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A. INTRODUCTION 

Qualification and Experience 

1. My full name is Timothy Michael Baker. I am employed by Jacobs New Zealand 

Ltd, an engineering and environmental consulting firm. I am contracted to provide 

groundwater expertise on resource consent application APP-2010014267.02 to 

the Manawatu-Wanganui Regional Council (MWRC). I hold a Master of Science 

Degree with Honours in Physical Geography from Victoria University of 

Wellington. 

2. I have 18 years’ experience in groundwater resource management. I have 

previously held the roles of Groundwater Scientist with the Wellington Regional 

Council and Hydrogeologist for Engineering Consultancies based in the UK. I am 

currently a Senior Associate Hydrogeologist based in Wellington.  

3. I have relevant experience in the assessment of impacts on groundwater in 

relation to discharges of wastewater and effluent to land. Experience relevant to 

this application includes assessment of effects and/or consent authority review 

for the Levin, Foxton, Pahiatua, Eketāhuna and Feilding Wastewater Treatment 

Plants (WWTP), Fonterra Pahiatua discharges to land, Carterton and Masterton 

WWTP Discharges to Land and several small community wastewater treatment 

systems. 

Code of Conduct  

4. While this is not a hearing before the Environment Court, I can confirm that I have 

read and agree to comply with the Code of Conduct for Expert Witnesses 

produced by the Environment Court and have prepared my evidence in 

accordance with those rules. My qualifications as an expert are set out above. 

5. I confirm that the issues addressed in this brief of evidence are within my area of 

expertise. 

6. I have not omitted to consider material facts known to me that might alter or 

detract from the opinions expressed 



 

Section 42A Report – Technical Hearing Report  
APP-2010014267.02    
Prepared by Timothy Baker 
19 April 2021 

 

3 

 

 

Scope of Report 

7. Tararua District Council (“The Applicant”) has applied for permits to discharge 

tertiary treated wastewater from the Woodville WWTP through a constructed 

wetland into the Manga-atua Stream. The discharge to land is from land 

application of both wastewater (via treatment wetlands) and pond leakage.  

8. The current WWTP comprises a primary screening facility, four ponds (two 

oxidation ponds and two smaller maturation ponds) and a tertiary treatment plant 

containing chemical dosing tanks, a lamella clarifier, drum filter and UV unit. A 

lined pond containing a tephra filter is also onsite. 

9. Tertiary treated wastewater currently discharges into a small tributary of the 

Manga-atua Stream, before flowing into the main stem some 230 m south of the 

main oxidation ponds.  

10. The main change proposed in this application is the addition of a treatment 

wetland between the current outfall and the Manga-atua Stream. The wetland 

would then discharge directly into the main stem of the stream, rather than the 

current discharge into the tributary.   

11. This technical evidence is restricted to the potential effects of the wastewater 

discharge on groundwater.  

B. DESCRIPTION OF THE ACTIVITY AND WWTP 

12. The Woodville WWTP currently receives a mean inflow of 1,720 m3/d (628,019 

m3/y). The application seeks to discharge a 12-month rolling median daily flow of 

2,000 m3/day and 95%ile of 4,300 m3/day (WSP, 2018 A). 

13. The key change to the WWTP included in this application (and relevant to effects 

on groundwater) is the addition of a treatment wetland after Pond 4 that will then 

discharge directly to the Manga-atua Stream. A 3-bay wetland is proposed, 

comprising of a lined Vertical Flow Wetland, a lined Surface Flow Wetland and 

finally an unlined Biodiversity Wetland. The purpose of the wetland is to add 

further treatment efficacy, in particular for Ammoniacal-nitrogen and Total 

Suspended Solids. 
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14. The two main oxidation ponds (Ponds 1 and 2) were constructed circa 1971. 

These were supplemented in circa 2013 by two additional maturation ponds 

(Ponds 3 and 4).  Pond 1 was relined with clay in 2008 and Pond 2 with a HDPE 

liner in 2013. The two maturations ponds (3 and 4) are clay lined.  

15. The layout of the ponds, along with the current discharge points and location of 

the proposed wetland are shown on Figure 1 below. 

 

Figure 1: General Site Layout 

16. In 2016 the liner of Pond 2 ‘whaled’ because of water or gas lifting the HDPE liner 

above the surface of the pond. To rectify this, the liner was removed and drainage 

was installed underneath. The under-drainage system passes through a manhole 

sump, before discharging into a swale draining to the un-named tributary.  

17. Nutrients are the key contaminants in terms of the potential for the wastewater to 

affect groundwater quality. Analysis of the monitoring data presented by the 

Applicant (WSP, 2018 A) shows average concentrations and loads from 

wastewater to the site is: 
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18. A water balance completed by WSP in 2018 (WSP, 2018 B) and repeated in 2021 

(WSP, 2021 A) has been used to assess leakage from the ponds. The results 

between the two are conflicting, and suggest: 

a. For the period assessed in 2018, there was a net gain of water within the 

treatment plant ponds, and it was concluded that therefore there was no loss 

of wastewater from the ponds. This was caveated however with some notes 

around the quality of data, and appropriateness of the evapotranspiration data 

used. 

b. For the 2020/1 assessment, it was concluded that over a ~3.5 month period, 

there was a net cumulative loss of water within the treatment plant ponds i.e. 

greater outflow than inflow. WSP state that this is consistent with high 

evaporation rates typical of summer and does not indicate the potential for 

leakage from the ponds. This statement is qualified by WSP by stating that 

there are no unquantifiable losses that need to be explained by leakage from 

the ponds. I note that the 2020/1 assessment did not factor evaporation into 

the calculations. 

C. RECEIVING ENVIRONMENT 

  General Setting 

19. The site location is described in Section 3 of the AEE.  The area is rural and is 

located approximately 1.2 km southwest of Woodville. 

20. The local and regional geological setting is best described in the WSP Additional 

Information Request (WSP, 2021 A) and is summarised as background in the 

following paragraphs.  

21. Woodville is located within the Pahiatua Basin, which is bound by the Tararua 

and Ruahine Ranges to the west and the Waewaepa and Puketoi ranges to the 

east. The topography of the wider basin floor, including at the WWTP, is 

characterised by a broad alluvial plain, gently sloping to the southwest.  
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22. Mangapapa Stream lies adjacent to, and west of, the WWTP (Figure 1). The 

stream is at a similar elevation to the WWTP ponds and approximately 30 m from 

Pond 3. To the north of Ponds 2 and 3, and south of the railway, the land is 

generally level and at a slightly higher elevation than that of the ponds (WSP, 

2021 A).    

23. WSP (2021 A) observed that along the northern, eastern and southern sides of 

Pond 1, a drainage channel has been dug.  This is up to 1 m wide and 2 m deep 

and abuts the pond bunds. This drain converges with other potential overland 

flows paths to the south of the WWTP and discharges via a single channel to the 

Manga-atua Stream. 

  Geological Conditions 

24. Locally, two primary geological units are present; the low-lying basin is infilled 

with alluvial river deposits, while the adjacent ranges are comprised of blue-grey 

mudstone with alternating sandstone beds or greywacke bedrock.   

25. The geology of the site has been described based on data collected during 

intrusive investigations carried out by WSP in summer 2020/21. Alluvial soils 

were identified from exposures in the drainage channel to the east of the ponds. 

The soils were predominantly fine-grained clays and silts, with some rounded 

gravel. An approximately 1 m thick layer of brown silt, which is potentially loess, 

was identified at the ground surface.  

26. Intrusive investigations in the wider area of the WWTP confirmed the presence 

of predominantly fine-grained alluvial deposits to ≥5.0m depth. These 

investigations indicate that the soils are predominantly comprised of silt and clay, 

with a few layers consisting of gravel and sand. Given that bedrock was not 

identified in the intrusive investigation, WSP concluded that the base of the ponds 

must be founded within alluvial deposits.  

  Groundwater Conditions 

27. Evidence of a shallow groundwater system was observed within the wider area 

of the WWTP. Seepages were identified in the drainage channel adjacent to the 

WWTP. Within this drainage channel, a clay exposure was wet from groundwater 
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seepage rather than surface flow. Groundwater is likely to seep from open faces 

at the interface with the underlying and low permeability clay. The groundwater 

seepage was approximately 2 m below ground level and is likely to interact with 

the open channels to the north, east and south of the WWTP. Given the 

interbedded nature of the alluvial deposits, it is likely that there is a lens of 

perched groundwater across the site.     

28. WSP (2021 A) also noted that the south-east of the WWTP contains a large 

boggy area with occasional pools of water. This area is characterised by 

waterlogged soil and abundant swamp vegetation.  This indicates impeded 

drainage, and that the water table may on occasion be at the ground surface. 

 

 Figure 2: Borehole Locations 

29. Boreholes were drilled in early 2021 to provide groundwater level and quality 

data. A total of 5 monitoring wells were installed to depths of 5 m (BH1,2,3, 5) 
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and 7.5 m (BH4).  All wells were screened from 1 m below ground level (bgl) to 

the base. 

30. A first round of groundwater level data was provided in the WSP Investigation 

Report (WSP, 2021 A). There were taken in Feb 2021 and are likely to represent 

summer low groundwater levels. The results are presented below: 

 

31. No piezometric map was presented, however the data presented above show a 

general hydraulic gradient from the ponds south to the Manga-atua Stream (N-

S). 

32. Pressure transducers were then installed for a 3-week period from 25 February 

to 15 March 2021 to record continuous groundwater levels in Bores 2-5 (it is not 

clear why Bore 1 was not monitored). The results presented in the Investigation 

report (WSP, 2021 A) indicate that Bores 4 and 5 respond to rainfall events 

(perhaps influenced by the drains) whereas Bores 2 and 3 did not respond to 

rainfall.  

33. Slug tests (falling head only) were carried out to assess hydraulic conductivity of 

the geology in which the bores are screened.  The results provided a range of 

hydraulic conductivity (K) values between 1.3 x 10-6 to 8.2 x 10-9 m/s. Apart from 

Bore 3 which appears to be uncharacteristically high and Bore 5 which appears 

‘low’, the data are reasonably consistent. WSP (2021 A) state that these values 

are consistent with conductivities typically measured in stratified silt and sand 

deposits. I agree with this statement. 

34. A single round of water quality sampling was also undertaken in February 2021 

from the 5 bores and 3 surface water sites (SW3, SW4 and SW6). Select analysis 

of the results indicate that:  
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a. Ammoniacal nitrogen is elevated (>1.0 mg/L) in Bores 2-5 (Bore 4 is 4.2 

mg/L and Bore 5 is 5.4 mg/L) 

b. Total phosphorus is elevated (>0.1 mg/L) in Bores 2-5 (Bore 3 is 0.75 

mg/L and Bore 4 0.55 mg/L)  

c. Faecal coliforms are present in Bores 3-5 with counts of 110, 1,000 and 

27 cfu/100 ml respectively. 

d. Nitrite-nitrogen was elevated (1.07 mg/L) in SW3, consistent with the 

location of SW3 being immediately downstream of the WWTP discharge.    

e. Ammoniacal nitrogen was elevated (1.28 mg/L) in SW4. This is in the 

Pond 1 perimeter drain, and could indicate some WW influence on the 

drain.  

f. Faecal coliforms were elevated at SW 1-3 locations being 450, 320 and 

3,500 cfu/100 ml.    

35. No assessment of neighbouring bores was presented in the AEE. I have reviewed 

the Horizons Regional Council online borehole database and it shows two bores 

downgradient of the Ponds. There are 338077 (348 m south east) and 338126 

(420 m south). There are no well depths listed on the online viewer for these 

wells. However, I note that both wells are on the opposite side of the Manga-atua 

tributary, so unlikely to be in hydraulic connection with shallow groundwater 

downgradient of the ponds.  

D. EFFECTS OF THE WASTEWATER DISCHARGE ON 
GROUNDWATER 

36. Assessing the effects on groundwater is difficult given that the monitoring wells 

have only been recently installed and only a single round of groundwater quality 

data exists. 

37. The AEE has not provided an assessment of what losses could occur from the 

proposed treatment wetlands. This should have been included in the AEE.  

However, I acknowledge that a properly constructed and functioning wetland 

should have a net benefit on losses to groundwater, and ultimately the stream. 

38. The main issue not adequately addressed by the AEE or subsequent technical 

assessment is that of the source of the poor water quality observed in BH4 and 
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BH5 (elevated ammoniacal nitrogen and faecal coliforms). WSP (20201 A) 

conclude that the source is losses from the final effluent drain to groundwater, 

and then infer that the groundwater quality would improve when the effluent 

discharge goes via the proposed wetlands, rather than the current drain. 

39. In my opinion, it is not clear the assessment provided evidence that the effluent 

drain is the source of nitrogen and bacteria to the groundwater. It could be 

leakage from the ponds. 

40. The 2018 water balance found a net gain into the ponds and put it down to 

erroneous data and uncertainty. The 2020/21 report found that there was a net 

loss from the ponds, however concluded it was due to evaporation. In my opinion 

both assessments have so much uncertainty and caveats that they cannot be 

used to conclude anything. 

41. Looking at the results of the single round of sampling, it is noted that BH4 and 

BH5 have higher concentrations of ammoniacal-nitrogen than in the treated 

WWTP discharge, and BH4 has higher faecal coliforms. This could indicate that 

the source is more likely the poorer quality untreated wastewater leaking from the 

ponds.  

42. Leakage from unlined ponds is not unusual and can be upward to 10 to 15% of 

inflow based on my experience of other WWTP in the Horizons area, however 

HDPE lined ponds should have no to minimal leakage and clay lined ponds, 

minimal leakage. Further assessment is required by the Application to determine 

whether pond leakage is occurring at this site, and what the effects of it are (i.e. 

it needs quantifying properly). 

43. Given the ponds were ruled out as a source of contaminants to groundwater, no 

estimates of mass flux from the groundwater to the stream are provided within 

the application so I am unable to assess whether this current loss has the 

potential to affect the stream.  
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E. RECOMMENDATIONS 

Outstanding Questions 

44. Given that the geological and hydrological investigation report was only provided 

to Horizons in March 2021, there remain several questions/further information 

that I would like addressed prior to granting of a consent, or at the very least, 

incorporated into consent conditions. They are: 

a. Evidence that the groundwater contamination observed in BH4 and BH5 is a 

result of losses from the treated WWTP effluent drains as opposed to pond 

leakage 

b. Evidence of the degree of pond leakage (if any) through a robust water 

balance process, and monitoring of the underdrainage from Pond 1 

c. Whether water quality results indicate any losses along the length of the drain 

adjacent to Pond 1 

Groundwater Monitoring Consent Conditions 

45. The recently installed bores should be retained as part of the future long-term 

monitoring programme, these are: BH1, BH2, BH3, BH4 and BH5.  

46. In addition, I would recommend that the manhole accessing the outflow of the 

underdrainage of Pond 2 is added to the list of monitoring locations. This site 

would provide an early indication of whether Pond 2 is leaking. Its inclusion is 

good practice for the operation of any WWTP Pond with underdrainage.   

47. The analytical suite for all sites should comprise: 

a. Field measurement of static water level, dissolved oxygen and electrical 

conductivity, pH 

b. Laboratory analysis of chloride, ammoniacal nitrogen, nitrate nitrogen, nitrite 

nitrogen, total nitrogen, total phosphorus, dissolved reactive phosphorus, E. 

coli, and biological oxygen demand. 

48. Sampling frequency should be quarterly. 
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49. Sampling should be completed in accordance with an accepted industry 

standard, such as the National Environmental Monitoring Standard (NEMS) or 

the National Groundwater Sampling Protocol. 

50. Given the uncertainly around pond losses, a condition requiring the Applicant to 

provide a water balance assessment with each annual monitoring report should 

be included.  

F. CONCLUSIONS 

51. Groundwater at the site flows from the north to the south, i.e. toward Manga-atua 

Stream. Groundwater has been found to be shallow (less than 1.5 m bgl) and is 

present in unconfined alluvium. 

52. Recent groundwater quality sampling indicates the presence of typical 

wastewater contaminants (faecal coliforms and ammoniacal nitrogen) at elevated 

concentrations downgradient of the WWTP Ponds. Given the limited data record 

(only one round of sampling) it remains unclear whether the source of this 

contamination is from pond leakage or losses from the treated effluent drain. 

53. Ideally, the Applicant should have collected more than one round of data prior to 

the consent application (or in this case prior to the hearing).  However, a 

pragmatic approach may be to incorporate a robust monitoring framework into 

the consent conditions that provides useful data that can be used to draw 

conclusions in annual monitoring reports.  An adaptive response framework could 

allow for the mitigation of any effects observed from this data. Such a response 

may include: 

a. An annual assessment of pond leakage. Pond leakage calculation will always 

have some degree of uncertainty, but with lined ponds should be <5%.  If 

pond leakage is higher than this, then the Applicant should assess options to 

address the leakage issues. 

b. Annual review of monitoring results. If downgradient groundwater quality 

impacts do not diminish following commissioning of the wetland, the Applicant 

should develop an investigation plan to determine the source of the 

contaminants. 
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