is the unit cost of pumping ($/m3/m injection or extraction) the recharged volume in each recharge year assuming a 50 m pressure head (head) requirement (or 490 kPa).
The NPV of injection well redevelopment costs (Well_redevi) was calculated as:  
 

(8)
Where Redevi,t5 is the percentage of injection well capital cost Well_constri, repeated at five-year intervals across the 50-year time series.
The NPV of injection pretreatment operating costs (Treat_opi) was calculated based on scheme capacity and recharged volume time series and the composite operating cost curve with 20% random variability (Supplementary 3) as:  
 

(9)
Infiltration basin maintenance operating cost (Basin_mainti) was calculated as:

(10)
Where Scrapei is the unit cost of scraping 0.1 m off the basin floor in every recharge year. 
A series of other operating costs were applied to both well injection and infiltration basin sub-model. Opportunity cost of water (Water_opi) was calculated as:

(11)
Where Alloci is the unit opportunity cost of water.
Cost of pumping water from the river to the point of recharge (River_pump_opi) was calculated as:

(12)
Where Lifti is the height to lift water from the river to the point of recharge.
Water quality monitoring cost (Monitor_opi) was calculated as:

(13)
Where Monitori is the unit cost of monitoring at a volumetric interval (interv) of 50,000 m3 water recharged across the time series.
Present operating cost of pipe maintenance was calculated as 2% of the capital cost of pipework (a function of unit price and scheme capacity) for every year. 
Operating cost of recovery was calculated similarly to injection costs according to (7) substituting recharged volumes (Rechi,t) with recovered volumes (Recovi,t).
Levelised costs of recharge and recovery were calculated from the sum of all respective capital and operating present costs divided by total volumes recharged or recovered.



River discharge and volume weighted average price of water allocations
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Figure S1 Average annual river discharge at Lock 1 Blanchetown (BOM, 2022) and volume weighted average price (VWAP) of water allocations across the Murray-Darling Basin over the 2008-2021 period (BOM, 2023b).
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Figure S2 Treatment capital (closed circles) and operating (open circles) cost relationships with treatment capacity for coagulation and granular activated carbon (Guo et al., 2014), and multimedia filtration (Culligan Water, pers. comm.).



References
BOM (2022) Water data online. Australian Government Bureau of Meteorology. Viewed 29 Nov 2022, <http://www.bom.gov.au/waterdata/>.
BOM (2023a) Australian Groundwater Explorer. Canberra, Australia. Viewed 30 Mar 2023, <http://www.bom.gov.au/water/groundwater/explorer/map.shtml>.
BOM (2023b) Water markets dashboard. Australian Government Bureau of Meteorology, Canberra, Australia. Viewed 12/09/2023, <http://www.bom.gov.au/water/dashboards/#/water-markets/map>.
CSIRO (2022) Economic Benefits of a More Reliable Water Supply for Tamworth. Canberra, Australia. Viewed 30 Nov 2022, <http://hdl.handle.net/102.100.100/442018?index=1>.
Dubbo Regional Council (2020) Drought contingency and water emergency response plan 2020. Dubbo, NSW. Viewed 11/09/2020, <https://www.dubbo.nsw.gov.au/Our-Region-and-Environment/Water--sewerage-and-drainage/water-management-supply>.
Gonzalez D, Dillon P, Page D and Vanderzalm J (2020) The Potential for Water Banking in Australia’s Murray–Darling Basin to Increase Drought Resilience. Water 12(10), 2936. 
Guo T, Englehardt J and Wu T (2014) Review of cost versus scale: water and wastewater treatment and reuse processes. Water Science and Technology 69(2), 223-234. 
Heath RC (1983) Basic ground-water hydrology. US Department of the Interior, US Geological Survey.
Narromine Shire Council (2020) Water supply networks. Narromine Shire Council Viewed 11/09/2020, <https://www.narromine.nsw.gov.au/environment/water >.
NSW DI (2018a) Gwydir Alluvium Water Resource Plan – Groundwater Resource Description. Sydney, Australia. Viewed 30 Mar 2023, <https://water.dpie.nsw.gov.au/science-data-and-modelling/groundwater-management-and-science/groundwater-document-library>.
NSW DI (2018b) Macquarie-Castlereagh Alluvium Water Resources Plan. Groundwater Resource Description. NSW Department of Industry. Sydney, Australia. Viewed 27 Nov 2020, <https://www.industry.nsw.gov.au/__data/assets/pdf_file/0017/192221/macquarie-castlereagh-alluvium-appendix-a-water-resource-description.pdf>.
NSW DI (2018c) Namoi Alluvium Water Resource Plan - Groundwater Resource Description. NSW Department of Industry, Sydney, Australia.
NSW DPE (2022) Local water utility performance monitoring. Sydney, Australia. Viewed 19 June 2023, <https://www.industry.nsw.gov.au/water/water-utilities/lwu-performance-monitoring-data>.
Page D, Vanderzalm J, Miotlinski K, Barry K, Dillon P, Lawrie K and Brodie RS (2014) Determining treatment requirements for turbid river water to avoid clogging of aquifer storage and recovery wells in siliceous alluvium. Water Res 66, 99-110. DOI: 10.1016/j.watres.2014.08.018.
Vanderzalm J, Page D, Dillon P, Gonzalez D and Petheram C (2022) Assessing the costs of Managed Aquifer Recharge options to support agricultural development. Agricultural Water Management 263. DOI: 10.1016/j.agwat.2021.107437.
WaterNSW (2022) NSW Water Register. Viewed 16 Nov 2022, <https://waterregister.waternsw.com.au/water-register-frame#>.




26

image1.png
VWAP $/m3

06

05

04

02

01

0

.
.
D

oo

.
* .
. .
100 200 300 400

Average annual discharge at Lock 1 (m3/s)

500




image2.png
Treatment cost $/ML

Coag+MMF+GAC

4,500
4,000
3,500
3,000
2500 o
2,000
1,500
1,000
500 Ie]

y=-588:8n(x) +6528:6
R®=0.9543

465.3In(x) +4302.2
R® 509533
()

- 1,000 2000 3,000 4,000 5000
Treatment capacity MLy




