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Abstract	
The additional waterflow, due to groundwater and/or rainwater inflow and infiltration (I&I), into a wastewa-
ter treatment plant (WWTP), expected to be used for irrigation, is a growing concern, as the I&I can contrib-
ute a significant proportion of the total flow (sanitary flow plus I&I) entering WWTP, while in general only 
the sanitary flow is monitored. In other words, both sanitary flow and I&I monitoring is a must to accurately 
calculate total treated wastewater availability for irrigation planning. The I&I is an unavoidable problem 
and is associated with soil types. The two objectives of this paper are: i) to investigate the impact of soils on 
I&I under wet weather and dry weather conditions; ii) to estimate the proportion of I&I in total wastewater 
(wastewater and excess groundwater/rainwater). To cover different soils, wastewater flow and rainfall were 
monitored at the entrance of five WWTPs selected from five towns of Rangitikei District Council in New 
Zealand: Bulls, Marton, Hunterville, Mangaweka and Taihape. Soil information was collected from S-map 
which is a digital soil map for New Zealand. Asset Monitoring Ltd. was engaged to monitor wastewater flow 
by installing “in-pipe” flow meters in the incoming mains (inlet into a manhole) and recording the effluent 
flows every five minutes. Rainfall was monitored by installing a tipping bucket rain gauge in each town and 
recording rainfall every two minutes. Height/Velocity/Quantity (HQV) methodology was adopted as being the 
best solution for estimating wastewater depth, velocity and quantity for all flow monitoring locations. Man-
ual depth and velocity calibrations was conducted during the monitoring period for different flow regimes 
for data accuracy. Wastewater flow and rainfall data were analysed for each town to investigate spatial and 
temporal variability in I&I measurements, enabling to correlate I&I with different soils. The methodology 
recommended by the Environmental Protection Agency (EPA) and the Massachusetts Department of Envi-
ronmental Protection was adopted to divide the total effluent flow in four distinct components: i) sanitary 
flow; ii) groundwater infiltration; iii) directly discharged rainwater; iv) rain-induced infiltration. Total treated 
wastewater volume comprising wastewater and excess rainwater was assessed, which contribute to improved 
irrigation planning, and eventually supporting water conservation.
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Introduction
Wastewater is water generated after the use of freshwater in 
different applications such as domestic, industrial, commercial 
or agricultural activities [1]. Based on its origin, wastewater 

is classified as domestic, industrial and commercial. Domestic 
wastewater is generated from residential sources such as toilets, 
sinks, bathing, and laundry. Industrial wastewater comes from 
manufacturing facilities such as factories or plants. Commercial 
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wastewater comes from offices, hotels, stores and other enter-
prises. Municipal/urban wastewater is a mixture of domestic, 
industrial and commercial wastewater (Ibid, 2010). A network 
of pipe systems that takes wastewater from a property, transmit 
to the treatment plant and then discharge into the surrounding 
water body is combinedly known as wastewater network. In a 
treatment plant, contaminants are removed using various pro-

cesses like screening, coagulation, clarification, filtration, and 
disinfection to ensure water is safe for reuse. Globally, there are 
practices of wastewater reuse for various purposes. The detailed 
information related to the utilization of treated wastewater has 
been described in [2].Some of the major sectors reusing waste-
water around the world are shown in Figure 1.

Figure 1: Major Sectors Reusing Water in Different Regions/Countries Sources: [3-12].

Treated wastewater is reused in four main areas: irrigation uses, 
industrial uses, groundwater recharge and other different uses 
including portable water supply [13]. These four major sectors 
receiving treated wastewater are discussed further below, with 
focus on irrigation use.

Treated Wastewater In Irrigation Uses
Irrigation is by far the largest user of treated wastewater. For ex-
ample, in Greece 100% and in Israel 90% of the treated wastewa-
ter is used in irrigation [14]. Treated wastewater use in irrigation 
is more common in water scarce areas such as in South Africa 
and Europe where reliable and adequate quantities of freshwater 
are lacking while its demand is increasing [7,15]. [16] reported 
that 40% of the global population is situated in heavy water–
stressed basins, which represents the water crisis for irrigation. 
Therefore, interest in the reuse of wastewater for irrigation is 
increasing in arid areas of South Africa especially Western Cape 
Province [15,2]. Irrigation application of treated wastewater is 
also common in some middle-income countries, such as Tunisia, 
Jordan and Saudi Arabia [16-21]. Wastewater reuse in irrigation 
is an ideal resource to replace freshwater use in agriculture [22]. 
Treated wastewater use in agriculture has been found a more 
applicable and ecofriendly option [2]. At global level, treated 
wastewater irrigation supports agricultural yield and the liveli-
hoods of millions of smallholder farmers [19]. Treated waste-
water contains valuable nutrients, such as phosphorus, nitrogen, 
potassium, and sulphur required by the plants. Therefore, treated 
wastewater use in irrigation reduces the use of fertilizers, im-
proves soil fertility, increases crop productivity and decreases 
the cost of crop production. However, if irrigation is meant to 
be with treated industrial wastewater, advance wastewater treat-
ment [2] is essential because it may contain heavy metals (i.e. 
Cu, Cr, Mn, Fe, Pb, Zn, and Ni) which are non-biodegradable 
[23]. These heavy metals accumulate in topsoil (at a depth of 
20 cm) enter the human and animal body through leafy vege-
tables consumption [24]. In contrary to use of treated wastewa-
ter in irrigation, use of untreated wastewater in agriculture may 
cause serious environmental and public health concern (health 
concern for farmers, who are working in wastewater-irrigated 

fields). Despite this fact, many low-income countries in Africa, 
Asia and Latin America use untreated wastewater as a source 
of irrigation [25]. A brief discussion on the risk associated with 
untreated wastewater use has been described in [2]. If 100% of 
the treated wastewater is discharged to land, we will need mas-
sive storage facilities for wastewater, which may not be feasible 
or affordable. Therefore, treated wastewater needs to be used in 
multiple sectors including irrigation and industrial uses.

Treated Wastewater in Industrial Uses
Treated wastewater reuse in industrial activities is another ap-
plication that does not require drinking water quality [13]. The 
suitability of reclaimed wastewater use in industrial activities 
depends on the particular purpose, and accordingly different pu-
rification grades are required. Some of the industries that can 
benefit from wastewater reuse include manufacturing, power 
generation, textile, drilling. Industrial activities receiving treated 
wastewater include equipment cleaning (vehicle washing), rins-
ing operations, boiler feedwater, certain stages of production. It 
is also used for cooling purposes in thermal power plants, toilet 
flushes, firefighting and building construction activities [2].

Treated Wastewater in Replenishing Groundwater Aquifers
Treated wastewater is used to replenish depleted and overex-
ploited groundwater aquifers by injecting it into the ground. In 
coastal areas, it is used to recharge groundwater aquifers to pre-
vent the intrusion of saltwater, which occurs when groundwater 
has been over pumped [26]. This process of injecting wastewater 
into an aquifer acts as a source of artificial recharge to augment 
existing water supplies. This can be considered as one of the sus-
tainable water management strategies, especially in dry regions 
facing water scarcity.

Treated Wastewater in Potable Water Supply
In some countries including Singapore, Australia and Namibia, 
and some states in USA such as California, Virginia and New 
Mexico, purified wastewater is added to the potable water sup-
ply directly [26]. However, this is a very rare practice [27]. Most 
successful projects are non-potable wastewater reuse schemes 

1 Maori people of a particular locality, or as a whole are the native inhabitants of New Zealand.
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- where purified water is placed into an environmental buffer 
before entering a drinking water distribution system [27]. Recy-
cled water that ends up in drinking water would have to undergo 
extensive and thorough purification.

Treated Wastewater Disposal to Waterways
In many parts of world, treated wastewater is discharged to wa-
terways. For example, in Marton, a town in Rangitikei District 
Council (RDC), currently treated wastewater is discharged into 
Tutaenui Stream, which in summer is primarily treated waste-
water due to its lowered flows. Recycled water discharge into 
waterways replenishes sensitive ecosystems where wildlife, fish 
and plants are left vulnerable when water is diverted for urban or 
rural needs [26]. Treated wastewater disposal to waterways has 
positive implications, while untreated wastewater disposal to 
waterways is associated with a number of environmental prob-
lems. Therefore, it is a frequent topic of conversation, which 
isn’t positive. For example, in New Zealand, Tangata whenua  
advocate for wastewater not to enter surface water. Neverthe-
less, in many countries’ wastewater is directly discharged to riv-
ers/streams without treatment. For example, in India, currently 
only 37.6% of the urban wastewater is getting treated [28]. In 
Nepal, almost all wastewater is discharged to rivers without any 
treatment. Releasing wastewater in rivers, agriculture land, and 
soils without any treatment has detrimental effects on waterways 
and public health [2]. Use of treated wastewater can play a vi-
tal role to combat water scarcity. However, in New Zealand in-
cluding in RDC, almost all treated wastewater goes to the ocean 
and rivers without any productive use. There is anecdotal evi-
dence and some historic records of high inflow/infiltration (I/I) 
in a number of the wastewater networks in RDC [29]. Several 
networks have capacity constraints in localised areas that have 

resulted in historic wastewater spilling and overflows during 
high rainfall events. Existing wastewater networks are too old, 
thus limiting their capacity and performance for safe passage of 
wastewater from a property to a discharge point [30]. For exam-
ple, in Marton of RDC, the oldest parts of the network were built 
around 1910. In another town Bulls of the RDC, the oldest parts 
of the network were built in 1974. Existing wastewater treatment 
plants in both towns have reached their economic and operation-
al life expectancy and need upgrading as they are ineffective in 
producing treated wastewater to meet the requirements. Evalu-
ation of existing wastewater networks and investigation of op-
tions to utilise treated wastewater can contribute to wastewater 
management [31].

Therefore, RDC aims to quantify I/I and utilise wastewater in 
irrigation to reduce wastewater treatment load. This approach 
can potentially save water for other users, including irrigation. 
In the same vein, this paper aims at addressing two objectives: i) 
investigating the impact of soils on I&I under wet weather and 
dry weather conditions;  ii) estimating the spatio-temporal vari-
ability of inflow/infiltration (I/I) in total wastewater (wastewater 
and excess groundwater/rainwater). Findings from the study will 
eventually contribute towards sustainable wastewater manage-
ment in New Zealand and beyond. 

Methodologies
Study area
To cover different soils, wastewater flow and rainfall were 
monitored at the entrance of five Wastewater Treatment Plants 
(WWTP) selected from five towns in the Rangitikei District: 
Bulls, Marton, Hunterville, Mangaweka and Taihape (Figure 2).

Figure 2: Study Area (Rangitikei District and Its Five Towns Used For The Study)

Instrument Set-Up for Wastewater Depth and Flow Rate 
Calculation
Asset Monitoring Ltd, Waihi Beach, New Zealand was engaged 
to monitor in-pipe depth, velocity and quantity for each flow 
monitoring location. Height/Velocity/Quantity (HQV) “in-pipe” 
flow monitoring methodology was adopted for the study. Figure 
3 shows the instrumental set-up adopted. Required instruments 
were prepared in three steps as explained below:
Step 1: One open channel “in-pipe” flow gauges (flow meter) 

with pressure and velocity sensors was mounted on a poly band 
and prepared a circular shape to suit the pipe diameter.

Step 2: The “in-pipe” flow gauge was installed in the incoming 
mains (inlet into a manhole), positioning as close as possible to 
the pipe invert. The flow gauge was installed in such a way that 
the sensor could be used also for manual calibration. 
Step 3: The “in-pipe” flow gauge was connected with a logger 
to record flow data.
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Figure 3: Instrumental set-up adopted to calculate water depth and flow rate

The flows were recorded every five minutes. All monitors were 
pre-calibrated, and bench tested prior to installation. In addi-
tion, manual calibrations for depth and velocity were conducted 
during the monitoring period at different flow regimes for data 
accuracy.

Instrument Set-Up for Rainfall Monitoring
Rainfall was monitored by installing tipping bucket rain gaug-
es in each town (Figure 4). Rainfall was recorded at every two 
minutes interval.

Figure 4: Instrumental set-up for rainfall monitoring

Separating Total Effluent Flow Into Distinct Components
The methodology recommended by the Environmental Protec-
tion Agency (EPA) and the Massachusetts Department of En-
vironmental Protection was adopted to divide the total effluent 
flow in four distinct components: i) sanitary flow; ii) ground-
water infiltration; iii) directly discharged rainwater; iv) rain-in-
duced infiltration. These four components have been defined as 
below:
Sanitary flow: The difference between the total Dry Weather 
Flow (DWF) and the night flow (0 and 6 A.M.) for the same 
period. The DWF is defined as the wastewater when there are 
no rainfall events which consist of groundwater infiltration and 
sanitary flow. Groundwater infiltration (GWI): 80% of the night 
flow (0 and 6 A.M. during dry weather) when sanitary flow is 
negligible, considering 20% industrial wastewater.

Direct rainwater flow (DRF): Flows that enter the network 
when a rainfall event begins and ends when the rain stops.
Rain-induced infiltration: Flows during the instant when the 
rainfall event ends until it reaches to DWF again.

Results and Inference
Identifying dry and wet periods 
Dry Weather Periods (DWP) and Wet Weather Periods (WWP) 
were investigated by analysing rainfall events. The period pre-
ceded by 3 days without rainfall was termed as DWP while the 
period with a rainfall event was termed as WWP. Figure 5 shows 
DWP and WWP for Marton. Wastewater flows measured during 
those periods were analysed.
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Figure 5: Dry and Wet Periods in Marton

Quantifying Four Distinct Components of Total Effluent 
Flow 

The wastewater flow and rainfall hydrograph in Figure 6 give a 
schematic representation of four distinct components of the total 
effluent flow in Marton.

Figure 6: Wastewater Flow and Rainfall Hydrograph in Marton

As it can be seen in Figure 7, only 14% of the total wastewater 
(TW) comprises of sewer wastewater (SF); 10% is contributed 
by rain induced infiltration (RII), around 25% is contributed by 

the groundwater infiltration (GWI), and almost 50% is contrib-
uted by direct rainwater inflow (DRW).

Figure 7: Four distinct components of the total effluent flow in marton and bulls

Impact of Soil Saturation on Dry Weather Flow (DWF)
Average hourly DWF was plotted for two dry periods against the 
data measured in Marton and Bulls (Figure 8). DWF for the first 
period has been represented as DWF I and that for the second 
period is represented as DWF II. There was higher rainfall pre-

ceding DWF II compared to DWF I. Therefore, for both towns, 
DWF II is larger (11%) than DWF I, due to the saturation of the 
soil causing more infiltration in the DWF II period. This implies, 
the higher the soil saturation, the higher will be the groundwater 
infiltration.
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Figure 8: Average hourly dwf for two dry periods in marton and bulls

Impact of Soil Types on DWF
Figure 9 shows the wastewater networks and soil types around 
the wastewater networks in Marton and Bulls. As it can be seen, 

in Marton soil around the wastewater network is draining, while 
in Bulls it is well-draining or poorly draining.

Figure 9: Soil Types Around Wastewater Network in Marton and Bulls

The soil types have a clear impact on wastewater flow after rain-
fall (Figure 10). Compared to Bull, the soil in Marton is more 

clayey with low permeability thus releases water slowly. There-
fore, wastewater after rain drops slowly.

Figure 10: Wastewater Flow in Marton and Bulls After Rain Event

Conclusions
Based on the results the following conclusions have been drawn:
•	 Soil saturation plays a key role in groundwater infiltration, 

the higher the soil saturation, the higher will be the ground-
water infiltration;

•	 During studied rain time, only 14% is domestic wastewater, 
and the remaining 86% were undesirable volumes. Of these, 
25% were infiltration flows, and 61% were rainwater flows;

•	 Findings are in line with the findings by Isabel et al. (2022) 
who found 15% domestic wastewater, and the remaining 
85% undesirable volumes, during studied rain time.

References
1.	 Lofrano, G., & Brown, J. (2010). Wastewater manage-

ment through the ages: A history of mankind. Science of 
the Total Environment, 408(22), 5254–5264. https://doi.
org/10.1016/j.scitotenv.2010.07.062 

2.	 Kesari, K. K., Soni, R., Jamal, Q. M. S., Tripathi, P., Lal, 
J. A., Jha, N. K., Siddiqui, M. H., Kumar, P., Tripathi, V., 
& Ruokolainen, J. (2021). Wastewater treatment and reuse: 
A review of its applications and health implications. Water, 
Air, & Soil Pollution, 232, 1–28.

3.	 Tsagarakis, K. P., Tsoumanis, P., Chartzoulakis, K., & Ange-
lakis, A. N. (2001). Water resources status including waste-
water treatment and reuse in Greece. Water International, 
26, 252–258.

4.	 City of Cape Town. (2007). Water services development 
plan 2007/2008. http://www.capetown.gov.za/en/Water/Wa-



 

www.mkscienceset.comPage No: 07 J of Agri Earth & Environmental Sciences 2026

terservicesDevPlan/Pages/WaterServDevPlan200708.aspx 
5.	 Global Water Intelligence. (2009). PUB study: Perspectives 

of water reuse. GWI Publishing.
6.	 Kenny, J. F., Barber, N. L., Hutson, S. S., Linsey, K. S., 

Lovelace, J. K., & Maupin, M. A. (2009). Estimated use 
of water in the United States in 2005 (Circular 1344). U.S. 
Geological Survey.

7.	 Adewumi, J. R., Ilemobade, A. A., & Van Zyl, J. E. (2010). 
Treated wastewater reuse in South Africa: Overview, po-
tential and challenges. Resources, Conservation and Recy-
cling, 55(2), 221–231.

8.	 Frontistis, Z., Xekoukoulotakis, N. P., Hapeshi, E., Venieri, 
D., Fatta-Kassinos, D., & Mantzavinos, D. (2011). Fast deg-
radation of estrogen hormones in environmental matrices 
by photo-Fenton oxidation under simulated solar radiation. 
Chemical Engineering Journal, 178(15), 175–182.

9.	 Jindal, A., & Kamat, S. (2011). Water recycling and reuse 
for domestic and industrial sectors. Chemical Engineering 
World, 52–62.

10.	 State Water Resources Control Board. (2011). Order No. 
R3-2011-0222: Waste discharge requirements NPDES gen-
eral permit for discharges of highly treated groundwater to 
surface waters (NPDES No. CAG993002).

11.	 European Environment Agency. (2018). Water use by sec-
tors. https://www.eea.europa.eu/themes/water/water-re-
sources/water-use-by-sectors 

12.	 GHD. (2020). The New Zealand wastewater sector report 
prepared for Ministry for the Environment (pp. 19–23). 
Ministry for the Environment.

13.	 Gutterres, M., & de Aquim, P. M. (2012). Wastewater reuse 
focused on industrial applications. In Wastewater reuse and 
management (pp. 127–164). Springer Netherlands.

14.	 Angelakis, A., & Snyder, S. (2015). Wastewater treatment 
and reuse: Past, present, and future. Water, 7, 87–95. https://
doi.org/10.3390/w7010087 

15.	 Bixio, D., Thoeye, C., De Koning, J., Joksimovic, D., Sav-
ic, D., Wintgens, T., & Melin, T. (2006). Wastewater reuse 
in Europe. Desalination, 187(1–3), 89–101. https://doi.
org/10.1016/j.desal.2005.04.070 

16.	 Shen, Y., Oki, T., Kanae, S., Hanasaki, N., Utsumi, N., & 
Kiguchi, M. (2014). Projection of future world water re-
sources under SRES scenarios: An integrated assessment. 
Hydrological Sciences Journal, 59, 1775–1793. https://doi.
org/10.1080/02626667.2013.842074 

17.	 Al-Nakshabandi, G. A., Saqqar, M. M., Shatanawi, M. R., 
Fayyad, M., & Al-Horani, H. (1997). Some environmental 
problems associated with the use of treated wastewater for 
irrigation in Jordan. Agricultural Water Management, 34, 
81–94. https://doi.org/10.1016/S0378-3774(96)01287-5 

18.	 Qadir, M., Wichelns, D., Raschid-Sally, L., McCornick, 
P. G., Drechsel, P., Bahri, A., & Minhas, P. S. (2010). The 
challenges of wastewater irrigation in developing countries. 
Agricultural Water Management, 97, 561–568. https://doi.
org/10.1016/j.agwat.2008.11.004 

19.	 Sato, T., Qadir, M., Yamamoto, S., Endo, T., & Zahoor, A. 
(2013). Global, regional, and country level need for data 
on wastewater generation, treatment, and use. Agricultural 
Water Management, 130, 1–13. https://doi.org/10.1016/j.

agwat.2013.08.007 
20.	 Balkhair, K. S. (2016a). Microbial contamination of vege-

table crop and soil profile in arid regions under controlled 
application of domestic wastewater. Saudi Journal of Bio-
logical Sciences, 23(1), S83–S92. https://doi.org/10.1016/j.
sjbs.2015.09.029

21.	 Balkhair, K. S. (2016b). Impact of treated wastewater on 
soil hydraulic properties and vegetable crop under irrigation 
with treated wastewater, field study and statistical analysis. 
Journal of Environmental Biology, 37(5), 1143–1152.

22.	 Contreras, J. D., Meza, R., Siebe, C., Rodríguez-Dozal, 
S., López-Vidal, Y. A., Castillo-Rojas, G., Amieva, R. I., 
Solano-Galvez, S. G., Mazari-Hiriart, M., Silva-Magana, 
M. A., Vazquez-Salvador, N., Perez, I. R., Romero, L. M., 
Cortez, E. S., Riojas-Rodríguez, H., & Eisenberg, J. N. S. 
(2017). Health risks from exposure to untreated wastewa-
ter used for irrigation in the Mezquital Valley, Mexico: A 
25-year update. Water Research, 123, 834–850. https://doi.
org/10.1016/j.watres.2017.07.035 

23.	 Mahfooz, Y., Yasar, A., Guijian, L., Islam, Q. U., Akhtar, A. 
B. T., Rasheed, R., Irshad, S., & Naeem, U. (2020). Critical 
risk analysis of metals toxicity in wastewater irrigated soil 
and crops: A study of a semi-arid developing region. Sci-
entific Reports, 10, 12845. https://doi.org/10.1038/s41598-
020-69616-w 

24.	 Mahmood, A., & Malik, R. N. (2014). Human health risk 
assessment of heavy metals via consumption of contami-
nated vegetables collected from different irrigation sources 
in Lahore, Pakistan. Arabian Journal of Chemistry, 7(1), 
91–99. https://doi.org/10.1016/j.arabjc.2013.11.002 

25.	 Jiménez, B., & Asano, T. (2008). Water reclamation and re-
use around the world. In B. Jiménez & T. Asano (Eds.), Wa-
ter reuse: An international survey of current practice, issues 
and needs (pp. 3–26). IWA Publishing.

26.	 Ghernaout, D. (2018). Increasing trends towards drinking 
water reclamation from treated wastewater. World Journal 
of Applied Chemistry, 3(1), 1–9. https://doi.org/10.11648/j.
wjac.20180301.11 

27.	 Duong, K., & Saphores, J. D. M. (2015). Obstacles to waste-
water reuse: An overview. Wiley Interdisciplinary Reviews: 
Water, 2(3), 199–214. https://doi.org/10.1002/wat2.1074 

28.	 Singh, A., Sawant, M., Kamble, S. J., Herlekar, M., Starkl, 
M., Aymerich, E., & Kazmi, A. (2019). Performance eval-
uation of a decentralized wastewater treatment system in 
India. Environmental Science and Pollution Research, 26, 
21172–21188. https://doi.org/10.1007/s11356-019-05486-5  

29.	 GHD. (2020). Wastewater masterplanning roadmap pre-
pared by GHD for Rangitikei District Council. Rangitikei 
District Council.

30.	 Roozbahani, A. (2021). Application of Bayesian networks 
modelling in wastewater management. In Soft computing 
techniques in solid waste and wastewater management (pp. 
111–130). Elsevier. https://doi.org/10.1016/B978-0-12-
824463-4.00006-4 

31.	 Environmental Protection Agency. (2014). Guide for es-
timating infiltration and inflow. U.S. Environmental Pro-
tection Agency. https://www3.epa.gov/region1/sso/pdfs/
Guide4EstimatingInfiltrationInflow.pdf 

Copyright: ©2026 KC, Birendra, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


