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FOREWORD

This book contains the papers presented at the 6™ International Symposium on
Managed Aquifer Recharge (ISMARG6) that was held in Phoenix, Arizona, from
October 28 to November 2, 2007, and symposium field trips to three diverse recharge
projects in the east Salt River Valley. Previous symposia have been held in California,
Florida, The Netherlands, Australia and Germany.

Groundwater augmentation can be achieved by spreading water on the soil surface
and letting it infiltrate and move down to the groundwater. High quality water can
also be directly injected into groundwater through wells. The source water for these
systems may range from natural streams to effluent from sewage treatment plants.
Much work has been done on the design of recharge systems, especially where
sewage effluent or polluted surface water is used. The recharge system is then
considered a tertiary treatment system and it should be designed to optimize
biodegradation of organic compounds, denitrification, filtration, removal of
microorganisms and adsorption. These processes are fairly well understood.
However, pilot studies in the field are usually desirable. This is also true for
evaluating hydraulic properties of the soils and underground formation so that
infiltration rates, and groundwater mounds below the infiltration systems can be
predicted. The golden rule for groundwater recharge projects is to start small, learn
as you go, and expand as needed. Experiences from existing recharge systems
throughout the world are very valuable for the design of new recharge systems. This
requires intensive exchange and cooperation between scientists and engineers. To
promote this, international symposia on groundwater recharge have been organized

to stimulate information exchange and cooperation. This 6th Symposium has been
organized by a committee of the Arizona Hydrological Society under the co-
chairmanship of Doug Bartlett and Ivan Johnson, with the assistance of Barbara
Murphy. We thank Doug and Barbara and all the other committee members for all the
work they have done.

Prepared by Herman Bouwer, PhD
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INNOVATION IN GOVERNANCE OF MANAGED AQUIFER
RECHARGE

Peter Dillonl, John Ward! and David Cunliffe?
I CSIRO Land and Water, Water for a Healthy Country Program peter.dillon@csiro.au

2 Department of Human Services, South Australia

ABSTRACT

Managed aquifer recharge (MAR) governance with some exceptions is generally in need of a major
overhaul in two areas; water allocation and water quality protection. Water entitlements of water
bankers and rights to transfer allocations warrant exploration due to their potential to induce private
investment to secure water supplies and improve catchment water use efficiency. The difficult
problems of over-allocated groundwater resources, where MAR can have beneficial effects (but
sometimes claims are exaggerated) and allocation of aquifer recharge capacity among multiple water
bankers, warrant further exploration. Secondly, this paper explores contradictions in health and
environmental protection guidelines due to inadequate attention to the growing scientific
understanding of MAR. A sound base for risk management would result in consistent applications
across jurisdictions, taking into account the varying needs for efficiency in water resources and energy
management, competence in managing MAR, and capacity to pay. The science and technology base
necessary to support good guidelines, particularly in light of growth in water reuse, will be discussed. In
each case positive examples or proposed constructs are put forward, based on current reform in
Australian water governance, consistent with international trends in water policy development. If
adopted, these approaches may give greater certainty to obligations and entitlements concerning water
quantity and quality for those people managing aquifer recharge.

KEYWORDS

Risk management, groundwater, water quality protection, water allocation

INTRODUCTION

Substantial advances have been made in scientific understanding and technologies
associated with Managed Aquifer Recharge (MAR) in recent years. In contrast, ad
hoc and arbitrary governance arrangements have emerged as a major remaining
barrier to effective MAR adoption. The reasons for this are logical from a historical
perspective because of the new challenges that these technologies present to
existing policy approaches in many jurisdictions. This is particularly evident where
urban stormwater or reclaimed water derived from treated sewage effluent are
sources of recharge, or where target storage zones comprise of brackish and saline
aquifers or fractured rock and karstic aquifers. Scientific research has a role in better
informing regulation intended to manage human and environmental health risk in
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many jurisdictions. Advantage can also be gained by uptake of new technologies,
adapting institutional arrangements, and addressing MAR within the broader context
of catchment and aquifer system management. Market-based approaches are
increasingly endorsed as a class of policy innovations, emphasising the careful
definition of the entitlements and allocation of water resources that account for
aquifer characteristics.

TABLE 1. Resource management and environmental protection
policies that are invoked (explicitly or implicitly) in managing
aquifer recharge operations.

Attribute /
Resource Quantity Quality
e Environmental flow « Catchment pollution control
Source water requirements plan
for recharge - Inter-jurisdictional agreements | * Water quality requirements for
« See below if source water is intended uses of recovered
groundwater water
e HACCPT plan for water
quality assurance
* See below if source water is
groundwater
« Groundwater allocation plan « Groundwater quality protection
« Resource assessment policy
Groundwater accounting for groundwater- « Water quality requirements for
dependent ecosystems intended uses of groundwater
e Demand management (may include HACCP* above)
< Allocatable storage capacity
< Inter-jurisdictional agreements

T Hazard Analysis and Critical Control Points

Effective implementation of MAR is an acid test of integrated water resources
management in any jurisdiction because it involves management of quantity and
quality of water in surface water and groundwater (Table 1). In many cases MAR
potentially creates conflict between water conservation and water quality protection
and this will require regulators to have a sound basis for policies. Sectoral
responsibilities for environmental and health regulation and water resource
management roles will require coordination for efficient approval of new MAR
projects and to avoid perverse outcomes. For example, extraction from rivers to
enhance groundwater reserves may benefit local groundwater users and
groundwater dependent ecosystems but have adverse effects on downstream users
and river-dependent ecosystems, and in some cases impinge on inter-state or
international agreements on water sharing. Unless seen in the context of
groundwater management that embraces demand management, especially in over-
exploited systems, MAR will not achieve an equitable distribution of benefits nor
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Table 2. Aquifer characteristics relevant for MAR: status and
implications for the three major aquifer systems in the LIRB.

Characteristics

Status & Implications

Tertiary-Quaternary
Shallow Aquifer System

Upper Cretaceous
Limestone Aquifer
System

Ram-Zarqga-Kurnub Aquifer
System

Confinement

Groundwater mostly
occurs unconfined.
>Surface infiltration
methods viable,
unprotected from surface
contamination

The aquifer system
contains confined and
unconfined sub-aquifers.
Depth to water table is
very high.

>Wide range of
infiltration mechanisms
possible

Generally confined
aquifers, >Only well
injection methods possible

Moderate to high
permeability

>dispersion of recharged
water, cheap recovery
costs of pumped water

Moderate to high
permeability

> dispersion of
recharged water,
storage potential
sometimes decreased

Moderate to low
permeability

> recharged water more
localized

> higher recovery costs

Permeability du to quick discharge
Sometimes limited Thick (> 100 m). Thick (> 400 m).
thickness (e.g. B4/B5), > high storage potential > high storage potential
sufficient thickness in
Jordan Valley alluvium
> storage volume is no
Thickness major constraint

Unconformity of

Homogeneous

> minimal mixing

> retention times do not
vary significantly

Extremely
heterogeneous due to
karstification and
fractures

> fast discharge,
insufficient retention

Moderate Heterogeneity,
> moderate mixing

> retention times do not
vary significantly

Hydraulic time if aquifer is drained

Properties by springs close by
Fresh with strongly Dominantly fresh Mostly saline
increasing salinity toward > unlimited recovery > limited recovery efficiency
the valley centre efficiency > less beneficial uses to
> limited recovery protect, so low treatment
efficiency at parts with requirements of infiltration

. high salinity water
Salinity of . less beneficial uses to
groundwater protect

Gentle Steep on the descent to Gentle

Lateral hydraulic
gradient

> Recharged water
contained closer to the
point of recharge

the Jordan Valley,
slightly more gentle in
the uplands

> Quick dispersion of
injected water

> Recharged water
contained closer to the
point of recharge

Consolidation

Unconsolidated in the
upper sections of the
alluvial fans/ elsewhere
consolidated.

Consolidated

> easier well
construction

> |ess clogging problems

Consolidated
> easier well construction
> less clogging problems

Aquifer
mineralogy

Unconsolidated
conglomerates,
carbonates

> solution/dissolution
should be considered

Carbonates, Sandstone
> solution/dissolution
should be considered

Sandstone, Carbonates,
Shales

> solution/dissolution
should be considered

42


































































































































