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ABSTRACT

Waiwhetu aquifer which is a significant source of water for the Wellington region is susceptible to salinity intrusion. This research endeavored to model the aquifer using PMWIN model, and then investigate non conventional methods to monitor and manage salinity intrusion. In addition to the conventional Abstraction control technique the effect of recharge on salinity intrusion is analyzed, by investigating controlled river floods, use of river banks and water traps, use of infiltration basins and injection wells. It has been shown that with a combination of low impact development techniques i.e. infiltration basins, water traps, injection wells, abstraction could be doubled without a risk of salinity intrusion.  The result of the simulations shows that the risk of sea water intrusion can not be reduced only by controlling the level of abstraction particularly if demand continues to increase and recharge decrease, but augmentation of recharge is a superior and viable alternative which facilitates abstraction as well. 
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1. Introduction

Waiwhetu Groundwater Aquifer is an important source for freshwater supply in the Wellington region. The Lower Hutt Groundwater Zone supplies about one third of Wellington’s water demand. This paper illustrates traditional approaches to monitoring and managing saltwater intrusion, and investigates new methods of salt water intrusion control into aquifer leading to sustainability of coastal ground-water resource. Here, PMWIN has been adopted to develop a three dimensional model in the study area. The model is used to understand the ground water movement and the risk of saltwater intrusion. Based on resulted conditions, the paper highlights some of the possible approaches to use for enhancing the sustainability of ground-water resources. 
2. Lower Hutt Zone Characteristics
There are three principal groundwater areas in the Wellington region: Lower Hutt Valley, Kapiti Coast and the Wairarapa Valley. Secondary groundwater areas include:Upper Hutt, Mangaroa Valley, Wainuiomata Valley and Sections of the Eastern Wairarapa Coastline. Aquifers in all of these areas are found in unconsolidated alluvial, aeolian, and  beach sediments of varying grain size. Minor aquifers are also found in limestone  and fractured greywacke in some areas of the region.
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Figure 1. Lower Hutt Groundwater System-conceptual model
Source: Wellington Regional Council Report.

3.  Monitoring and Management of Seawater Intrusion
PMWIN model package is used to test different assumptions on how the system may develop in the future. Since the future is uncertain, some assumptions about the evolution of the main source/sink terms need to be made resulting in different future scenarios. The complete set of scenarios provides a wide insight into the long term sustainability of existing pumping rates under different conditions. Furthermore, they provide information about where and which additional corrective measures are needed. Many corrective measures can be considered.  Basically, they can be grouped into: reduction of groundwater pumping; increase of  recharge; relocation of pumping wells; and in the case of coastal aquifers,  additional engineering solutions to restore groundwater quality (e.g. hydraulic  barriers).

3.1 Control of the water abstraction
Control of abstraction to manage the levels recommended by different studies is the traditional method to control seawater intrusion in Waiwhetu Aquifer.  The new model has a more detailed layer structure and re-designed boundaries. The information and analysis on the aquifer system has been used to review the  critical level for hydraulic heads on the aquifer.  Donaldson, I.G. and Campbell, Cussins and Phreatos studying the aquifer’s flow under different stresses calculated a critical level for hydraulic heads on the aquifer. Based on the results, control of abstraction to manage the levels was recommended.

The model simulations showed a noticeable effect of seawater intrusion for the  dry period.

Assuming that the recharge is zero (aquifer recharge only from river bed seepage, no recharge from raining or other sources), after five years period with constant abstractions of 15000, 25000 and 50000 mc/day for each of the wells,  the results show a considerable  advance of the seawater intrusion.
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Figure 2. Seawater intrusion.   

Figure 3. Seawater Intrusion.
No  abstraction,no recharge.                           15000mc/day each well. No recharge.

Blue line is sea water location, green zone is fresh water zone
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    Figure 3. Seawater intrusion.

Figure 4. Seawater intrusion.
   25000mc/day each well. No  recharge. 
50000mc/day each well. No recharge

   Blue line is the seawater  location.

Blue line is the seawater  location. 

   green zone is freshwater  zone


green zone is freshwater zone

3.2 Recharging the Aquifers
This investigation deals with artificial recharging of the unconfined part of the aquifer. Natural replenishment of aquifers occurs very slowly. Therefore, withdrawal of  groundwater at a rate greater than the natural replenishment rate causes  declining of groundwater level, which may lead to decreased water supply,  contamination of fresh water by intrusion of pollutant water from nearby sources,  seawater intrusion into the aquifer of coastal areas, etc. To increase the natural replenishment, artificial recharging of the aquifer is becoming increasingly important in groundwater management. The artificial recharge may be defined as an augmentation of surface water into aquifers by some artificially planned operation. The source of water for recharge may be direct precipitation, imported water, or reclaimed wastewater. The purpose of artificial recharging of groundwater systems has been introduced to reduce, stop, or even reverse the declining  trend of groundwater level; to protect fresh groundwater in coastal aquifers  against saline water intrusion from the ocean; and store surface water, including  flood or other surplus water, imported water, and reclaimed wastewater for future  use.

Possible adverse effects of the excess recharging may lead to the growth of water table near the ground surface and causes several types of environmental problems, such as water logging, soil salinity, and may effect natural aquifer storage and recovery systems.

If the recharge is increased to 400mm/years, the seawater intrusion is less significant for the abstraction of 15000, 25000mc/day but considerable for 50000 mc/day. 
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  Figure 5.  Seawater intrusion.

  Figure 6.  Seawater intrusion.
  15000mc/day each well.  


  25000mc/day each well.

  Blue line is  the seawater location. 

  Blue line is seawater location

  Green zone is  freshwater zone.

  Green zone is fresh water zone.

3.2.1 Methods to increase recharge rate:
A. Increase aquifer recharge using controlled river floods.
During high volume rainfall events, some adjacent river areas can be flooded and water can slowly infiltrate after the storm. After using this method within one year a back movement of seawater could be seen. The movement is not significant, but in conjunction with other methods it is a possible to develop solution to eradicate salt water intrusion. Figure 7 shows the seawater location after 5 years of high level of abstractions (double than actual abstraction) and Figure 8  shows the back movement of seawater after one year of using flood river control.
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Fig. 7 Seawater location 

        Fig. 8 Seawater location. One year after 
     after very high levelof Abstraction.
          using Controlled river flood

B. River Banks, Water Traps
Water traps or river banks are used to increase infiltration in riverbed. The traps are earthen dams of variable height, usually 1m to 2m constructed of locally available materials. They are perpendicular to river banks. Water traps are designed to operate during rainfalls of up to an l-in-50-year frequency. The simulation was performed in assumption of traps along a 1 km stretch of river, at intervals of 70 m to 100 m. Their storage capacities for one trap fluctuate between 200 and 400 m3. Increasing infiltration in riverbed using water traps reduces the  seawater intrusion.

C. Injection Wells and water traps
The result of the simulation shows a considerable  recession of seawater from the aquifer.

D. Infiltration Basins and Injection Wells
The first simulation consisted of five infiltration basins, combined with five injection wells. The source of water for basins and the injection wells may be from direct precipitation, or reclaimed wastewater. The simulation shows that the basins and wells drastically reduce seawater advance, and even for a  abstraction of 100000mc/day, double than actual abstraction, the advance of seawater is minimal. 
4. Conclusion
This paper presents modeling of the Waiwhetu aquifer, and expresses the stresses under which the aquifer is subject to. PMWIN model has been used to simulate the aquifer, and some innovative scenarios have been investigated to identify possible solutions to reduce the risk of seawater intrusion. 

The result of the simulations shows that the risk of sea water intrusion can not be reduced only by controlling the level of abstraction particularly if demand continues to increase and recharge decrease, but augmentation of recharge is a superior and viable alternative which facilitates abstraction as well. River banks, infiltration basins and injection wells have been simulated and the result show that the using a combination of different techniques abstraction could be maximized. The simulation studies show that abstraction can be double the actual current abstraction with no risk of seawater intrusion. Model Simulations indicate that implementation of aquifer management `practices and varying methods to augment the recharge are alternatives that could be considered for the Waiwhetu aquifer if it is subject to higher abstraction levels, lower recharge and salinity intrusion.
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