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內容摘要：

本次出國為應邀參加澳洲國際水文協會主辦之「地下水收支平衡」研討會，並發表論文。該研討會係於今(九十一)年五月十二日至十七日在澳洲達爾文港(Darwin)舉行，由國際相關學者專家參加研討地下水資源等相關議題。本人於議程中發表「台灣濁水溪沖積扇地表水與地下水之聯合運用」論文一篇。

本次研討主題為地下水領域之技術及研究成果，論文發表會首日(五月十三日)為澳洲地下水研究中心(CGS)及地下水技術團(AGT)研究成果發表(須另予註冊)，五月十四日、十六日、十七日共三日為來自世界各國專家學者之論文發表。五月十五日為有關溼地、地下水及生態方面之現場勘查與參觀，當日於晚間更有交誼賞景活動，內容豐富令人印象深刻。
此次參加研討會承蒙經濟部水利署及中區水資源局協助，才得以順利成行，在澳洲研討會期間除吸取最新水利工程資訊外，並向國際介紹本局所執行之濁水溪沖積扇地表水與地下水之聯合運用情形。此行除提升國際地位外，並促進國民外交。
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一、目的

鑒於國內水資源需求逐漸增加及其開發有其限度，至今益感其重要性，而地下水資源猶如水庫具有調配供應枯水期水源不足時之功能。本局負責濁水溪地表水及地下水開發、調配之工作，本次出國除吸取最新水資源開發管理資訊外並發表論文，介紹台灣濁水溪地表水及地下水聯合運用，期能促進水資源技術交流及國民外交，提昇國際地位。

2、 過程

本次出國之行程如下表：

	預定起訖日期
	天數
	到達地點
	詳細工作內容

	五月十日（五）
	一
	桃園~雪梨
	啟程

	五月十一日（六）
	一
	雪梨、達爾文港
	啟程

	五月十二日（日）
	一
	達爾文港
	研討會活動

	五月十三日（一）
	一
	達爾文港
	研討會活動

	五月十四日（二）
	一
	達爾文港
	研討會活動

	五月十五日（三）
	一
	達爾文港
	研討會活動

	五月十六日（四）
	一
	達爾文港
	研討會活動

	五月十七日（五）
	一
	達爾文港
	研討會活動

	五月十八日（六）
	一
	達爾文港~雪梨~桃園
	回程

	合計
	九
	
	


(一)五月十二日

報到及交誼活動

(二)五月十三日

CGS及AGT地下水技術研究成果發表會

1. 地表水與地下水互制及地下水生之生態系統

（Surface Water-Groundwater Interaction and Ecosystem Dependence on Groundwater Workshop）

2. 地下水補注及流出量之測定－CGS研究成果

（Recharge / Discharge Determination－CGS workshop）

(三)五月十五日

澳洲北端海岸平原溼地、生態及地下水資源利用現場勘查，勘查地點為Fogg 壩溼地保留區，Adelaide 河之跳躍鱷魚，溼地解說中心及Howard 石灰岩區泉水。其行程及內容如下：

[image: image1.png]COASTAL PLAINS OF THE TOP END

8:00 Depart city hotels
9:30 - 10:30 Fogg Dam Conservation Reserve, “Woodlands-Water
Lilly” walk

e Vegetation & wildlife
e Groundwater and ecosystem

10:50 — 12:30 Adelaide River “Jumping Croc” Cruise (at the
Arnhem Hwy.). The 11am cruise would be best but
other departures are at 9am and 2:30pm.

e Wildlife

12:30 - 1:30 Lunch at “Jumping Croc”

1:40 - 2:25 Windows on the Wetlands interpretative center.
e Geological history of coastal plain formation
e Groundwater and the Coastal Plains

3:20 -4:40 Howard Springs via back roads in Humpty Doo,
swimming or rainforest walk
e land and groundwater use
e Karstic spring
e Groundwater dependant ecosystem
e Vegetation & wildlife

5:20 City





[image: image2.png]Introduction

The coastal plains of the Northern Territory lie between 11° and 17° latitude. The
climate is of the wet / dry tropical type with high temperatures throughout the year
and only two distinct seasons. Thunderstorms herald the start of the wet season in
November and may bring rain throughout the summer months. Occasional very
intense but localised rain occurs when cyclones pass close to or cross the coast.
Darwin’s annual rainfall falls mainly between November and March and totals some
1600mm. The “Top End” is influenced by the monsoon, which can usually be relied
upon to bring summer rains.

Permanent stream flow only occurs in a few of the region’s rivers, mainly due to the
long dry season and the fact that most aquifers are of the fractured rock type, with
small storage that limits the potential to provide base flow. On the rivers that cross the
coastal plain, tidal influence can extend many tens of kilometres inland.

The Coastal Plains.

18,000 years BP: At the height of the last ice age sea levels were some 120 metres
lower than at present. The northern coastline was situated several hundred kilometres
seaward of the present one. The areas of the present day coast were located mid way
up the catchments where the environment was largely erosional.

SHORELINE

18,000 years BP
10,000 yoars BP

By 7000 years BP the sea had risen close to the present level drowning the former
river valleys that are now on the continental shelf. In low-lying areas (the river
valleys) the coastline reached several tens of kilometres inland of the present day
coast. These shorelines are marked in places by stranded chenier ridges.

Between 7000 and 4000 BP estuarine sediments accumulated and the shoreline
prograded, gradually building up the coastal plain. Sedimentary environments present
were mainly low energy include mangrove fringe, tidal flats and shallow estuarine.





[image: image3.png]Higher energy environments include chenier ridges and tidal and alluvial channels.
The sediments are dominantly muds and silts.

By 3000 years BP the current shoreline was established in areas such as the Adelaide,
Mary, South Alligator and East Alligator Rivers and has been stable since then.
Freshwater wetlands then became widespread after 2000 years BP.

Four morphological provinces can commonly be recognised on and adjacent to the
coastal plains. The plains pass from “Alluvial” in the narrow landward end to
“Palaco_Estuarine” and then into the wider “Coastal” plain on the seaward side. They
are bordered by “Uplands”, low undulating areas with bedrock at or near surface. The
groundwater flow characteristics in each of the provinces are summarised on the
diagrams shown on the next page.
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[image: image5.png]Stop 1 Fogg Dam Conservation Reserve

This site is on a minor arm of the Adelaide River floodplain and is within the
“Palaco_Estuarine” zone. The soil is organic rich black cracking clay and is likely
underlain by saline mangrove mud. The black clay accumulates during the seasonal
inundation by fresh water.

The rainforest that the “Woodlands to Waterlily” walk passes through are maintained
by groundwater discharge. The watertable in these low-lying areas is close to ground
level throughout the year. Discharge is generally restricted to the margins of the plains
where heavy confining clays are not present. The source of the groundwater is from
fractured bedrock aquifers and in places from shallow aquifers in lateritic soil profiles.
Discharge directly to the rivers only takes place in the more landward areas of the
“Alluvial” zone where sediments are more permeable. Large amounts of salt are
stored in the mangrove muds beneath the plains but are largely immobile.





[image: image6.png]Darwin Rural Area

Town supply: McMinns Borefield,supplements Darwins dam supply, also used to
raise the pH. Typical analyses of groundwater and water from Darwin River Dam (the
main supply) are shown in the table above.

Rural water usage: Most blocks are dependant on groundwater and each has their own
bore. In the 1960’s there were about 100 bores, now there are more than 4000. This
increased usage is reflected on the bore hydrograph below. Dry season water levels
have been falling in recent years despite the above average rainfalls over the past
decade. Most blocks are hobby farms (2ha) but there are an increasing number of
larger blocks devoted to commercial horticulture. Mangoes are the main crop but
bananas, rambutans, vegetables and flowers are also grown.
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Groundwater Issues: Over use of the resource, competing uses (town Vs local

domestic Vs horticultural) and the effect of extraction on the native vegetation.

Joint studies have been done by NTU, CSIRO and the NT government to determine
water use of the native vegetation, and its dependance on groundwater. The main
vegetation type is Eucalyptus miniata (Woollybutt) and E.tetrodonta (Stringybark)
open forest/woodland. Mature trees use up to 30 litres of water per day. The
conclusion of the study is that it is not a groundwater dependant ecosystem. Wet
season rainfall and water storage in the unsaturated zone is sufficient to tide the plants
through the long dry season. Groundwater extraction will have little impact on the
savanna vegetation but it may reduce the dry season stream discharge.
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[image: image8.png]Howard Springs

The spring discharges from the Lower Proterozoic Koolpinyah Dolomite (2000
million years old). The dolomite is overlain 65 metres of Cretaceous aged claystone
and clayey sandstone. It is located near the margin of the dolomite aquifer and is in an
eroded sinkhole. The collapsed rock beneath the sinkhole provides pathway for the
deep groundwater to find its way through the overlying claystone. Faulting may also
have influenced the springs location. The springs end of Dry season flow averages
about 30 litres/ second.

The rainforest that flanks the spring represents a remnant of vegetation types that were
much more widespread in the Tertiary. Similar patches of rainforest across the Top
End are always associated with groundwater discharge.

An analysis of the spring water is tabled below, it is typical of groundwater from
dolomite aquifers in the Top End.

Darwin
River

11
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（四）五月十四、十六、十七日計三日，論文發表會分論文靜態展示（Posters Papers）及現場論文發表

1.論文靜態展示，貼示作者及論文名稱如下：
	Adelana, S.M.A. Olasehinde, P.I. and Vrbka,
	Hydrogeological And Isotopic Research In The Semi-Arid Area Of Northwestern Nigeria.

	Condesso de Melo, M. T., Santos, A., Silva, E., Cabano, G., Marques da Silva, M. A. and Edmunds, W. M.
	Estimating Spatial And Temporal Variability Of Groundwater Recharge During One Hydrological Year: The Aveiro Cretaceous Aquifer, Portugal.

	Cook, P. and Tickell, S.
	Determining Natural Groundwater Influx To The Daly River, Northern Territory By River Chemistry.

	Doody, T. and Benyon, R
	Water Uptake From An Unconfined Aquifer: A Cave Study.

	Prof. Doutor. Luís Filipe Pires Fernandes and Prof.Doutor Manuel de oliveira e Silva
	Resources Hydrics And Antropics Impacts In The Basin Of The Fervença River (Bragança)- Portugal.

	Downing, J.
	National Inventory Of Rural And Remote Community Water Supplies: Cows Database.

	Free, D. and McKay, A.
	A Review Of Groundwater Management Philosophies In Fractured Basalt Aquifer Systems In Queensland.

	Ivkovic, K.M., Mullen, I.C., Lawrence, C.R.L., Wetten,C. and Please, P.M.
	Groundwater Quality And Chemical Evolution In Alluvial Basins Of San Luis Province, Argentina.

	Karp, D.
	Sinkholes In The Katherine Region.

	Lunter, S.M., Lawrence, C.R.L., Chartres, C.J. and Ivkovic, K.M.
	The Daily Drop: Involving Communities In Irrigation And Groundwater Management Issues In San Luis Province, Argentina.

	O'Boy, C. A., Tickell, S. J., Yesertener, C., Commander, D. P., Jolly, P. and Laws, A. T.
	Hydrogeology Of The Ord River Irrigation Area, Northern Australia.

	Verma, M. N.
	Hydrogeology Of The Darwin Region.

	Su X., Xueyu, L., Zisheng, L. and Jinsheng, W.
	Isotope Study On The Yellow River,China.


2.論文現場發表，場次如下。

Parallel Sessions

	Parallel Sessions: overview

	Location
	Tuesday

May-14
	Thursday

May 16
	Friday

May-17

	Room1
	
	Sustainable Yield (I)

08:30-10:00 [B1-1]
	Salinity

08:30-10:00 [C1-1]

	
	Management (I)

10:30-12:00

[A1-1]
	Large sediment Basins (I)

10:30-12:00 [B1-2]
	Fractured Rocks

10:30-12:00 [C1-2]

	
	Management (II)

13:00-14:30

[A1-2]
	Large sediment Basins (II)

13:30-15:00 [B1-3]
	Community involvement

13:30-15:00 [C1-3]

	
	Modeling (I)

15:00-16:00

[A1-3]
	Sustainable Yield (II)

15:30-17:00 [B1-4]
	Management (II)

15:30-17:00 [C1-4]

	Room2
	
	Karst (I)

08:30-10:00 [B2-1]
	Sustainable yield (III)

08:30-10:00 [C2-1]

	
	
	Karst(II)

10:30-12:00 [B2-2]
	Use of Istopes and Chemistry to Quantify Recharge and Storage (I)

10:30-12:00 [C2-2]

	
	
	Stygofauna-Ecosystem

Dependence

13:30-15:00 [B2-3]
	Evaluation of Water Resources

13:30-15:00 [C2-3]

	
	
	Quantifying Tree Water Use

15:30-17:00 [B2-4]
	Mining

15:30-17:00 [C2-4]

	Room3
	
	Groundwater-Surface

Water Interaction

08:30-10:00 [B3-1]
	Community Involvement

08:30-10:00 [C3-1]

	
	
	Modeling (II)

10:30-12:00 [B3-2]
	Coastal and Estuarine Discharge Processes (I)

10:30-12:00 [C3-2]

	
	
	Modeling (III)

13:30-15:00 [B3-3]
	Coastal and Estuarine Discharge Processes (II)

13:30-15:00 [C3-3]

	
	
	Use of Isotopes and Chemistry to Quantify Recharge and Storage

15:30-17:00 [B3-4]
	Mapping / Geophysics

15:30-17:00 [C3-4]


	[A1-1] Management (I)

	Stephen Hancock
	Keynote: International Groundwater Conference, The Vexed Issue Of Safe Yield? Or Is It Sustainable Yield?

	Tom Hatton
	Keynote: Catchment Salt Balances and the Future for River Salinisation in Australia. 

	Warwick McDonald
	A Water Paradox - Too Little and Too Much - Striking the Balance.


	[A1-2] Management (II)

	Aiguo Wang
	Keynote: Effective Approaches Needed for Balancing the Groundwater Budget in China.

	Rick Evans 
	Keynote: A Groundwater Management Strategy for the North China Plain.  

	Leo S.Leonhart
	Wet Water vs Paper Water: Water Management Under the 1980 Arizona Groundwater Code.  

	G.F. Holland
	Under the Hammer - Complexities in Auctioning Groundwater Licences in Northern Victoria.


	[A1-3] Modeling (I)

	Noel P.Merrick
	Keynote: Value Adding to Traditional Groundwater Flow Models.    

	Hugh Middlemis 
	Groundwater Modelling Guidelines for Australia-An Overview of the Need For and Use of the Guidelines

	Noel P.Merrick
	Guidlines For Effective Model Calibration (Any Model!). Mary Hill.


	[B1-1] Sustainable Yield (I)

	Ray Evans
	Keynote: What is a Sustainable Yield for Australia's Groundwater Systems.

	Les Russell 
	Development of An Approach and Definition of Sustainable Yield.

	Steve Barnett
	Sustainability Issues in Groundwater Development.

	Chris O'Boy
	Managing Groundwater In The Ord River Irrigation Area, Northern Australia.

	Ramsis Salama
	Keynote: Sustainable Yield Of Groundwater Of The Gnangara Mound, Perth, Westen Australia.


	[B1-2] Large Sedimentary Basins (I)

	John Seccombe
	Keynote: Managing Australia's Great Artesian Basin The World's Largest Artesian Groundwater Resource.

	Rien Habermehl
	Hydrogeology, hydrochemistry and isotope hydrology of the Great Artesian Basin, Australia.

	John Hillier
	The Great Artesian Basin - Is there a Sustainable Yield?

	G.A. McMahon
	Aquifer Recharge in the Great Artesian Basin of Queensland.

	G.Tredoux
	Keynote: Redefining the Recharge Behaviour of the Stampriet Artesian Basin, Namibia.


	[B1-3] Large Sedimentary Basins (II)

	Phil Commander
	Keynote: Avoiding an Overdraft: Balancing the Budget in the Perth Basin.

	S.S.Dogramaci
	Solutes, Stable Isotopes and Radiocarbon Isotopes as Tracers of Groundwater Flow, Carnarvon Basin, Western Australia.

	Richard Martin
	Planning For Sustainable Groundwater Development from the Officer Basin, Western Australia.  

	Phil Commander
	Development of the Canning Basin Groundwater Resource.

	Rashid A. Radwan
	Hydro-geological and Hydro-chemical Studies Adjacent to the Blue Nile River, Sudan. 

	M.Leblanc
	Groundwater Modelling for the Resources Quantification of a Large Superficial Aquifer in the Sahel, The Quaternary Aquifer of the Lake Chad Basin.

	M.A. Habermehl
	Sustainable Development of Geothermal Resources of Aquifers in the Great Artesian Basin.


	[B1-4] Sustainable Yield (II)

	Jacob Tumbulto
	Elements of Water Balance in the Pompom Sub-Catchment of the Densu River Basin, Ghana.   

	Stephen Hostetler
	Recharge to the Amadeus Basin Around Alice Springs, Central Australia.

	Bob Read
	Rocky Hill - Water Resources and Future Management.

	Richard Cresswell
	Rapid, Episodic Recharge in the Arid North of South Australia.

	P. Brunner 
	Assessing the Groundwater Budget for Water Supply in an Area of Low Groundwater Recharge in Northern Botswana.


	[B2-1] Karst (I)

	Stein-Erik Lauritzen
	Keynote: The hydrology of permafrost karst, examples from Spitsbergen and Norway

	Y. Xu
	Management of Dolomitic Groundwater Resources and Ecosystems in the Bo-Molopo Dolomites, Sounth Africa

	Damiano Grassi
	Gargano:The Origins of the High Temperatures found in the Ground and Spring Waters of Gargano's Calcareous Platform (Southern Italy).

	N.S.Robins
	The English South Downs Aquifer - Tropical, Cold and Temperate Karstification

	Tho.Tien
	Spring Flow and Water Quality at Howard Springs Nature Park, Northern Australia.


	[B2-2] Karst(II)

	John Sharp
	Anthropogenic Effects on Water Budgets in Urban Areas.

	G.Sappa
	Groundwater budget of Maiella (Italy).

	Amaraporn Khachornpipat
	Groundwater Recharge Assessment of the Lampang Basin, Northern Thailand.

	Scott Evans
	A Responsive Allocation Mechanism for a Dynamic Groundwater System.

	Salvatore Carrubba
	The Exploitation of Palermo's Groundwater Resources from the Birth of the City Until Now.

	G.S.VanDyk
	Managing Over Exploitation from the Tosca Dolomite Fractured Aquifer, Kalahari Region, South Africa.

	Peter Jolly
	Water Balance  For The  Daly River Catchment, Northern Territory, Australia


	[B2-3] Stygofauna- Ecosystem Dependence (II)

	Bill Humphreys
	Keynote: Groundwater Ecosystems in Australia: An Emerging Understanding.

	S. Schmidt
	Characterisation of Groundwater-Surface Water Interactions by Means of Faunal Communities.

	Y.Xu
	An Approach to Estimate Groundwater Contribution to Instream Flow Requirements in South Africa.

	Holger Schindler
	Springfauna as Monitors for Catchment Quality.

	S.A.Halse
	Do Springs Provide a Window to the Groundwater Fauna of the Australian Arid Zone?

	Hans Jurgen Hahn
	Developing Regional Models of Stygofaunal Communities at a Landscape Scale for the Assessment of Groundwater Conditions - The Naturraum Concept.  


	[B2-4] Quantifying Tree Water Use (II)

	R.H.Froend
	Keynote: Variability in Vegetation Groundwater Use: Challenges in Determining Vegetation Water Requirements for Water Resource Allocation and Planning.

	Peter Dillion
	Plantation Forest Water Use in Relation to Groundwater Balance in the Southeast of South Australia.

	S.Theiveyanathan
	Management of Tree Plantations for Controlling Shallow Water Tables in the Southern Murray-Darling Basin.

	Richard Benyon
	Recharge and Discharge under Tree Plantations in the South-East of South Australia..

	A.P.OGrady
	Water use by riparian vegetation along the Daly River in the Northern Territory.
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三、心得

(一)補注之產生及補注之拒絕(Induce Recharge and Rejected Recharge)

澳洲地區年降雨稀少，水資源缺乏，水源以地下水為主，惟地表水與地下水互制有許多不同之方式這種互制對水資源管理上甚為重要。逕流之發生係由於地下含水層達飽和狀態時所產生之地表水。然而，降低含水層水位可以截取較多之逕流；降低含水層水位，於逕流流向含水層時增加水力坡降，因此增加局部之補注比例(local recharge ratio)。
預測地下水抽取時之影響需要考慮下列之因素：

(1)地下水抽取之位置、時間及大小。

(2)量測自然補注之位置、大小及量化任何可能產生之補注。

(3)量測從含水層自然排水之位置及量，(包括流到河裡、海裡及植物吸取量、直接蒸發量)。
(4)決定當系統到達一新平衡時每個自然排出量之減少度及發生之時程(timescale)。
(二)補注之空間變化(spatial variability of recharge)

因為控制地下水補注變化因素包含土壤、植被、氣候、地表、地形，故地下水補注是隨空間而變化，而要求的空間變化平均(spatial averaging)必須瞭解：

(1)大部份以土壤為基礎之方法估計，補注量僅為點的估計(point estimates)。
(2)地下水追踪法(Groundwater tracers)和流量歷線分析(hydrograph analysis)提供某種程度之空間平均(some degree of spatial averaging)。
(3)某些應用，需要知道補注之空間分佈諸如：再植生，污染運送(contaminant transport)而不只僅有空間平均。

(4)一點估計是永遠不足的。

(5)點估計之外差法(extrapolation of point estimates)。
(三)含水層儲存及回抽技術(ASR, Aquifer Storage and Recovery)

所謂含水層(Aquifer)為地質材料具有儲存鉅量水及傳送水之能力，也許有一系列含水層分別間雜著非含水層之技術。豐水期時將水蓄存於水庫中，以便枯水期灌溉，長久以來已被採用，將水儲存於含水層中，其優點為容納範圍廣達極大面積，沒有水蒸發，受污染機會少。

何謂ASR？其方法包括將超量逕流(或處理過之廢水視再利用之標的而定)由補注井注入含水層，當需要的時候再由同一口井或其他井抽取利用，因此可提供公園或花園用水，以多出的逕流注滿或補注含水層以供往後之再利用，可使水資源永續利用而補足消費(depletion)，在南澳現場有許多利用此種方式而且成功的例子。

ASR具有下列之潛能：

(1)提供最便宜新水源。

(2)使廢水再生利用(productive use)。
(3)開發緊急備用水源。

(4)保護含水層免於海水入侵。

(5)改善地下水質。

(6) Replenish depletion aquifers。

(7)減少雨水或廢水流入海洋環境。

(8)減少都會區防洪經費。

澳洲地下水技術團(AGT，Australia Groundwater Technologies)為一特殊目的之公司，利用地下水研究中心(CGS，The Center for Groundwater Studies)，及其關係會員或公司研究之成果，或是一地下水技術顧問公司專家專注人工補注及地下水儲存抽取技術和方法。以南澳為基礎AGT在全國及國際上做技術服務，其成就為走在地下水技術發展之尖端。

4、 建議

(1) 提高合理之地下水用水比重是世界未來水資源開發趨勢，以多元化的水資源開發手段，滿足社會之用水需求。有地面水時儘可能使用地面水，多餘之地面水則以水庫儲存或補注至地下蓄存，留待至枯水期時再使用。
(2) 為達台灣地下水資源之永續利用，地下水補注與抽取必需平衡，相關單位除應有效掌握地下水補注量及抽取量外，抽水井之數量亦應予加強掌控。
(3) ASR技術在澳洲有專責單位進行研究及推廣機構，而國內之相關單位於屏東平原之林邊地區亦有進行類似之地下水補注相關研究，未來若能加強經驗交流，應可有效應用在國內適合之區域。

