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1. Introduction 
The Woodville WWTP is interested in determining the possible rate of application of effluent onto land 
under two scenarios; 4 months over summer, and all year around.   

To do this, an understanding is required of the climate of the site, and particularly the water balance and 
periods of moisture deficit and saturation which are detailed below. 

2. Climate 
Determining how much water is available naturally, as a result of the climate, is the first step when 
considering either irrigation or runoff management.  Once this amount of water has been quantified, the 
depth of irrigation or soakage possible, and its temporal distribution, can be more accurately defined.  
Quantification of both inputs and outputs of moisture from the system (rainfall and potential 
evapotranspiration) are therefore required, as is the amount of water that can be stored within the soil.  
Understanding the amount and distribution of water which is held in the soil is therefore critical for 
efficient and effective effluent irrigation or runoff management.   

2.1. Climate Data 
Rainfall data were obtained from Waipuna, Woodville; a site in the national climatological 
archive which provides daily rainfall totals from 1924 to 2017 (Figure 2.1).  Although this rainfall 
station is no longer operating, the long record (93 years) allows robust estimates of the likely 
variability of rainfall; both seasonally and annually (Table 2.1).  This rainfall station is 
approximately 500m to the southwest of the study location (Figure 2.1).   

 
Figure 2.1 Location of the study site and climate stations. 

Potential evapotranspiration data were obtained from Woodville, Ballantrae 1 as well as 
Dannevirke and Palmerston North.  While Ballantrae 1 is the closest site, this record is only 
two years long.  The next two longest records, are from Palmerston North and Dannevirke 
(Figure 2.1 & Table 2.1).  Although these sites are some distance from the study site, potential 
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evapotranspiration has been shown to be relatively uniform across large areas, particularly 
across areas with little topographic or aspect variability.  The assumption of consistent 
evapotranspiration across the study area, given the nature of the terrain and the controls on 
evapotranspiration, is not considered a major constraint on the reliability of the analysis 
presented below. 

Because of the location of the Woodville WTP, and the presence of the Ruahine Ranges, 
evapotranspiration data from Dannevirke was used in preference to that from Palmerston 
North. 

 

Table 2.1 Periods of record for the rainfall and potential evapotranspiration stations. 

TYPE AUTHORITY 
SITE 

NUMBER 
SITE NAME 

RECORD 
START 

RECORD 
END 

LENGTH 

Rainfall NIWA D05381 
Waipuna 
Woodville 

1-Nov-1924 31-Dec-2017 93 years 

PET NIWA D05383 
Woodville, 

Ballantrae 1 
1-Jan-1972 26-Dec-1974 2 years 

PET NIWA E05368 
Palmerston 
North Aws 

28-Oct-1991 9-Feb-2018 27 years 

PET NIWA D06212 Dannevirke 1-Jan-1972 19-Nov-2013 41 years 

PET NIWA D06214 
Dannevirke 

Ews 
15-Jun-2007 9-Feb-2018 11 years 

 

3. Water Balance 
A simple soil moisture balance was used to estimate the availability of water, and therefore the potential 
capacity for irrigation or soakage, within the soils near the project area throughout each month of the 
year.   

Water enters the system as Precipitation (P) and is lost through evapotranspiration and runoff.  Potential 
evapotranspiration (PE) is the maximum amount of water lost to the system (assuming an unlimited 
supply) as a result of solar radiation, wind speed and vapour pressure deficit (McConchie, 2000).  
However, because of limitations to water availability, this maximum is often not achieved.  Actual 
evapotranspiration (AE) therefore is a function of both the PE and water availability, and quantifies the 
actual amount of water lost to the system.   

In the water balance, precipitation is initially used to meet the PE requirements.  If precipitation is 
sufficient, then AE will equal PE.  Any excess water will recharge the soil water storage (ST), or when 
that reaches capacity, become a Surplus (S) and run off.  Water which is stored in the pores of the soil 
is released to the plants and atmosphere when water supply from precipitation is less than the PE.  
However, moisture within the soil may not be sufficient to fully meet PE.  This results in a water deficit 
(D).   

3.1. Available moisture 
Data from the long-term rainfall station at Waipuna Woodville shows a slight seasonal pattern 
to the distribution of median monthly rainfall (Figure 3.1).  June receives on average over 
30mm more rainfall than March.  October has similar rainfall to June.  The months with the 
least rainfall are Jan, Feb and March.  Overall, however, there is only about 25mm difference 
in rainfall about the average i.e. summer has 25mm less rainfall than the average while winter 
has 25mm more. 

Obviously there is considerable annual variation about the median, with some months in ‘dry 
summers’ having no rain.  Any resource consent must provide for situation during months and 
years with rainfall distinctly different to the median ( 

Table 3.1).   
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Figure 3.1 Median monthly rainfall at Waipuna Woodville. 

 

Table 3.1 Median monthly rainfall (mm) at Waipuna Woodville, and median monthly 
evapotranspiration (mm) at Dannevirke. 

 
MEDIAN RAINFALL 

(MM) 

MEDIAN 
EVAPOTRANSPIRATION 

(MM) 

January 91 121 

February 79 94 

March 75 69 

April 92 34 

May 105 11 

June 116 2 

July 113 4 

August 110 20 

September 97 42 

October 118 74 

November 105 96 

December 110 114 

Total 1211 681 

 

3.2. Losses of moisture 
The monthly PE data from the Dannevirke climate station were used to calculate the water 
balance for the study site.  As expected there is a strong seasonal pattern to PE ( 

Table 3.1).  During summer PE tends to be high because of the availability of energy, high 
temperatures and more wind; while during winter PE is low. 

During the median conditions the potential evapotranspiration during December and January 
can average 3.5-4mm/day, while between November and February PE averages 3-3.5mm/day 
( 

Table 3.1).  During winter potential moisture losses average around 0.5mm/day. 
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3.3. Soil moisture storage 
The pores within a soil provide a capacity to store moisture and therefore act as a buffer 
against the natural inputs and losses of moisture which would occur solely as a result of the 
climate. 

The soil’s Profile Readily Available Water content (PRAW) describes the water that can be 
readily absorbed by plant roots without resulting in water deficit stress.  This is generally 
assumed to be the water content difference between field capacity and permanent wilting 
point.  Field capacity describes the maximum amount of water a soil can hold against 
gravitational force.  Wilting point is the moisture content below which plants can no longer 
extract water because of capillary tension.  At this point plants will suffer extreme water stress 
and possibly die.   

For a high level desktop study such as this, the PRAW can be considered a conservative 
measure of the soil’s water storage capacity.  This is because the calculation of PRAW takes 
into account the soil depth, potential rooting depth, and soil moisture properties of the soil.   

The particular land area where this water will be discharged to is currently unknown.  However, 
most of the area surrounding the WWTP in Woodville is classed as ‘moderate or low’ i.e. 
between 25 and 74mm (Figure 3.2).  This is largely a reflection of the classification being a 
function of the potential rooting depth (Newsome et al., 2006).   

The low PRAW soils have only a limited capacity to store moisture.  This would increase the 
frequency of effluent irrigation; although it does not have to have an effect on the total depth 
of effluent that could be applied over the different time periods.   

To provide a realistic, but representative, value of PRAW for use in the water balances, 40mm 
and 60mm were used.   

 

Figure 3.2 Soil profile readily available water (PRAW) for the area surrounding the study 
site.  

A water balance was therefore calculated using the median P and PE rainfall and 
evapotranspiration data but two different soil PRAW values (soil capacity to hold water) (Table 
3.2 and Table 3.3).   
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Table 3.2 Water balance based on the median rainfall and evapotranspiration for a soil 
with a PRAW of 40mm. 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

P 91 79 75 92 105 116 113 110 97 118 105 110 1211 

PE 121 94 69 34 11 2 4 20 42 74 96 114 681 

P-PE -30 -15 6 58 94 114 109 90 55 44 9 -4   

ΔST -30 -6 6 34 0 0 0 0 0 0 0 -4   

ST 6 0 6 40 40 40 40 40 40 40 40 36   

AE 121 100 69 34 11 2 4 20 42 74 96 114   

D 0 9 0 0 0 0 0 0 0 0 0 0 9 

S 0 0 0 24 94 114 109 90 55 44 9 0 539 

 

Table 3.3 Water balance based on the median rainfall and evapotranspiration for a 
soil with a PRAW of 60mm. 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

P 91 79 75 92 105 116 113 110 97 118 105 110 1211 

PE 121 94 69 34 11 2 4 20 42 74 96 114 681 

P-PE -30 -15 6 58 94 114 109 90 55 44 9 -4   

ΔST -30 -15 6 43 0 0 0 0 0 0 0 -4   

ST 26 11 17 60 60 60 60 60 60 60 60 56   

AE 121 94 69 34 11 2 4 20 42 74 96 114   

D 0 0 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 15 94 114 109 90 55 44 9 0 530 

 

The yearly moisture deficit for a PRAW of 40mm during a ‘median’ year is only 9mm, and 
would only require a small amount of irrigation in February (Table 3.2 and Figure 3.4).  
Conversely, yearly moisture deficit for a PRAW of 60mm during an ‘average’ year is 0mm, no 
irrigation of effluent would be required in a ‘median’ year (Figure 3.4 and Table 3.3).  Therefore, 
despite there being no ‘need’ for irrigation because of the moisture held within the soil, the soil 
does have the capacity to ‘store’ additional moisture i.e. effluent.  

 

Figure 3.3 PE, P and D curves for the study location with an average soil storage 
capability of 60mm during an ‘average year’ scenario. 
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Figure 3.4 PE, P and D curves for the study location with an average soil storage 

capability of 60mm during an ‘average year’ scenario. 

4. Empirical moisture loss 
The above water balance is based on the variability of annual rather than monthly rainfall and potential 
evapotranspiration (PET).  Obviously the variability of annual data is significantly less than experienced 
at a monthly level.  Also, while irrigation may not be necessary to sustain plant growth, the soil still has 
a capacity to store additional moisture i.e. effluent.   

To assess the likely effluent irrigation capacity under realistic conditions, the Potential 
Evapotranspiration (PET) data from Dannevirke was reviewed.  It is apparent that PET can reach nearly 
7mm/day.   

5. Irrigation volumes 
To determine the amount of effluent that could be added to the soil, the amount of water that is already 
in the soil was determined day-by-day.  The ‘effective precipitation’ is the difference between the rainfall 
and potential evapotranspiration and is used to determine the potential net loss, or gain of moisture, to 
the soil each day.  Two different soil capacities were modelled, 40mm and 60mm (Section 3.3) as well 
as two different irrigation scenarios; all year round , and ‘summer months’ only.  In this instance, the 
‘summer months’ are December, January, February and March and the ‘water year’ starts at 1-July.  

Figure 5.1 shows the estimated daily amount of effluent irrigation possible over each ‘water year’.   

 

Figure 5.1 Possible effluent irrigation based on daily moisture deficit i.e. P – PE.   
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Figure 5.2 shows the total amount of possible effluent irrigation each summer period (in the record).   

 

Figure 5.2 Possible effluent irrigation assuming summer irrigation only.   

 

Figure 5.3 shows the total amount of possible irrigation each water year.  The minimum is 239mm and 
the maximum is 592mm.  The average is 464mm each water year i.e. July to June.  

 

Figure 5.3 The amount of possible irrigation over each water year. 

Figure 5.4 shows the possible amounts of irrigation in the summer months only.  The minimum is 163mm 
and the maximum is 380mm. The average each summer season is 299mm.  This is about 165mm less 
than if irrigation occurred all year around.   
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Figure 5.4 The amount of possible irrigation over each season.  

 

6. WWTP flows 
There is limited flow data from the Woodville WWTP.  Data are only available from September 2014 to 
March 2015, and therefore, this analysis is indicative only.  Investigation of the 6-months of data 
suggests the average daily flow is 1547m³ with a maximum flow of 4283m³/day.  On average, this 
equates to 564,655m³ annually.   

This can be used to determine the approximate size of the area that needs to be discharged to irrigate 
this volume.  Table 6.1 shows the range areas needed for all scenarios and both soil capacities.   

Table 6.1  Discharge areas (ha) for the different scenarios modelled. 

ANNUAL IRRIGATION 
POTENTIAL  

ALL YEAR SUMMER ONLY 

Irrigation (mm) Area (ha) Irrigation (mm) Area (ha) 

Minimum 239 236 163 346 

Maximum 592 95 380 149 

Average 464 122 299 189 

 

7. Storage 
The analysis above shows that the area of land needed for the WWTP discharge.  It is possible that 
storage could be installed, reducing the amount of land needed.  The approximate size of storage 
needed can be determined from the average flow (1547m³/day) and a maximum number of 167days 
when discharge is not possible (because of high soil moisture levels meaning no effluent irrigation can 
take place).  The storage needs to be at least 258,400m³ for the ‘annual’ scenario, and at least 13,950m³ 
for the ‘summer’ scenario (not counting the eight months over winter when storage will be required).   

 

8. Discussion 

8.1. Water balance 
The above water balance assumes soils with low to moderate storage potential.  There is a 
9mm deficit in February under the 40mm modelled scenario, and no deficit under the 60mm 
scenario.  At this location therefore, the soil provides sufficient storage to buffer and balance 
precipitation and potential evapotranspiration.  While irrigation is not required (in an average 
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year) to sustain crop growth, the soils still have the potential to absorb effluent for subsequent 
evaporation.  

8.2. Discharge to land 
Analysis suggests that between 95 and 346ha are needed to discharge the flows from the 
Woodville WWTP to land under average conditions.  If the flows are only discharged during 
summer, and using the average flow rate from the Plant, then just under 189ha would be 
required under average conditions.   

8.3. Storage 
High level analysis suggests that between 13,950m³ and 258,400m³ of storage is required to 
buffer effluent discharge from the WWTP over either the ‘summer months’ or ‘annual’ 
scenarios respectively.    
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