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CHAPTER 1

TAIWAN AND POTOMAC RIVER


Taiwan is a densely populated island nation with a land surface area of approximately 36,000 square meter and a population of 23 million, making it second population density in the world. Since over two-thirds of the terrain in Taiwan is mountains with steep slopes, most of the people live in a few metropolitan areas. 

It is a well-known story that Taiwan economy went though the stages of important substitution, export promotion, and technology and knowledge intensification. Over the past 50 years, Taiwan, the economic center of gravity shifted from agriculture, to industry and, within industry, from labor-intense light manufacturing to capital- and skill intensive manufacturing. 

 Taiwan has achieved one of the world’s highest rates of growth over the past 50 years. In the one hand, Economic development has brought improvements in living standards in many areas, including education, sanitation, transportation, communications and housing. On the other hand, the rapid economic growth also suffers for sacrificing its environment to achieve rapid but short-term economic growth.

As the nation’s economic growth rapid, the environmental degradation is more serious. River pollution is one of the nation-wide environmental concerns. The forces of population growth, urbanization, and increased water demand for residential, industry, and agriculture use increases the amount of water demanded in Taiwan.  Except river pollution and water shortage, having steep terrain and excessive rainfall, the most severe disaster in Taiwan is flooding which is caused by typhoons and storms in summer season with concentrated intensive rainfall and rapid flows. Water pollution, water shortage and flood are three big challenges for Taiwan’s water management..

1.2  Taiwan  Physical Context

Geographical Location

Taiwan is located between Japan and the Philippines in the Western Pacific with a total area of 36,000 square kilometer. The Tropic of Cancer passes through southern part of Taiwan. (Figure1.1)

Topography

The island is long and narrow with the Central Mountain Range in the middle. The mountainous area with elevation higher than 1,000m occupies 32% of the island, hills and plateaus of 100 m to 1,000 m cover 31% of the island, and the rest of the island is plains with elevation less than 100m.(WCA, 2001)((Figure 1.3)

Geology:

  Most of the mountain regions in Taiwan are sedimentary and metamorphic rocks which are fragile and highly weathered. Severe erosion occurs due to intensive rainfall and rapid flows, the erosion is even worse by frequent earthquakes and severely affects the stability of hillsides.(WCA, 2001)

Characteristics of Rivers in Taiwan

· There are 129 rivers in Taiwan:21 major rivers, 29 secondary rivers and 79 minor rivers. (Figure 1.2)
· Relatively small drainage area, only 9 rivers exceed 100km2. 
· Relatively short length, only 6 rivers exceed 100km. 
· Relatively steep slope, upstream reaches exceed l/100, downstream  reaches 1/200~ l/500, only 5 rives having slope milder than l/1000. 
· Poor watershed geologic conditions, most of them are sandstone and shale with easy-to-collapse feature, sediment concentrations are huge, there also exists some special geologic structures such as mudstone and conglomerate which can easily become mudflow. 
· Concentrated rainfall, short rivers and rapid flows, poor flow conditions, uneven time distribution of flows, rapid rise of flow peak( WCA, 2001)
Uneven Distribution of Water Resources

The average annual precipitation (mm/yr) in Taiwan reaches 2500 mm which is 2.5 times higher than the world’s average annual precipitation. However, with a population of more than 22 million, the amount of available water per capita is only 4,200 CM(cubic meters), about one seven of world average.  This makes Taiwan list on the  water-shortage nations despite its high annual rainfall.

· Uneven seasonal Distribution
 Precipitation concentrates in the period from May to October which accounts for 78% of the annual precipitation. (Figure1.4)

· Uneven Annual Distribution 

a. The annual precipitation in 1980 and 1993 were only l,600mm. 

b. The annual precipitation in 1953, 1972 and 1990 were more than 3,100   mm. 

 c. The ratio of wet to dry season in northern region is 6:4 and in southern region is 9:1 which causes the difficulty of water resource utilization in the southern region.(WCA, 2001)

Water Supply
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Precipitation in Taiwan can be classified as monsoon, thunderstorm, typhoon and tropical depression. There were 350 typhoons and more than one thousand storms occurred in the past 101 years, those were most severe natural disasters in Taiwan. (WCA, 2001).  In addition, they usually carry large sediment load.  In 1997, the total rainfall is 78.6 billion CM, in which 5.1% becomes groundwater, and 70.9% goes into 
streams (includes river intake, reservoir and flows into ocean)  while 24.9% is lost through evaporation. (Figure1.5) Within the stream flow, 3.6 billion-CM have been stored in reservoirs, and 8.2 billion-CM was captured through river intakes.  The remaining 44 billion flowed into the ocean (WRB, 2000)

In Taiwan, annual rainfall is 55 billion CM. However, due to extreme rainfall intensity, steep river slope and rapid flow conditions, Taiwan only can uses 20% of total rain fall.(as same as Japan) (Ko,C.T., et.all, 2000) For example, iIn 1996, the  typhoon Herb which created serve damage brought precipitation of  1,094.5 mm(43 inches) on July 31 in Alishan (central Taiwan). That  one day’s precipitation is almost half of average annual precipitation and twice of  annual rainfall in SanFransico. In Taiwan, the maximum one hour precipitation reaches 300 mm, the maximum one day precipitation reaches l,748 mm which is 93.4% of the world record (1 ,870mm). In comparison with the records in the world, the one-hour to 3-day maximum precipitations in Taiwan are approximately 85 to 93% of the world records, and are approximately 1.6 times the magnitude in Japan.(WCA, 2001) Intense rain fall with mudflow or earth flow, most of Taiwan reservoirs would store first flush of Typhoon. Therefor, according to Taiwan Water Resource, the maximum of the Taiwan’s water resource is only 34 billion CM. But, considering the maximum yield in the reservoirs and limited dam sites, the maximum water supply of Taiwan is only 22 billion CM.(Taiwan WCA, 1998).

Water Pollution

According to Taiwan EPA, downstream of 30 of the 50 major rivers are significant or serious polluted. Overall,12.6%(264 km) oh of Taiwan’s river are serious polluted in length, 26.1% are polluted and 61.3% are insignificant polluted.(Taiwan EPA,1997)
 
  

The major water pollution sources can be categorized as (1) domestic sewage, (2) industrial wastewater, (3) wastewater from pig-raising farms, and (4) other pollution sources such as non-point sources of pollution,. Domestic sewage accounts for 44% of all water pollution, whereas industrial wastewater for 33% and pig-farms discharge for 22%. The pollution removal efficiencies for domestic sewage, industrial wastewater and pig-farms discharge are about 17%, 75% and 54% in terms of BOD-5(Biochemical Oxygen Demand) removal in 1998, respectively. It is clear that domestic sewage remains the most important pollution source and also has a great potential for further improvement.(Taiwan EPA, 2001) 
1.3 POTOMAC RIVER PHYSICAL CONTEXT

The Potomac River lies in the mid Atlantic region near the east coast of the United States, its watershed encompassing 38,000 km2 (14670 sq. mi).  From Fairfax Stone (W.Va.) To Point Lookout (Md.),Tthe mainstream of the river for 612 km (383 miles)through four states (West Virginia, Virginia, Pennsylvania, and Maryland) and Washington, D.C. (the capital). (Figure1.6 )The Potomac River ranks 25th in length, 26th in discharge, and 21st in drainage area among the U.S. rivers.

A major industries include agriculture and forestry throughout the basin; coal mining and pulp and paper in the western region; service and light industry; military and government installations in the Washington metropolitan area; and fishing in the tidal Potomac. More than three quarters of the basin's 5 million people live in the Washington metropolitan area.

The Basin: 

The Potomac River Basin comprises the land and water drained by the river and its tributaries. Government boundaries, however, rarely follow hydrologic lines. The Potomac River’s main stream is the south boundary of Maryland, but other states and country lines cut across the divides separating the Potomac drainage from other basins.

Land drained by the Potomac is 35% of Maryland, 14% of Virginia, 14.5% of West of Virginia and 3.5% of Pennsylvania and 100% of the District of Columbia, which contributing to some of the unique involvement of the Federal government in planning the Potomac River Basin.

Drainage area includes in four states: Maryland (3,818 sq. mi., 26%), Virginia (5,723 sq. mi, 39 %.), West Virginia (3,490 sq. mi,23.8%.), Pennsylvania (1,570 sq. mi, 10.7%.), and the District of Columbia (69 sq. mi., 0.5%   ). (ICPRB,2001)

Landforms: 

The basin lies in five geological provinces: Appalachian Plateau, Ridge and Valley, Blue Ridge, Piemont Plateau, and Coastal Plain.

Unconsolidated deposits occur mainly in the Coastal Plain and in isolated areas of alluvial deposits along stream channels in the Valley and Ridge. Crystalline rocks underlie only the Piedmont and Blue Ridge in the central and eastern parts of the basin. The entire basin west of the Blue Ridge is underlain by sedimentary rocks; these rocks are mainly siliciclastic, with areas of extensive carbonate rocks, particularly in the Great Valley. 

Figure 1.7  Generalized geology and physiography in the Potomac River Basin 
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Source: Ator, S.W., Blomquist, J.D., Brakebill, J.W., Denis, J.M., Ferrari, M.J., Miller, C.V., and Zappia, H., 1998; USGS, 1998

(modified from Fenneman and Johnson, 1946; Milici and others, 1963; Cardwell and others, 1968; Cleaves and others, 1968; King and Beikman, 1974; and Berg, 1980).

Major Tributaries: 

Shenandoah, South Branch, Monocacy, Savage, Cacapon, Anacostia, and Occoquan Rivers; Antietam and Conocoheague Creeks. (Figure 1.8)
Major Cities: 

Gettysburg and Chambersburg, Pa.; Rockville, Cumberland, Hagerstown, and Frederick Md.; Alexandria, Front Royal, and Harrisonburg, Va.; Harpers Ferry and Martinsburg, W.Va.; Washington, D.C. 

Counties include Montgomery, Fairfax, Loudoun,etc.(Figure 1.9)

Figure 1.10 Generalized land use in the Potomac River Basin 
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Source: Ator, S.W., Blomquist, J.D., Brakebill, J.W., Denis, J.M., Ferrari, M.J., Miller, C.V., and Zappia, H., 1998; USGS, 1998

(modified from Vogelmann and others, 1997; and Hitt, 1994). The basin is predominantly forested, with smaller areas of agriculture and urban development

 Figure 1.11 Major land use in the Potomac River Basin,1994

The Potomac River watershed is about 50% covered by forest, 33% is in agriculture, and about 11% is developed urban and suburban land right now.  From 1982 to 1992, developed land increased by approximately 18,000 acres per year.(CBPO, 1995)
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Source: Ator, S.W., Blomquist, J.D., Brakebill, J.W., Denis, J.M., Ferrari, M.J., Miller, C.V., and Zappia, H., 1998; USGS, 1998

(modified from Vogelmann and others, 1997; and  Hitt, 1994)  

Population: 

Approximately 5 million; 3.7 million in Washington Metropolitan Area. (1990 Census)

   Major Industries: 

Agriculture and forestry throughout the basin; coal mining, pulp and paper in the North Branch; chemicals in the Shenandoah Valley; high-tech, service, and light industry, military and government installations in the Washington Metropolitan Area; fishing in Potomac Estuary. 

Major Water-Quality Issues

Water-quality problems have occurred historically and are still occurring in surface and ground water in certain parts of the Potomac River basin. Some of the major water-quality issues for the freshwater resources of the basin are: 

1. Acid drainage from coal mines in the North Branch Potomac River; 

2. Bacteria, nutrients, and heavy metals from sewage-effluent discharges, particularly downstream from major urban areas; 

3. Sediment, nutrients, and pesticides from agricultural activities, particularly in streams in the Valley and Ridge and  Piedmont provinces; 

4. Heavy metals, organic chemicals, and high biochemical oxygen demand from industries and businesses, particularly in the North Branch Potomac River and developed areas; 

5. Sediment, nutrients, heavy metals, and organic chemicals in runoff from urban and suburban areas; 

6. Degradation of ground water by non-point source contaminants, such as fertilizers, manure, pesticides, septic effluent, and road salt, particularly in areas underlain by limestone; 

7. Acidification of streams by atmospheric deposition, especially in reaches underlain by quartzite, sandstone, and other rocks whose composition cannot neutralize acidic input; and Natural radioactivity (primarily radon) in ground water in crystalline rocks of the Blue Ridge and Piedmont provinces. (Gerhart, J.M., 1991)

Flow: (Figure 1.12)
The average flow of the Potomac near Washington, D.C., is 7,440 million gallons per day(26.5 million cmd) for the period 1930-89. The maximum flow during that period was 312,800 million gallons per day on March 19, 1936; the minimum flow was 388 million gallons per day)(1.47 million cmd) on September 10, 1966. . The difference of flow is almost 500 times.

The major tributaries of the Potomac River are the North Branch Potomac, South Branch Potomac, Shenandoah, Monocacy, Savage, Cacapon, Anacostia, and Occoquan Rivers, and Antietam and Conococheague Creeks. During 1951-90, the Potomac River provided about 15 percent of the estimated 49,300 million gallons per day total inflow to Chesapeake Bay. Less than 3 percent of the drainage in the Potomac River basin is regulated by dams. Only three reservoirs have surface areas of more than 1,000 acres: Jennings Randolph Lake (1,184 acres), Mt. Storm Lake (1,100 acres), and Occoquan Reservoir (1,840 acres). (Gerhart, J.M., 1991)

Water Supply: 

In 1985, water withdrawn from streams and aquifers in the Potomac River basin averaged 5,681 million gallons per day, over 95 percent of which was surface water. Most of that water was used for thermoelectric and hydroelectric power production--only 570 million gallons per day were for public supply. (Gerhart, J.M., 1991)

Average of approximately 460 million gallons of water withdrawn daily in the Washington area for water supply. Approximately 100 million gallons per day of ground water used in rural areas.

  Figure1.13 Freshwater withdrawals in the Potomac River Basin
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Source: Ator, S.W., Blomquist, J.D., Brakebill, J.W., Denis, J.M., Ferrari, M.J., Miller, C.V., and Zappia, H., 1998; USGS, 1998 (data from H.A. Perlman, U.S. Geological Survey,  written commun., 1993). 

1.4 POTOMAC RIVER VS. TAIWAN’S RIVER

In comparison, Potomac River Basin (38,000 km2) has the nearly as same as the size with  whole Taiwan(36,000 km2), but the population of Taiwan is about 4.5 times than the Potomac River Basin. The average precipitation of Potomac River Basin  is 1244mm/yr (49 inches), although the mountainous regions have experienced as much as  1524mm/yr. The average annual precipitation (mm/yr) in Taiwan reaches 2500 mm. It is almost twice of  the Potomac River Basin.

Potomac River Basin and Taiwan has the same uneven time distribution precipitation.   Especially in south Taiwan, 90% of the annual rainfall occurs during the rainy season, from May through October. For example, the Kaopin River, the biggest watershed in Taiwan, is 3046 mm per year, but 90% of rainfall occurs between May to October.

Due to extreme rainfall intensity, steep river slope, rapid flow conditions and high runoff coefficient of watersheds in Taiwan, peak discharges per unit drainage area are the largest in the world.(WCA,2001) 

Table 1.1  Comparison of Taiwan River and  Major Rivers in the World
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Mile River 6648 33490 2640 7.9%10*
Amazon River 6500 705.00 175000 25107
Yangtze River 6300 18085 31060 17510
Mississippi River 6020 32210 18410 5.7%10%
Vellow River 5464 7520 1820 24*10%
Ob River 5410 299.00 12700 4.2%10%
La plata 4700 297.00 14880 5.0%10%
Congo River 4700 34570 41300 1.2%107
Melcang River 4500 81.00 11000 1.4%107
Heilung River 4440 18550 9800 53%10%
India River 3180 96.00 7000 7.3%10%
Dannbe River 2850 81.60 6430 7.9%10%
Rhine River 1320 2240 2500 1.1%10%
Sinno River 367 119 3%5 3.0%107
Thames River 338 114 67 5.9%10%
Choshui River 186 031 24000 77

Kaopin River 170 03 24200 76

Tamshui River 158 0.27 23000 85

Tsengwen River 138 011 9200 84

W River 116 020 21000 105





Source:WCA,2001

 (WCA, 2001)  The same situation is in the Potomac River. But, Comparing to Potomac River, Taiwan rivers meet more difficult situation.  Three biggest Taiwan’s  river (Choshui , Kaopin and Tamshui River) only has 1/10 of Potomac River basin, however, the peak discharge is almost twice of Potomac river.( Table 1.2 )

Table 1.2   Comparison of Potomac river and Major Rivers in Taiwan

	Name
	Length(km)
	Drainage Area

(KM2)
	Average Precipitation

(mm/yr) 
	Peak Discharge (m3/s)

	Potomac River
	612
	38,000
	1244
	13760*

	Choshui River
	186
	3,100
	2081
	24000

	Kaopin River
	170
	3,200
	3046
	24200

	Tamshui River
	158
	2,700
	2934
	23000


Resource: Potomac River :ICPRB;   Taiwan rivers:WCA ,2001

*U.S.G.S., Water Resource Data,1997

In the Potomac River, acid mine drainage, siltation, industrial wastes, debris, effluent discharge, bacteria, and urban and agricultural runoff all contribute their share to the river’s pollution. Forty years ago, the Potomac river was “open sewer” and heavy polluted.  In 1966, President Lyndon Johnson declared the Potomac a “national disgrace.”  At the same time, this region fought for the water. In 1980s, the Potomac River region built up regional cooperation model to use water wisely. Presently, the river is enjoying a resurgence of good water quality. In contrast, Taiwan’s rivers are still “ open sewer”. Serious pollution of the rivers threat to the ecosystem and human health.  In the late 1990s, water shortage in south Taiwan created “ the water war” among different counties. When the Potomac River Interstate Commission celebrated their 60th anniversary, Taiwan just had the first river basin agency in the Kaoping River in 2000. Taiwan’s rivers situation is more similar to the Potomac River in the 1960s.

1.5 OBJECTIVE, SCOPE AND METHODOLOGY

Potomac River is a river basin and Taiwan is a whole country. Instead of comparison, the purpose of this study is try  to examine the experience of the Potomac River Basin management and apply to Taiwan’s water management .  
The research adopts a case study approach. The study focuses on two cases of the Potomac River -- the Cooperative Water Supply Operations on the Potomac River (chapter 4) and Fairfax County Water Intake Battle (chapter5).    Based on available data, field interviews and literature reviews, the study addresses three main questions: 

· What inner and outer forces have driven the Potomac River’s change through the past 40 years? And why did it happen?

· What kinds of the institution rearrangements or new legislatives have driven those changes? 

· Is this watershed experience special case or it could apply to another watershed or another country?   

CHAPTER 2

TAIWAN WATER CONCERNS

2.1 OVERVIEW

   Overall, the environmental loads in Taiwan are extremely heavy which has caused the damages to water quality and creates tremendous pressure to water quantity. Due to only 6.54% sewer system in Taiwan, most of the urban wastewater, is flushed into the rivers. Agricultural, industrial poisons and human waste have now polluted Taiwan’s major rivers. 

Water resource planning and management has also been a subject of debate and controversy in Taiwan in recent years.  To meet the growth of water demand from new industrial development, the government has proposed development of major reservoirs and diversion projects.  The predominantly supply-side approaches adopted by the water development agencies have been criticized as outdated and lacking considerations for environmental, social and economic factors.  (Kondolf, et. all, 2001)

2.1.1 WATER QUALITY

The population in Taiwan is nearly 23 million with the density of about 600 persons per square kilometer which ranks the second highest in the world. Most people reside in the 6,000 square kilometers of urban areas. Thus the population density at habitable areas in Taiwan may be practically considered among highest around the world. In addition, the vast investment in Taiwan results in the establishment of 11,000 factories over the past decades, and this number is over 4.7 times higher than in the 1970s. The livestock farming industry, especially the pig-raising farms, has also been significantly expanded with the increased living standards in Taiwan. About 7 million hogs are still being raised around the island, which pollution is equivalent to additional 30 million people. (EPA, 2001)

A substantial number of Taiwan’s one hundred thousand factories have been located in the countryside, on rice fields along waterways and near private residences. In order to maximize competitiveness, factory owners disregard whatever waste-disposal regulations exist and simply dump much of the waste into the nearest waterway. As a result, 20% of farmland are polluted by industrial wastewater, more than 50,774 hectare are serious contaminated by heavy metals, including mercury, arsenic and lead.(Cheng.et. al, 1996)

In summation, these achievements in economics have caused severe environmental degradation in Taiwan, which also results in poor environmental qualities in Taiwan. (EPA, 2001)

 Deforestation

Sediments are one of the major natural pollutes in the rivers. Most of the mountain regions in Taiwan are sedimentary and metamorphic rocks, which are fragile and highly weathered. Severe erosion occurs due to intensive rainfall, rapid flows, and deforestation. (Cheng, I., 1998) 

Deforestation, however, accelerated the sediment rate. In Taiwan, forests have been cleared to accommodate industrial and residential development and to provide space on plantations for fast-growing conifer, tea and vegetables. The virgin broadleaf forests that once covered the entire coast have now been almost completely destroyed. The vast network of roads built to open up the forests to logging, agriculture, and development have caused serious soil erosion, especially in the mountain areas, where whole slope of bare soil have slide away. (Bello  and Rosenfeld 1990)

 Agricultural Pollution 

Efforts to maximize agricultural production for export-oriented plantations have led to tripling for fertilizer use between 1952 to 1980(Goldsmith, E. 1997), which has led to soil acidification, zinc losses, and decline in soil fertility, with water pollution and fertilizer runoff contaminating surface water and groundwater.  The use of pesticides has also increased massively and become the one of the major source of contamination of Taiwan’s water.

 Industrial Illegal Dumping

The most serious and damaged pollution are toxic and garbage dumping along the rivers. Illegal landfill and toxic waste dumping directly ruined the ecosystem and threat to human’s drinking water.(Cheng, 1996) 

The most recent toxic dumping cases were discovered in July and October of 2000. More than 18,000 tones of toxic waste were funded illegal dumping  into the Kaoping River in southern Taiwan which left 3 million residents in and around Kaohsiung city without drinking water for five days. In October, 100,000 barrels contaminated with toxic chemical waste has been found to dump in upstream of Ta-du river in central Taiwan, which already create downstream fishes death. That toxic chemical solvents, including potassium hydroxide, silica and hydrofluoric acid.

2.2 Water Quantity: Demand and Supply

Water allocations consist of three main categories: agricultural (including irrigation, husbandry, and agriculture), domestic (including residential and commercial), and industrial.  In 1996, agriculture, domestic and industrial water uses were respectively at 74%, 16% and 10% (WRB, 2000a).  According to government estimate, the total water demand in 2021 will be 22.4 billion CM, within which agriculture allocation will remain the same while domestic and industrial allocations will increase by 2.4 billion CM and .8 billion CM respectively.  To meet the total increase of 3.2 billion CM, government agencies are planning to build 16 new reservoirs, 3 diversion weirs and raising the embankment of one existing reservoir (WRB, 1996).

Because of uneven temporal and spatial distribution of rainfall, water resources development in Taiwan has been focused on reservoirs and river intakes to supply domestic, industrial and agricultural demands.  There are currently 50 reservoirs in Taiwan with total effective storage capacity of approximately 2.2 billion CM, providing an average of 4 billion metric tons of water per year. During past decades, the increase in total water use in Taiwan accelerated Taiwan dam’s construction from 5 big reservoirs in 1945 to 50 reservoirs in 1997,  increasing  total storage capacity from 239 million CM to 2206 million  CM.

  Public water utility serves about 18 million people with a total of 2.5 billion CM.  In addition, irrigated farmland totals approximately 400,000 hectares (WCA, 2000; WRB, 1996).  Use of groundwater varies in quantity from wet to dry years.  In dry years, when less surface water is available, groundwater supplies approximately 41% of annual water demands (WCA, 2000).  Overdraft of groundwater has been a major problem.  The total groundwater withdraw has reached 7.1 billion CM annually.  However, the annual natural recharge is only 4 billion-CM (Hsu, 1998: 64).  In 1995, the average annual water consumption per capita in Taiwan was 121 CM, almost doubled the amount of 66 CM from 1977.

But, Taiwan has among the highest erosion rates in the world (Kondolf G.M, 1998), with denudation rates of 20 mm/yr. reported for the Central Range. The result is that sedimentation poses a serious threat to sustainability of water supplies from reservoirs (Hwang 1994). Chingtsau Lake is already 100% filled with sedimentation, 5 reservoirs have 50% sedimentation filled, and nearly 50% of Taiwan’s reservoirs have sedimentation rates that exceed 20%. Even most of reservoirs have been built after 1950.

2.2 CURRENT ISSUES IN WATER RESOURCE PLANNING AND MANAGEMENT

The government’s 1996 Water Resource Policy White Paper identifies the following issues in water resource that the country is confronting (WRB, 1996):

· Increasing difficulty of developing water resource.

· Ineffective utilization of existing water resources.

· Poor management of groundwater.

· Severe pollution of water source.

· Disadvantaged natural environment prone to water problem.

· Poor management of catchment area and over-concentration of population in low-lying areas.

· Difficulty in the implementation of flood prevention and drainage projects.

· Poor management of waterways.

· Poor maintenance of facilities.

· Uneven standards in flood prevention and drainage facilities.

· Improvement in the quality of basic water resource data.

· Adjustment of water resource management organization.

· Insufficient water resource development funding.

· Insufficient professional water resource personnel (need for strengthening training).

· Outdated water resource statutes and regulations (need for assessment and change). 

The lengthy list nevertheless falls short of completely describing the currently issues in water resource planning and management in Taiwan.  However, three important themes can be identified from the list, which are obstacles to water resource development, protection of water quality and upstream watershed, and institutional restructuring. (Kondolf, et. all, 2001)


2.2.1 Obstacles to Water Resource Development

The difficulty of new water resource development reflects on one hand the physical constraint in the lack of suitable reservoir sites, and on the other hand the social constraints in the strong resistance from affected communities and increasing number of environmental organizations.  Many of the proposed reservoir sites overlap with wildlife preserve or have active earthquake faults underneath them.  Resistance from affected communities and environmental groups have either halted or delayed construction schedule.   Despite the two constraints, it has been the government's policy to meet the ever-growing demand particularly from the industrial sector.  Under the government plan to develop the country into a “Science and Technology Island”, the government has proposed to build 20-30 high-tech industrial parks throughout the country.  At the same time, major heavy industrial developments have also been proposed for Central and Southern Taiwan.  According to the projection of WRB’s Water Resource Policy Guideline (1996), anticipated water demand by 2021is 22.4 billion CM (agriculture: 15 billion; domestic: 4.8 billion; industry: 2.6 billions).  Compared with water demand in 1990, domestic water demand is expected to double, and industrial water demand is expected to increase by additional 800 million metric tons, together creating a need for additional 3.2 billion metric tons.  Agricultural water demand is expected to maintain zero growth (WRB, 1996). 

2.2.2 Threats to Water Quality and Upstream Watersheds

Pollution of rivers and groundwater are threatening the quality and safety of water resource as well as limiting the capacity of water supply system.  Poor coordination among the responsible agencies and the lack of funding for effective local reinforcement has often been cited as the primary causes.  In the upstream areas, severe erosion due to over-development of hillside has contributed to flood and sedimentation.  The sedimentation is in turn reducing the capacity of existing reservoirs.  In urban areas, domestic and industrial wastewater remains largely untreated.  The wastewater discharge has in turn contaminated the sources of water supply.  In rural areas, overuse of pesticide and chemical fertilizers have polluted both surface and groundwater.  In the coastal region, overdraft of groundwater has also induced saltwater intrusion, jeopardizing groundwater quality in the regions. (Kondolf, et. all, 2001)


2.2.3Institutional Restructuring

The underlying problem in development and management of water resources and the protection of catchment area has been the existing institutional arrangement.  Ko (1998: 7) identifies 3 major problems in water resource administration: (1) lack of integration of management authority, (2) institutional separation of water, land, and forest policy and management, and (3) excessive number and low status of water conservancy agencies.  Three problems in the spatial management of water resource are also identified: (1) conflicts in administrative boundaries and physical boundaries of watersheds; (2) different administrative agencies along different sections of rivers, and (3) problem in implementation of floodplain management (Ko, 1998: 7-8).  The scattering of authorities and responsibilities among the various agencies creates problems of coordination and conflicts as result of the different agency objectives (Chou, 1999).  Particularly, it creates a problem in the management of streams and watersheds that cross many jurisdictional boundaries.  In addition, agencies that give orders at top (particularly WCA) have the most resources in terms of budget and personnel.  On the other hand, the local agencies lack both budget and personnel to implement the plans.  Lack of planning and research personnel also limits the effective implementation of policies and plans at the local level ((Kondolf, et.al. 2001).

The institutional problems have resulted in poor management of water resources.  Particularly, major reform is also needed in the current system of water rights and water pricing. In many rivers, the water rights allowance has already exceeded the natural capacity of the rivers. (Kondolf, et. all, 2001)

Under the Water Conservancy Act (Section 1, Article 2), water is considered as a State property.  While Irrigation Associations hold the rights to agricultural water supply, there is currently no formal mechanism to exchange or purchase of water rights.  In Pingtung County for example, Taiwan Sugar Co. holds the water rights to 80% of groundwater and 20% of surface water, an amount equivalent to the amount of annual supply by the proposed Meinung Dam (Pingtung County Government, 1999).  Because of lack of funding and personnel, the system of water rights often falls into a formality of granting them to who ever apply (Yu, 1998: 3).  Facing election pressure and demand from industries, the pricing structure has not been able to reflect the true cost.  As a result, the pricing structure has not been an effective tool in controlling demand (Pingtung County Government, 1999). 

2.3 LEGAL AND INSTITUTIONAL FRAMEWORK

2.3.1 Laws and Regulations

The water resource statues in Taiwan are scattered in various laws.  The main law is the Water Conservancy Act, which provides the basis for government administration on flood-control, irrigation, drainage, storage and supply of water, building of harbor, navigation of inland water and development of hydroelectric power.  Other statues and regulations concerning watershed management and control of water quality include the Water and Soil Conservation Act, Waste Regulation Act, Water Pollution Regulation, Hillside Land Conservation Act, Cultural Heritage Protection Act, Urban Planning Act, Environmental Impact Assessment Act, Regional Planning Act, National Park Act, Mining Act, and Soil and Mineral Extraction Act.  Many of these laws are outdated and unsuited for addressing current issues in water resource planning and management (Chou, 2000).  Coordination under the numerous laws presents another important issues.  Particularly, there is also a lack of nationwide land use planning law to provide a basis for regulation of water, land and forest resources (Kondolf, et. all, 2001)


2.3.2 Institutions

Water resource administration in Taiwan is highly centralized and at the same time highly scattered. The contradiction lies in the concentration of resources and expertise vis-à-vis the scattered responsibilities.  The centralized vertical structure follows a top-down decision-making system with policy research related human resources concentrated at the central government level and implementation personnel concentrated at the local level .  Over 80% of personnel work in the formerly provincial level agencies, principally in the Department of Water Conservancy, which is now a Central Government level agency under the name of Water Conservancy Administration (WRB, 1996

).  Annually, a huge amount of resources are spent in water resource related infrastructure, averaging 25.3 billion NT$ per year in recent year (WRB, 1996).  The budget is concentrated and controlled at the national level.

At both central and local levels, responsibilities are dispersed among numerous agencies and departments.  The different agencies are distinguished by their organizational functions.  There are 3 types of water resource related agencies -- water conservancy agencies, public utilities, and supervising agencies of public utilities (Ko, 1998: 3).  At the highest level of the water conservancy agencies are Water Resource Bureau (WRB) (in charge of water resource conservation and development) and Water Conservancy Administration (WCA) (in charge of implementation and supervision of water work projects) both under the Ministry of Economic Affairs (MOEA) 
.  In accordance with the MOEA’s current organic law, the ministry is responsible for national economic administration and economic construction, with a scope of functions encompassing industry, commerce, trade, energy, and mining (MOEA, 1999).  

WRB was established under the MOEA in 1996 (preceded by “Water Resource Comprehensive Planning Commission”) and has served as the lead agency in water resource administration.  With personnel of 108, WRB is mainly in charge of policy and planning.  Formerly a provincial level agency (Taiwan Provincial Government Water Resources Department), the Water Conservancy Agency is now an agency in the Ministry of Economic Affairs parallel with WRB.  WCA’s main tasks are flood prevention and water resource development.  Specifically, it has been in charge of levee construction, dredging, flood diversion and detention, water management and drainage improvement.  There are 14 subordinates under WCA including the Institute of Planning and Hydraulic Research, 10 River Basin Management Bureaus and 3 Regional Water Resources Bureaus.  The agency is also responsible for supervision and management of Taiwan Provincial Water Supply Corporation, a public utility company (WCA, 2000b).

At the local level, under the Water Conservancy Act, water resources administration (including water resource development, distribution, utilization, control, management and conservation) within the counties is under the jurisdiction of the county governments.  The Provincial Government was formerly in charge of water resource involving 2 or more counties.  Since most major rivers in Taiwan run through more than one county, the water related affairs (e.g. registration of water rights, water resource development projects) usually fall under the jurisdiction of the province.  In addition, the Provincial Government (and Taipei City) is also charged with setting the price for water, setting up “water resource protection areas”.  At the local government level (Provincial Government), Division of Rivers and Division of Water Resource function underneath the Department of Water Conservancy, in charge of flood control and water resource development, respectively.  The 2 agencies also supervise county level affairs.  With the streamlining of Provincial Government in 1999, the responsibilities have been transferred to Central Government level agencies.  The corresponding agencies at the county level are the Department of Construction and its Division of Water Conservancy and the Division of Land Administration.  Because the county governments are poorly funded, there continues to be a lack of implementation personnel and planning staff.  As a result, it remains impossible for local governments to have the capacity for carrying out comprehensive regional water resource planning and management, unless there is close collaboration with academic community and NGO’s (Chou, 2000).

Water resource problems are related to management of sources and the quality and quantity of water.  Therefore, the horizontal institutions include conservation-related agencies, such as the Council of Agriculture (forestry and water and soil protection, supervision of local Irrigation Associations), 

Environmental Protection Agency (water quality and waste management), Construction and Planning Administration (development permit of urban and non-urban land, national parks, urban sewage, management of water resource catchment area), as well as development-related agencies such as Ministry of Economic Affairs (mining, power, industry, sugar), Ministry of Communication and Transportation (highway, airport, harbor, tourism, meteorology and communication), and Ministry of Defense (military facilities) (Ko, 1998: 5).  Finally, public utility agencies include Water Supply Corporations under Ministry of Economic Affairs and Taipei City Government, local Irrigation Association (quasi-NGO’s), and Taiwan Power Company in charge of hydropower (Ko, 1998: 5-6). 

The administrative authorities and responsibilities are also scattered spatially across the landscape.  Upstream forests and mountain areas are under the jurisdiction of the Department of Forestry under the Council of Agriculture and water and soil conservation agencies.  On the other hand, downstream areas are under the jurisdiction of water conservancy agencies (for flood control) and environmental protection agencies (for water quality control).  In urban areas, the sewage system is controlled by Housing and Urban Development Bureau (formerly under the Provincial Government). In addition, the local quasi-governmental Irrigation Associations are in charge of administering agricultural irrigation water supplies and infrastructure. (Kondolf, G. M., Hou, J. and Tu, W. 2001)

Because of the large number of agencies involved in water resource development and conservation, there is often inconsistency between rights and responsibilities.  Among horizontal organizations, because of the long-time control of the government bureaucracy by political parties, there is a lack of recognition for administrative neutrality.  Each agency also tends to develop its own institutional culture.  As a result, conflicts become business as usual in cross-agency efforts (Chou, 2000).  For example, when vertical institutions attempt to inquire about policies of horizontal agencies, it becomes no more than an exchange of memos if there is no political arm-twisting by higher officials.  "Efforts of coordination require strong wills on the part of the high officials in order to be done efficiently".  To resolve these issues, there have been recent attempts to consolidating the different jurisdictions into watershed-based institutions (Kondolf, et.al, 2001 )

2.4 CONCLUSION

Water is limited resource. But, Taiwan’s water policy still more emphasizes on the supply-side and structural approach than demand-side and non-structural water management. Construction of large reservoirs and diversion projects has continued to be the primary approach of government agencies. The 1996 Water Resource Policy White Paper states that the government will adopt approaches that balance conservation and development.  However, despite the policy of government agencies to adopt sustainable approaches, building of major reservoirs and diversion infrastructure remains as the primary means of meeting the projected demand.  The WRB has planned to building 16 new reservoirs, 3 diversion weirs, and by raising the embankment of one existing reservoir.  Overall, this will add over 3.2 billion metric tons of water to the existing supply (WRB, 1996). 

Lack of adequate watershed institutions brought more difficulties to deal with whole basin problems.  The major effort needed to made in the future, including

· How to clean up the rivers and manage water to meet future demand?

· How to deal with the conflict among different jurisdictions, bureaucratic agencies and environmentalists?

· How to deal with the inter-counties water development project which related to the local economic development?

· How to deal with the water right and compensation problems among different users and different region?

CHAPTER 3

POTOMAC RIVER 1940~2000
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Figure 3.1 
 Potomac River of Great Falls   source: picture by Ichin-Cheng

3.1 OVERVIEW

In the United States, the Potomac River (Figure 3.1) has been called “The nation’s river” and represents one of the successful stories in water quality restoration and water quantity allocation.
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Naturally, the Potomac is a “flashy” river because the flow in the river rapidly rises and falls with the amount of precipitation that falls and runs off into the river. Its fluctuations between peak and low flows are greater than any other major river in the eastern United States.  Seasonal fluctuations in flow are significant in terms of pollution and the aquatic ecosystem. There have been two major droughts in the Potomac watershed in 20th century: One extended from 1930 to 1932 and the other from about 1962 to 1966.  There are additional droughts that extended over a couple of years in the 1960s and 1970s.  There have been several major floods in the basin over the past 50 years: 1942, 1949, 1954, 1972, and 1985. The floods have produced peak flows 4.5 to 6 meter (15 to 20 feet) above normal river stage (Figure 3.2), and have inundated urban areas to a depth of 10 feet (ICPRB, 1990).
◄ Figure 3.2  Potmac River high flow record 

source: picture by Ichin-Cheng in the Great Falls
    Historically, the Potomac River estuary was once a diverse, productive ecosystem and it yielded some of the largest United States east coast fish harvests for many years in the 19th century.

The Potomac River, however, had been environmentally degraded. The Potomac River was the receptacle of industrial and sewage wastes, agricultural runoff, and acidic discharges from mining operations during 20th century.  The stench from sewage discharged into the river was so bad during the Civil War that President Lincoln was said to have left his home near the river on summer nights.  In 1951, thousands of fish were killed due to low oxygen levels in the river and the Washington Post called the river an “open sewer.”  In 1966, President Lyndon Johnson declared the Potomac a “national disgrace” (BJ, 1994). Abundant nutrients, especially phosphorus, nitrogen, and organic matter, caused excessive algal growth, low dissolved oxygen levels and high turbidity in the Potomac River Estuary. (ICPRB, 2001)

 After water quality of the Potomac River gaining nation-wide attention, water quantity became another important issue during  the1960s-1970s in the Potomac River Basin. 



Since the 1940s, numerous efforts have been made to create a lasting institution to manage the Potomac River.  The Potomac River has become a “showcase” to demonstrate the positive benefits of watershed management in the United States.  The Potomac River was partially restored.  Through regional cooperation, the river is projected to provide water to municipalities. 

Many different factors were responsible for the restoration of the Potomac River, including technological improvements, scientific research, economic incentives, values changes, and the legislature and institution setup.  The focus of this chapter is to briefly review the success of the improvements made to the Potomac River, and then examine the legal and institutional framework used in this process.

3.2 HISTORICAL REVIEW: 16th CENTURY~1940

The name “Potomac” means “trading place” in Algonkin, the language of the indigenous people who inhabited the area at the time of contact with Europeans in the 17th century.  

From its mountain headwaters in West Virginia, through the agricultural headlands and valleys of the Appalachian piedmont, past old manufacturing towns and battlefields, sweeping around the nation’s capital where it broadens to a great historic waterway through Maryland and Virginia, the Potomac River has nurtured cultures, trade, migration, and living resources for more than 10,000 years (PRHP, 1993).  

When European settlers first discovered the Potomac River in the early 1600s, the streams meandered through mostly unbroken forests and wetlands. Beavers were abundant; their ponds provided diverse aquatic habitats.  Old trees died, fell into streams, and created a labyrinth of logs, limbs, and roots that sheltered fish and other aquatic animals.  Rain soaked into the sponge-like forest floor, slowly replenishing streams with fresh groundwater during dry periods.  In 1608, Captain John Smith described the Potomac as “... frequented by otters, beavers, martens, and sables.  Neither better fish, more plenty, nor more variety for small fish had any of us ever seen in a place” (Boward, D., et al, 2000).

Trees were cut to provide fuel and to make room for farms and settlements.  Beavers were eliminated by settlers who were trying to meet an insatiable demand for fur.  To convert wetlands to farms, streams were straightened and cleared of wood for better drainage.  Over time, forests along streams were largely eliminated to maximize the amount of land utilized for agriculture by the settlers who consumed some of the food but also exported it back to Europe.  As the native vegetation was replaced by tilled and grazed agricultural lands, topsoil eroded into streams.  As a result of this land-use change, streams became warmer, muddier, and more vulnerable to erosion.  Nutrients, once retained by the wetlands and the spongy forest floor, were quickly routed to Chesapeake Bay.  From the European colonial period to the present, the land-use of the Potomac River Basin changed dramatically.(Boward, D., et al, 2000) (Table3.1)

As towns became cities during and following the Industrial Revolution, many streams became open sewers or were straightened and routed through barren concrete channels to quickly remove storm water from the nearby developed land and minimize flooding (ICPRB, 2001; Boward, D., et al., 2000).

Table 3.1  Summary of Land-use History in the Potomac River

	Period
	Dates
	Type of subsistence/

Agriculture
	Land area Cleared

(% of farms)

	Prehistory:

Non-agricultural
	11,000-2,500 BP
	Hunting & gathering Shellfish collecting 
	Little or none

	Prehistory Early Agriculture
	2,500 BP-AD 1200
	Hunting & harvesting shellfish

Selective plant gathering

Slash and burn horticulture


	Minimal

	Native American Agricultural
	1200-16334
	Slash and burn horticulture,

Hunting & harvesting & fishing
	Minimal

	European Colonial
	1634-1776
	Tobacco and small gardens, small livestock herds

 
	20% maximum

	Early Antebellum
	1776-1840
	Tobacco and wheat, small gardens and very small  livestock herds 
	20%

	Early National

Late Antebellum
	1840-1860
	Diversified agriculture and livestock (dairy and pig)
	38-43%

	Civil War to recent past
	1860-1940
	Diversified agriculture, industry
	35-37%

	Recent past
	1940-1974
	Diminishing agricultural production & urbanization of the greater Washington Metro Area
	19-35%



Source: Natural Resources Conservation Service, 1996

3.3 1940~2000: FROM NATIONAL DISGRACE TO SHOWCASE

3.3.1 Water Quality 

Pollutant Loads: Long-Term Perspective 

 The Potomac River has had a pollution problem for at least a century. The health of the Potomac River has also been a concern throughout history.

This area population grew 13-fold during the 20th century and now is about 5 million. According to a series of reports on the water quality in the Interstate Commission on the Potomac River Basin at the Piedmont Fall-line of the Potomac Estuary, it estimated landscape inputs from wastewater, agriculture and atmospheric deposition alone suggest total phosphorus loads at the fall-line rose at least 6-fold and total nitrogen loads rose at least 5-fold between 1900 and mid-1980s. Actual water quality measurements made near the fall-line show a comparable 5-fold rise in the concentration of  nitrate since 1913. Total residue and sulfate loads doubled, potassium and chloride loads rose 10-fold, and water became more alkaline in the same period. 

According the same research, the long-term perspective of water quality in the Potomac River Estuary shows the great improvement during the 1960s-1970s. (Figure 3.3-3.5) Total phosphorus at monitoring stations in the upper and middle Potomac River estuary decreased form average monthly concentrations that were at times greater than 0.6 mg/l in the late 1960s and early 1970s, to concentrations that rarely exceeded 0.15 mg/l after 1985. Long term (1965-1996) trends in total phosphorus concentrations showed declines of 69% to more than 95%. Long term trends in ambient concentrations of total organic carbon ( TOC) fell between 61%( upper estuary) and 12% ( lower estuary) to~6 mg/l as a result of wastewater treatments between 1940 and 1980. Dissolved oxygen (DO)improvement  as great as 25% in the upper estuary. DO levels between Washington D.C. and Maryland Point rarely fell below the 5 mg/l minimum requirement for a healthy habitat after 1980.( ICPRB, 2000)

 Because of the rapid population growth which  occurred after World War II, the Potomac river in the 1940s-1970s was in poor condition. 

In 1940, the basin’s population was 1.7 million. In the first comprehensive survey, in 1943, of water resources in the Potomac River Basin, the Commission stated that only 9% of the sewage from the 1.7 million people that lived in the watershed were served by secondary sewage treatment plants, 80% of the sewage of the residents were treated by primary treatment plants, and about 11% of the people were without any treatment facilities. (ICPRB, 1990). At the same time, in the upper basin, an estimated 173,000 pounds of acid from abandoned coal mines were added daily to the river, and many tributaries of the Potomac River were left barren and devoid of aquatic life from the acidic discharge. There was considerable siltation resulting from poor farming practice above Washington D.C. by 1949.  The annual “mud load” into the Potomac is estimated at well over 1.7 million tons. (ICPRB, 1990).

In the late 1950s, the observed dissolved oxygen levels were sometimes less than one part per million in the area between Giesboro Point and Ft. Foote.  The river was being used as a dumping ground. (ICPRB,1990) In 1951 thousands of fishes were killed by low dissolved oxygen during the summer.  The Washington Post calls the Potomac River "an open sewer. 

In the 1969 ICPRB Conference, “The Potomac was a severe threat to the health of anyone coming in contact with it…and was grossly polluted.”  There were more than 2 million people who produced a “roaring suburban tide” that would drain the central city and pave 500,000 acres of farmland with houses.  Stately monuments in the nation’s capital looked out on a “national disgrace.”  The River was a tangle of logs, trash, and raw sewage.  During the summer and early fall, mats of blue-green algae extended for 50 miles below Washington D.C., blocking sunlight and reducing the oxygen supply in the water.  The sight of thousands of dead fish belly up, rotting in the river was common.  Eating fish caught along the Washington D.C.’s shore and swimming in the river was prohibited (ICPRB, 1990).

According to the data from Potomac estuary at the Piedmont Fall-line: organic carbon loads from wastewater more than triples between 1913 and 1944, decreased 91% with better treatment over the next 40 years, and are now at pre-1913 levels. Phosphorus wastewater loads rose over 200-fold, peaked in the 1970s and decreased sharply (98%) before the mid-1980s in response to advanced treatment and phosphate detergent ban. Loads are now roughly equal to those of the 1920s. The estuary experienced a 8-fold rise in nitrogen wastewater loads during the 20th  century.

Major Management Action

The poor water condition of the Potomac River gained the nation-wide attention and stimulated management actions.

The formation of the Interstate Commission on the Potomac River Basin (ICPRB) was the milestone  to restore the Potomac River.

In 1956, the Congress enacted the Federal Water Pollution Control Act. The act provided Federal grants for research into water quality problems and aid construction of municipal wastewater treatment facilities. It also provided a means for enforcing compliance with the act’s requirements, including establishing of an enforcement conference that could set schedules for pollution cleanup activities. (Comptroller, 1982)

In 1957, the United States Public Health Service declared the Potomac River in the District of Columbia “unsafe for swimming.” The Department of Health, Education, and Welfare established a Conference on Pollution of Interstate Waters of the Potomac River (Enforcement Conference) in the D.C. metropolitan area. The conference held sessions in 1957 and 1958 which led to the establishment of programs requiring secondary waste water treatment to achieve 80% removal of oxygen demanding substances (BOD5) and disinfection. The conference also recommended control of storm water overflow from the mendations formed the basis of sewage treatment programs in the D.C. region through the 1960’s.

 The year of 1965 was an important moment.  The governors of the basin states and the president of the DC Council established a Potomac River Basin Advisory Committee to coordinate views on matters affecting the watershed.  The Water Quality Act of 1965 passed, establishing a Federal Water Pollution Control Agency and requiring water quality standards.  President Lyndon B. Johnson labeled the Potomac "a national disgrace," and sets 1975 cleanup goals.(ICPRB,2000)

By 1966, the Federal Inter-Departmental Task Force on the Potomac issued its report to the President.  It proposed the Potomac National River and maked recommendations.  The Clean Water Restoration Act passes, increasing grants for research, state programs, and construction of wastewater treatment plants.

The Clean Water Act of 1972 represented a major milestone in the United States for increasing water quality standards across the country, as well as for the Potomac River.  The landmark legislation provided the power and resources to restore the river (ICPRB, 1990).  For example, data collection by the states along the Potomac has expanded considerably since the early 1970s, largely as a result of requirements and funding from the 1972 Clean Water Act.

Under the Clean Water Act, new legislative initiatives were implemented, especially laws and regulations that controlled the negative impacts of sediment and storm water runoff.  The completion of numerous sewage treatment plant improvements was one of the major contributions to improving water quality along the Potomac River.  By the late 1970s the push to continue restoration efforts on the Potomac River cooled.  (ICPRB, 1990)

According to 1979 statistical data from the ICPRB, the amount of phosphorus and organic carbon decreased (by at least 50%), nitrogen and biochemical oxygen demand decreased (by 37%), chlorophyll decreased (by 29%) and dissolved oxygen increased (by 10%).

Difficulties of  Regional Cooperation

By 1969, the cleanup goal for the Potomac seemed more elusive than ever. The earlier Enforcement Conference goals have not been met: the river is described as "a severe threat to the health of anyone coming into contact with it."  A new Enforcement Conference is called, mandating the degree of treatment, capacity for growth, and regional commitments.  

In spite of the 1970 Memorandum of Agreement signed by local governments for the purpose of meeting 1969 goals, there was little agreement through better part of the decade on any front. Disagreement was rife, particularly over nutrient control strategies, among local and state water-quality managers and federal enforcement officials. Everyone seemed to blame others for river conditions. Most of the decade was marked by proposals, counter proposals, lawsuits, moratoriums, and meetings that left significant problems unresolved and attitudes bitter.(ICPRB, 1990)

The heat of struggle cooled in the last couple of years of the 1970s. Spurred on—by a committed public, the media spotlight, strengthened institutional arrangements, new legislative initiatives (especially sediment and stormwater control laws), planning processes, and technological improvements along with innovative applications—government agencies found solutions through cooperation. The Low Flow Allocation Agreement (1978) and  the formation of the ICPRB Section for Cooperation Water Supply Operations on the Potomac river,  reflected new attitudes and approaches.( ICPRN, 1990)   

Chesapeake Bay Program

Another major effort to restore the Potomac River Basin has been the multistate/federal Chesapeake Bay Program.  The Potomac River is the second largest tributary to Chesapeake Bay, accounts for 23% of the drainage area of Chesapeake Bay, and contains the largest population density.  Chesapeake Bay is the largest and most productive estuary in the United States, but pollution has caused a long-term decline in its health and productivity.  The Bay Program is a partnership that includes Maryland, Virginia, Pennsylvania, the District of Columbia, and the federal government, represented by the EPA.  More than 25 federal agencies are involved in the Bay Program.  In 1987, the states in the Bay Program committed to reducing nutrient pollution and sediment by 40% in each of their jurisdictions by 2000.

The Chesapeake Bay Restoration Act of 2000 reauthorized the EPA’s Bay Program, and allows the U.S. Congress to spend up to $40 million a year on restoration activities.  Restoration activities funded by the Bay Program include modeling and monitoring, as well as grants to states, nonprofits, local governments, and others.

The legislation also permanently established a Small Watershed Grants Program within the EPA for the Bay Program.  From 1997 to 2000, the U.S. Congress funded ($750,000 annually) the Small Watershed Grants Program.  The new program made future funding nearly automatic.  The bill also clears up technical details that prevented local groups from using watershed grants for certain restoration activities. The legislation also requires federal agencies that own or operate facilities within the watershed to develop and implement management plans that comply with nutrient reduction guidelines, habitat restoration and other commitments to the Chesapeake Bay Program.  The program requires federal agencies to participate in regional watershed planning programs.  While agencies committed to regional planning in a 1998 agreement, the act legally requires participation.In addition, the act requires the Bay Program to complete a report every five years to assess the health of the bay ecosystem and access whether current efforts are meeting restoration goals.  The act also recommends ways that existing strategies could be changed to improve the restoration activities (BJ, 2000).

3.3.2 Water Quantity

In the 1960s,  water supply problems became acute. The Potomac’s flow can vary greatly, hitting an all-time low of about 388 mgd at the Little Falls stream gage in September 1966 (at that time,about 300 mgd was diverted from the river).  Historical low flows prompted studies that recommended constructing 16 dams throughout the basin to supply water and control flooding.  During this period, the three water supply utilities realized that management of the river during low flows would be required to meet demands as the region grew.  Research begun at Johns Hopkins University in the late 1970s evolved into a management plan that utilized cooperative operations to meet water demands during droughts while meeting projected demands for water well into the next century.(Hagen and Steiner 1999) 

 The result was a series of agreements among the utilities that set operating rules for storage at Jennings Randolph Reservoir and Little Seneca Reservoir, which was constructed in Montgomery County, Md., and determined the coordination of operations so that all the utilities could meet demand.  The ICPRB CO-OP Section was designated as the managing agency for these operations.  In the agreement, the ICPRB was responsible for coordination of water resources during times of low flow.  The ICPRB provides information for managing the river’s flow to ensure that the flow meets or exceeds environmental flow recommendations established by a 1981 Maryland Department of Natural Resources study, and to meet utility demands in the Washington Metropolitan Area.  The management objectives embodied in the agreement and practiced by the ICPRB are to use the off-Potomac reservoirs to meet environmental flow requirements and municipal water demand.  The coordinated operation of the resources allows the regional water suppliers to meet demands without imposing restrictions the amount of water supplied to 2015. (Hagen and Steiner 1999). (see Chapter 4: Case Study) 

The Keys to Success in the Potomac River

There are four major features attributing to the success of the water quality improvement and water quantity allocation: 

1) The Potomac River runs though the Capital; 

2)  Legislature Setup;

3)  Institutional reform;

4)  Regional Cooperation

3.4 THE POTOMAC RIVER RAN THOUGH THE CAPITAL

The single most significant factor distinguishing the Potomac Region from other regions is the location of the national capital in the U.S.   

The Potomac River, as many other rivers running though the nation’s Capital, gains more attention and gets higher priority to cleanup.

3.4.1 Clean Potomac River Established as National Goal

The federal government became involvement in water management on the Potomac River in the early 1800s through navigation projects (Kenney and Rieke 1997).  However, the role of the federal government in water management issues grew significantly in the 1960s.  The federal government started to manage the water resources of the Potomac River watershed.  President John F. Kennedy urged the establishment of river basin commissions.  In 1961, amendments to the Federal Water Pollution Control Act increased the enforcement authority of federal agencies and increased funds for wastewater treatment plant construction and research.  This signaled a more solidified congressional interest in water quality.  In 1963, the comprehensive Potomac Basin Plan produced by the Army Corps of Engineers sparked years of water supply controversy, to which President Johnson responded by appointing an inter-agency task force.

  In 1965, President Lyndon B. Johnson pledged to clean up the nation’s rivers and urged that the Potomac become a “model of beauty and recreation for the entire country” His administration was committed to using “new conservation concepts and patterns of cooperation.” In this climate, the Water Quality Act was passed in 1965, establishing a Federal Water Pollution Control Agency and requiring water-quality standards. (1990, ICPRB;Comptroller, 1982).

In the late 1960’s metropolitan Washington, D.C., area governments adopted water quality standards for their interstate waters and the Federal Water Pollution Control Administration approved them, effectively making them Federal standards. Given the national goal to clean the Potomac River, it is not surprising that these standards were ambitious---making the Potomac suitable once again as a habitat for a healthy fish population and for swimming. Area governments expected to meet these standards by the mid-1970’s.( Comptroller, 1982)

3.4.2 Blue Plains Plant and Clean-up Effort

The strong political will transferred to capital investment in the wastewater treatment plant. To stop pollution from entering the Potomac’s main steams and tributaries through pipes, a major financial investment was made in the Potomac basin.  In the 1970s, $ 1.6 billion was spent on expanding wastewater treatment plants—Blue Plain wastewater treatment that treated 300 million gallons a day of sewage to the highest level of any plant of comparable size in the U.S. by that time.(Horton, 1991; ICPRB, 1990) The federal government financed about 75% of the construction costs, with the balance coming from local governments.(ICPRB, 1990) 

The first Washington, D.C. sewers were built in the 1870s to better channel waste water into the river. Sewage was untreated until completion of the Blue Plains Wastewater treatment Plant in the 1930s. 

In the 1940s, sewage from 154 urban communities was entering the basin. After treatment, the pollution loading on regional streams was equivalent to untreated wastes from 1.5 million people. In the 1904s, the ICPRB had determined that under summer conditions and average minimum flow, the area could absorb pollution from about 475,000 persons. The loading, however, already are well above this number. In the 1950s, the loading was even higher. There were 87 sewage treatment plants in the basin, with only about half considered adequate at treating discharged into the river.  The upper basin was contributing mostly untreated waste discharged from more than 100 industrial plants, in addition to municipal waste  (ICPRB, 1990)

Constructed in 1938, the Blue Plain plant 130 mgd capacity had to expand to 175mgd and than to 240 mgd in the 1950, and in spite of improved levels of treatment, was overloaded by 1971.( ICPRB, 1990) This situation contributed to a very unhealthy river and led to the third Potomac Enforcement conference in 1969. This Conference issued 15 recommendations to enhance the water quality of the Potomac estuary. The most significant recommendation called for construction of advanced waste water treatment facilities. The treatment level required removing 96% of the BOD5 and phosphorous and 85% of the nitrogen. This recommendation and the CWA became the basis of the upgrading and expanding the Blue Plains plant in the 1970s.   

In 1970, Metropolitan Washington local jurisdictions sign a Memorandum of Understanding, agreeing to expand Blue Plains to 309 mgd and allocating additional capacity and local share of costs.  In 1977, blue Plains advanced secondary treatment expansion is operational. In 1980, secondary treatment is achieved at all local waste water treatment plants(WWTPs).  

By 1986, pollution discharges from wastewater facilities had decreased by more than 90% since 1970.  By the beginning of the 1990s, most of the organic matter and phosphorus had been removed from wastewater effluents in the Washington D.C. metropolitan region, thus limiting the opportunities to further reduce these pollutants.  The population of the area continued to increase significantly from the mid-1980s to the present, increasing wastewater flows by about 10%.  Fortunately, continued improvements in wastewater treatment technologies have kept pace with the increases in sewage discharges.  The amount of phosphorus in discharged effluent has been reduced by regional sewage treatment plants by about 300 pounds a day from the mid-1980s to present, but this reduction is nowhere near the reduction of about 20,000 pounds a day from the mid-1970s to mid-1980s. (Magnien, R.,1999).

Large-scale nitrogen removal didn’t start until late-1996 at a wastewater treatment plant in Washington D.C.  In October 1996, half capacity of the District of Columbia’s Blue Plains Wastewater Treatment Plant was converted to a biological nutrient removal process, which is particularly effective at removing nitrogen.  This process, which has been operating successfully to this day, has lowered nitrogen concentrations in the treated portion of the wastewater effluent by about 60%, from approximately 14 milligrams per liter (mg/l) to 6 mg/l.  Overall, the amount of nitrogen discharged at the Blue Plains facility has been reduced by about 12,000 pounds per day, close to a third, since the first half of the 1990s.  A similar, reduction is expected when the remaining half of the waste stream is treated starting in the year 2000.  Since the Blue Plains Wastewater Treatment Plant contributed approximately 60 percent of the total nitrogen load from the regional treatment plants in the first half of this decade, these reductions are very significant (Magnien, R.,1999).

3.5 Legislature setup

The Rivers And Harbors Act of 1899

The act, also referred to as the “ Refuse Act,” is the first statute that addressed water quality in the United States, although the original purpose of the act was for navigation.  The act states that, “It shall not be lawful to throw…any refuse matter of any kind or description whatever, other than that flowing from the streets and sewers and passing there from in a liquid state, into any navigable water of the United States” ( 33 U.S.C. 401, Section13).

 The Water Pollution Control Act of 1948

The purpose of this act, enacted 50 years after the Refuse Act, was to control water pollution (P.L. 80-845).  It authorized the federal government to conduct research on water pollution problems and to make loans to municipalities for the construction of sewage treatment facilities (Portney, 1990).  Prior to the act, the responsibility of compliance and enforcement of water pollution was left entirely to the state and local governments.  There were no federal requirements in the form of goals, limits, or guidelines.  The act stated that it was the policy of congress to, “recognize, preserve, and protect the primary responsibilities and rights of the states in controlling water pollution” ( WEF and Kovalic 1993;NCP, 1999). 

 The Water Quality Act of 1965

This Act increased federal intervention in water quality (P.L. 89-234).  For the first time, states were mandated by the federal government to establish ambient water quality standards and develop implementation plans for controlling pollution from individual sources to meet those standards (Portney, 1990).  This act also created the Federal Water Pollution Control Administration, which sets general guidelines for the state standards and has oversight authority to approve the standards and implementation plans set by the states (WEF and Kovalic 1993; Water Quality 2000 1992). Under the act, state water quality standards could vary for different bodies of water throughout the state depending on the benefits and costs of attaining certain levels of water quality.  The states still bore the primary responsibility for issuing discharge permits for individual sources of pollution, and could impose fines and take enforcement action against violators (Portney 1990; NCP, 1999). 

 The Clean Water Act (CWA) of 1972

The Clean Water Act, adopted in 1972, was the most extensive federal legislation regulating water quality that I have profiled.  It instituted a national program to improve water quality in the United States 

The Clean Water Act developed objectives, goals, and policies for the nation and required each state to implement programs to achieve the federal objectives and goals.

Congress enacted this legislation in response to growing public concern toward water pollution.  The Clean Water Act is the primary federal law that protects the nation’s waters, including lakes, rivers, aquifers and coastal areas. 

The purpose of this complex, comprehensive law was to “restore and maintain the chemical, physical and biological integrity of the nation’s water”. The act  created unique partnerships between states and the federal government to improve water quality.  The federal government was charged with setting national standards and maintaining oversight, while the states managed water pollution control programs on a daily basis and local governments enforced and regulated compliance with the act.

The act’s significant provision included: assigning the primary responsibility of pollution control to the Environment Protection Agency, the establishment of “effluent limitations,” the creation of a National Pollution Discharge Elimination System (NPDES) that required a “permit-to discharged,” and a comprehensive planning section (208) that was innovative in terms of citizen involvement and for addressing non-point source pollution.

In practice, the CWA has proven reasonably effective in reducing chemical pollutants from point sources. However, it has failed to protect river ecosystems and biodiversity from the insidious degradation caused by non-point source pollution. CWA is also not successful in addressing land management practices such as timber harvesting, roadbuilding, grazing, agricultural practices and urbanization  which  destroy reparian areas, floodplains and biological hot spots and which change the physical structure of the system and the biological complexity of the waters through increased sedimentation and pollution. The most crippling limitations of the Act are: 1) It emphasizes permitting processes which are primarily reactive rather than proactive; 2) it emphasizes traditional water quality criteria to measure water body health; 3) CWA does not regulate all ecologically related portions of a riverine system.(Doppelt et al., 1993) 

 The Clean Water Act of 1977

The Clean Water Act of 1977 is an amendment to the Federal Water Pollution Control Act of 1972, which set the basic structure for regulating discharges of pollutants to waters of the United States. 

The 1972 CWA gave the EPA the authority to set effluent standards on an industry basis (technology-based) and  to continue setting water quality standards for all contaminants in surface waters.  The CWA makes it unlawful for any person to discharge any pollutant from a point source into navigable waters unless a permit (NPDES) is obtained under the act. 

The 1977 amendment focused on toxic pollutants.  In 1987, the CWA was reauthorized and again focused on toxic substances, authorized citizen suit provisions, and funded sewage treatment plants under the Construction Grants Program. 

The CWA of 1977 included provisions that required that the EPA delegate many permitting, administrative, and enforcement of the act to state governments, although the EPA still retains oversight responsibilities (EPA , 1977).

The Clean Water Act focuses on improving the quality of the nation’s waters.  It provides a comprehensive framework of standards, technical tools, and financial assistance to address causes of pollution and poor water quality, including municipal and industrial wastewater discharges, polluted runoff from urban and rural areas, and habitat destruction.  For example, the Clean Water Act requires major industries to meet performance standards in order to ensure pollution control.  The act further requires states and Native American tribes to set water quality criteria for water bodies within their jurisdiction and develop pollution control programs to meet the criteria.  The act provides funding to states and communities to help them meet infrastructure needs and protects valuable wetlands and other aquatic habitats through a permitting process that ensures development and other activities are conducted in an environmentally sound manner (EPA 2001).

 The Clean Water Action Plan of 1998

In 1998, nine federal agencies joined together in a partnership dedicated to improving water quality in communities across the nation.  Cooperating under the Clean Water Action Plan, announced by President Clinton, these agencies developed strategies and built upon existing programs to address water quality problems by concentrating on watersheds most in need of attention.  The Action Plan provided a focal point for federal action to assess watershed conditions, establish watershed restoration and protection priorities, and involve local stakeholders.  From the establishment of conservation buffers to the protection of coasts and restoration of wetlands, the accomplishments in the two years since the Action Plan was implemented covers a wide range of watershed issues (EPA, 2001).

The Action Plan encourages federal agencies to leverage their skills, technical abilities, and resources to solve water quality problems in partnership with communities.  Agencies with diverse missions and that administer a variety of programs continue to come together to solve water pollution problems (EPA 2001).

Community involvement is the driving force behind the Action Plan.  Maintaining healthy watersheds is not an easy task, nor is it a job that any single government agency, community group, or professional organization can do alone.  Under this framework, federal agencies, states, tribes, local watershed groups, private businesses, and communities bring their energy and resources to successfully improve watershed health.

The Action Plan promoted community involvement and collaboration through the development of Internet sites that distributed information to citizens to help them make practical, knowledgeable decisions about their health and environment.

Key aspects of the plan include watershed assistance grants and coordinators, water information networks, regional watershed roundtables, assistance to tribes, and watershed awards (EPA 2001).

  The Safe Drinking Water Act of 1974 (42 U.S.C. s/s 300f et seq.)

The Safe Drinking Water Act was established to protect the quality of drinking water in the United States.  This law focuses on waters actually or potentially designated for drinking use, whether from above ground or underground sources.

The legal and regulatory framework of the act provides a strong basis for water resource planning and management in the Potomac River Basin.

The U.S. government allocated billions of dollars to implement the Clean Water Act.  With federal funds as a carrot and the threat of enforcement as the stick, state and local officials went to work at Blue Plains and other Potomac River drinking water and sewage treatment plants.  At the Blue Plains sewage treatment plant alone, nearly $1 billion was spent to increase the capacity of the plant to treat more than 300 million gallons a day of sewage.  Sewage at the plant is treated to the highest degree of any plant of comparable size in the United States.

Federal funding was crucial to the success in restoring the river.  It is also virtually certain that no other region of the nation can expect to receive funding at the same scale for sewage treatment improvements as the Blue Plain and surrounding plants (Horton,T. 1991).

 State Initiative Policies: Structural and Nonstructural Approaches 

Under the regulations explained above, each state is responsible for developing and implementing programs to reduce pollution from point sources and non-point sources.

Structural and nonstructural approaches can be utilized to protect river basins (Table3.2).

Table 3.2: Structural and Nonstructural Practices to be Considered in Watershed Management

	Structural
	Nonstructural

	Wastewater Treatment Upgrades
	Watershed Land Acquisition

	Storm Water Practices for New Development
	Conservation Easements

	Storm Water Retrofit Practices
	Zoning and Development Ordinances

	On-Site Sewage Treatment and Disposal System Upgrades or Rehabilitation (OSTDC)
	Riparian Buffer Ordinances

	Riparian Buffer Systems
	Hazard Exclusions or Setbacks

	 Agricultural Best Management Practices
	Wetland Conservation

	Forestry Best Management Practices
	OSTDS Siting Requirements 

	In-stream Treatment
	OSTDC Inspection and Cleanout

	Ecosystem Restoration
	Stewardship Incentives

	Erosion and Sediment Control
	Economic Incentives

	Correction of Sanitary Sewer Overflows
	Incentives to Reduce Impervious cover

	Correction of Illegal or Illicit Connections
	Storm Water Pollution Prevention

	Land Reclamation
	Public Education and Outreach


Source: National Research Council 2000

Structural practices treat or reduce the pollution discharged from an existing source.  Examples include upgrades to wastewater treatment plans to reduce point source pollution and Best Management Practices (BMPs) to reduce non-point source pollution.  BMPs can mitigate non-point source impacts from agriculture, forestry, mining, construction, and urban runoff.  Management practices that address non-point source pollution from agriculture address erosion control and sediment transport.  One example is the use of buffer zones.  Non-point source pollution from grazing and irrigation can be minimized by controlling nutrients, pesticides, and herbicides (EPA 1993).  Forestry BMPs address timber harvest operations, road construction and maintenance, revegetation of disturbed areas, management of fire hazards, and maintenance of streamside buffer zones (EPA 1993).  Urban storm water BMPs include several conventional practices that have been widely applied: vegetated swales and filter strips, storm water infiltration, percolation, and extended detention basins, retention ponds, and constructed wetlands (WEF and ASCE 1998, NRC 2000).

Development of urban and suburban land results in hydrologic changes that impacts flooding, water quality, and channel stability.

Conversion of rural land to urban and suburban uses produces important hydrologic changes in drainage basins.  These changes alter the hydraulics, water quality, sediment transport, and habitat characteristics of stream channels.  The principle impact of development on drainage basin hydrology is related to the increased velocity and discharge of storm runoff. Decreased runoff storage capacity in developed areas results in the increased velocity and discharge.  Development impact the rainfall runofff pattern of a drainage basin and increases the total discharge in stream channels, as well as, increases the peak discharge and shortens the time interval between the precipitation event and the peak channel discharge (Lepold 1968).

Sediment and Stormwater control laws and regulations are some of the legislative initiative which help to reduce the pollutants in the Potomac River. 

In 1970, Washington DC passes erosion control legislation.  MD enacts a sediment control law, installs the Maryland Environmental Service, creates the Wetlands Act of 1970, and imposes a ban on sewer extensions affecting the five drainage basins under the jurisdiction of the WSSC.   VA sets up a state construction grant program, imposes a moratorium on new sewer hookups in Fairfax County, and approves a Potomac-Shenandoah water resources plan.   

There are some new water management tools that have been used on the Potomac River Basin.  Constructed wetlands are a good way to reduce pollution and sediment flowing into the river.

Fairland regional Park is a 170  square meter, multiple-use, constructed wetland near the upstream branches of the .  The Anacostia River is one of the most polluted rivers in the United States and contributes a significant amount of pollution to Chesapeake Bay.  As part of the Chesapeake Project and the Maryland storm water management program, the Anacostia River Restoration Project received $1 million dollars of matching funds from the federal EPA, the state EPA and the Chesapeake Bay Foundation.  The Maryland EPA’s storm water demonstrated sites are proposed to reduce non-point pollution from storm water and provide flood control, public education, and recreation.  These projects will enhance local biodiversity and improve the water quality of the Anacostia and Potomac Rivers and ultimately the Chesapeake Bay.

3.6  INSTITUTIONAL REFROM

3.6.1  Power Structure of Pollution Control Activities Along the Potomac River

Power is defined by Giddens as, “Tranformative capacity,” that is, “ the capacity to intervene in a given set of events so as in some way to alter them, any assertion of power draws upon two forms of resources: the allocative, or dominion over material facilities; and the authoritative, or over the activities of human beings themselves” (Giddens, A. 1987). 

Organizational structures can be either a barrier or an avenue to successful water management.  In the United States, regional water management organizations have traditionally fared poorly (Newson, 1992), and agencies with missions focused on specific functions have been more successful . Different levels of governmental agencies have different amounts of power along the Potomac River (Figure 3.4).

Under the U.S. Constitution, there are three major power structures:

· Legislative power: U.S. Congress composed of Senate and House of Representatives;

· Executive power: The President of the United States carries out his direct constitutional authority and executes laws passed by Congress; and

· Judicial Power: The U.S. Supreme Court and other federal courts resolve conflicts over the extent and degree of federal jurisdiction in accordance with the U.S. Constitution and laws.

Numerous federal agencies have responsibilities related to water management, including the U.S. Army Corps of Engineers, Environmental Protection Agency, National Park Service, Forest Service, Soil Conservation Service, U.S. Geological Survey, and others.  Overall, 10 agencies play some type of role in water quality improvement on the Potomac River.  This division of power traces its origins to the 1930s when the federal government first became involved in water resources on a national scale (NAP, 1999).

Each state has its own organizational structure for dealing with watershed-related issues.  At the state level, the state environmental protection agency is responsible for water supply and quality, another agency handles recreation, a wildlife agency is responsible for aquatic life, and an economic development agency may regulate dam construction and navigation.  Some states have coastal zone management plans to regulate land-use in coastal river watersheds and estuaries.  Other states have special wetland boards to oversee wetland protection.  Many states also have regional planning districts that address problems that cross the boundaries of local jurisdictions (NAP 1999).

For example, within the State of Maryland there are a number of agencies and jurisdictions concerned with water supply and water quality.  These agencies include the Department of Natural Resources, the Department of the Environment, the Department of Health and Mental Hygiene, and the Department of the Agriculture.  In Virginia, the lead agency for water resources is the State Water Control Board (SWCB), which recommends water resources planning, policy, and water quality management.  The SWCB regulates water quality, conservation, development and management for all of the state’s water resources.  The District of the Columbia has no legal authority to deal with its own water supply needs.  The District is in a unique situation. It is dependent on the federal government, acting through the U.S. Crops of Engineers, to provide water to the city.  Administrative borders or boundaries separate different ownership, jurisdictions, or responsibilities, and often, different management philosophies, goals and practices.

3.5.2. Challenges to Resource Management

There are numerous historical and geographical challenges for policymakers struggling to develop solutions to the problems facing the Potomac River.

The Potomac region encompasses a variety of cultures and geography, in various stages of development.  Shenandoah farmers feel they have little in common with residents of the District of Columbia or even with those of the fox hunting, Piedmont gentry just across the Blue Ridge Mountains.

The people of the Potomac River Basin are too diverse to agree on how the region should manage grow.  People from the mountains and the upper valleys depend largely on the land—corps, timber, and coal.  They are unsympathetic to the water supply and pollution problems facing the downstream Washington Metropolitan Area.  Damming of free-flowing streams and flooding of valleys for water supply or flood control for residents of the Washington Metropolitan Area has been opposed locally.  The people above Washington feel it is better to limit growth of the nation’s capital than to sacrifice upper valleys (Hartly, D.K. 1981).

Residents of  the Washington Metropolitan Area, on the other hand, perceive Washington as the seat of the nation’s government, the capital of the world’s most powerful nation.  Washington residents view the upper Potomac River as the primary source of water, and the upstream and down-stream regions as prime recreation areas (Hartly, D.K. 1981).

The power structure along the Potomac River is very fragmented.  Different organizations have their own mission and goals to tackle the same ecological issues.  In terms of watershed management, corporations want more permits to divert water and discharge waste into water bodies.  Fishermen want to protect water quality and quantity to enhance the fishery.  Environmental groups have different targets‑some want to protect birds or restore wetland, while others want to improve human health.  Even different federal agencies have different goals.  For instance, the federal Environmental Protection Agency is concerned about water quality under the Safe Drinking Water Act, and “fishable and swimmable” issues under the Clean Water Act.  The responsibilities delegated to the U.S. Army Corp of Engineers are navigation, flood control, and wetland preservation.  The Bureau of Reclamation develops and delivers agricultural, industrial, and residential water and hydropower in western states.  The Natural Resource Conservation Service is concerned with soil erosion. And the U.S. Fish and Wildlife Service is responsible for enforcing the Endangered Species Act, and is concerned about the health of natural aquatic and terrestrial communities. Often these agencies disagree with one another on the correct approach to managing water resources, and they often compete with each other for federal dollars to carry out their missions (NAP 1993).

Organizational fragmentation is another major obstacle to effective watershed management on the Potomac River.  Overcoming this obstacle requires institutional reform or cooperation throughout the river basin. 

Efforts to coordinate programs to effectively manage the watershed must address the issue that the authorities for regulating, taxing, and funding restoration or enhancement projects are diffused throughout the government and the organizational responsibilities of each agency are very different (NAP 1999).

3.6.3  Interstate Commission On The Potomac River Basin

Role of the Commission

The Interstate Commission on the Potomac River Basin (ICPRB) was one of the first interstate watershed commissions to utilize watershed management.  The Interstate Commission on the Potomac River Basin was formed after years of effort.  In 1936, the Special Advisory Committee on Water Pollution of the National Resource Committee recommended the establishment of the Potomac River Conservancy District as a demonstration project for basin-wide studies (ICPRB 1990).

The ICPRB was authorized in 1940 by Congress in response to several studies of water pollution. These studies concluded that solving these problems required a coordinated response by the jurisdictions that contain the basin.  The Commission was not, however, given regulatory authority.  Its activities were limited to fact finding, research, education and coordinating the efforts of the member states.  In 1970, the U.S. Congress amended  the mission statement of the ICPRB to include all facets of resource management.  However, the commission still lacked planning and regulatory powers.  

The role and function of the ICPRB according to its mission statement include: 

Interstate and basin-wide coordination;Stimulation of federal and state action;Basin-wide water quality evaluation and other water related studies;Liaison with citizen and government groups;Dissemination of information about the Potomac River; and Provision of unique services and technical support to the compact members. (Haywood, H.C. 1996)

From the beginning, however, the ICPRB has no authority power.( while some other U.S. river basin commissions do) In other words, it cannot unilaterally impose restrictions on water use or wastewater discharge effluent concentrations. Every states along the Potomac River own their own power over the water usage and permits of water discharge.  The ICPRB was meant to be a fact-finding and coordinating agency for the basin.  The best role for the ICPRB to provide is as the mechanism for cooperation and as the basin-wide research and information center. 

But the role of the cooperation mechanism didn’t start in the beginning. For the first decade (1940s), the Commission gathered basic Potomac River data with a new basin-wide perspective, and began bringing basin people together to talk about their shared water-pollution problems. It laid the groundwork for pollution abatement in the Potomac’s basin, and defined clean-up goals for the Potomac in 1949. (ICPRB, 1990)

In the 1950s, as the Potomac River pollution became worse, there was a recognized lack of coordination among the dozens of agencies concerned with the basin’s water resources. ICPRB tried to prove its value in promoting cooperation in the basin’s, especially on the water pollution. ” It was looked to for the leadership in the inter-jurisdictional cooperation that resulted in the District’s accepting wastewaters from Maryland and Virginia and accelerated its stimulation of local regional planning activities and encouraged soil conservation efforts in the upper basin.”(ICPRB, 1990)

The Function of the Commission

The commission consists of three members and alternates from each of its member states, the District of Columbia, and federal agencies.  The eighteen commissioners meet quarterly to set policy and approve work programs.  These meeting provide opportunities to discuss issues and develop acceptable solutions.  Voting, to the extent possible, is by consensus, and it is rarely necessary to conduct roll-call ballots.  When necessary, each jurisdiction is entitled to one vote (Hoffman 2000). 

Funding for the Commission is derived from a combination of appropriations from the member jurisdictions and grants received from various agencies for specific projects.  For the 1999 fiscal year, revenues of the ICPRB were $1,801,396.  The commission was funded by a Signatory Contributions (21%), Signatory Grants and Projects (20%), U.S. EPA Chesapeake Bay Grant (22%), U.S. EPA Clean Water Act Grant (19.7%), Co-Op Utilities (11.5%),and miscellaneous projects grants and revenue (5.8%) (ICPRB, annual report 1999).

Table 3.3: ICPRB Revenues (Fiscal year 1999) 

	Signatory Contributions
	21%

	Signatory Grants & Projects
	20%

	U.S. EPA Chesapeake Bay Grants
	22%

	EPA Clean Water Act Grants
	19.75%

	CO-OP Utilities
	11.5%

	Miscellaneous projects, grants and revenue
	5.8%


Source: ICPRB Annual Report 1999.

Table 3.4: Signatory Contributions

	State
	Amount ($)

	Maryland
	123,620

	Pennsylvania
	37,857

	Virginia
	119,428

	West Virginia
	42,727

	District of Columbia
	54,851


Source: ICPRB Annual Report 1999.

The ICPRB has an executive director who administers the work programs.  The staff consists of professionals, engineers, and scientists in various fields including water resources planning, water quality modeling, biology, and public outreach (Haywood, H.C. 1996).

3.7 REGIONAL COOPERATION 
Through the process of collecting basin-wide data and through research projects, the ICPRB provided an important mechanism to obtain the following: better communication among water resources management agencies in the basin; cost effective regional or watershed based management of water resources; a center for technical expertise on water resource management available to all jurisdictions in the basin; and a better informed public which supports wise use of water resources (Haywood 1996).

The ICPRB illustrates how cooperation between federal and state agencies managed water resources improved and protected water quality and quantity.

3.7.1 Case 1: Nutrient Reduction

During the 1970s local and state water quality managers and federal enforcement officials disagreed over nutrient control strategies.  Each agency blamed the others for the condition of the river.  significant problems unresolved and bitter attitudes.A Potomac strategic technical working group was formed with representatives from agencies in each state.  The ICPRB chaired the working group and supplied staff support.  Though the working group, representatives from the states shared information about their evolving strategies to restore the river.  The ICPRB staff worked with the states to compile inventories of nutrient loads from point and non-point sources using consistent methodologies, and produced a report (Camacho 1992) on the unit costs and nutrient removal efficiencies of common point and non-point source pollution control technologies.  After the states had completed their plans, the ICPRB prepared a summary to show whether the combined state strategies would meet the target nutrient reductions for the entire Potomac River Basin (Haywood, H.C. 1996).

The ICPRB conducted research using liner programming techniques to find out the most cost effective set of pollution control technologies that together meet the nutrient load reduction requirements and also meet certain equity constraints.  Alternative strategies were compared with respect to cost and equity.  The study showed that significant cost savings were theoretically possible by trading nutrient credits between point and non-point sources and between jurisdictions (Haywood, H.C. 1996).

The ICPRB’s involvement in the nutrient reduction strategies illustrates the contributions that the commission has made to facilitate regional water pollution control.

3.7.2  Case 2: Develop TMDLs

Clean Water Section 303(d) establishes a water quality assessment and planning process through which states, territories, and authorized tribes are required to identify polluted waterbodies, set priorities for addressing these polluted waters, and write pollutant control plans call Total Maximum Daily Loads. The development of Total Maximum Daily Loads (TMDLs) will guide water quality protection and improvement efforts in the future.  A TMDL is a process for identifying waters that do not meet quality standards; assessing the type, amount, and loading of a pollutant; determining the source of the pollutant; and devising a plan to reduce concentration of the pollutant to attain the designated water quality standard.  TMDLs are developed by each state.  In an interstate watershed like the Potomac, TMDLs developed by one state can have implications for neighboring jurisdictions.  The ICPRB needs to work with different states and EPA to reduce pollution in the Potomac River.

The ICPRB has worked on TMDLs development in the interstate Anacostia watershed. Supporting the District of Columbia’s efforts, the ICPRB is developing a set of models of the tidal Anacostia watershed to use in the TMDLs decision-making process.  These models will be enhanced by the ICPRB projects to collect and analyze tidal Anacostia sediment samples, allowing for greater model accuracy in describing the transport of sediments in the river and in assessing oxygen levels in the sediment layer.  Another project will incorporate the most recent land-use information and nutrient loading estimates to improve the model’s predictive capability.  The commission also is producing a watershed model for Maryland Department of Environment to develop a TMDL (ICPRB, 2001).

3.8 CONCLUSION

From nation disgrace to show case, the Potomac River provided a good case study in watershed management. Struggling in the region conflicts and cooperation, the people in the Potomac River Basin worked real hard to improved the water quality and provided  enough water for the future during 1940-2000.

Historically there has not been proclivity for the four state government to approach a problem from a basin-wide perspectives.  However, this situation as changed with the rapid growth of the Washington Metropolitan Area relative to the nearby four states, and the legislator’s consequent increase in political power and economic interests.

However it was not only fame that contributed to the success of the Potomac River.  Be the Capital’s River, legislature and institutional arrangement all played an  important role in  river clean-up and regional water allocation .  Especially, under Clean Water Act, armed with the carrot of federal funds and threatened by the stick of enforcement, state and local officials went to work at Blue Plains and other  waste water treatment plants.

Regional Watershed Management Organization-- ICPRB provided the basis of  regional cooperation under technological improvements, scientific research, and economic incentives (cooperation led to cost-saving) .

It is significant to note, however, that ICPRB does not have any regulatory authority . On one hand, this kind of the institution set-up is beneficial because it does not threaten the formal authorities along the river. It is easy to get local and state political support. Also, ICPRB can play a relatively neutral role in controversies.  But, on the other hand, the ICPRB doesn’t have the power to implement better solutions for the Potomac River.

However, due to lack of the authority power, the leadership of the ICPRB and the social –political situation in the region strong influence the success or failure in the role of the region cooperation.

For example, the ICPRB research has found significant cost savings by utilizing a nutrient trading system.  To date, no firm plans for trading of nutrient credits have been developed by any state, in part because there is no institutional mechanism for negotiating and monitoring trading agreements (Haywood, H.C. 1996).  Furthermore, there isn’t any conflict between different states, like Fairfax water- intake case (see chapter 5: case study), the ICPRB does not have authority to resolve the conflict, too.

CHAPTER 4

THE CASE OF COOPERATION: COOPERATIVE WATER SUPPLY OPERATIONS ON THE POTOMAC RIVER (CO-OP)

4.1 OVERVIEW


The Potomac River is the primary water supply (67%) for the Washington, D.C., Metropolitan Area (WMA), and it is also shared by water suppliers in Maryland, Virginia, and the District of Columbia.  Rapid growth in the Washington suburbs, (the area’s population increased from 800,000 in 1940 to 4.7 million in 2000) combined with significant droughts in the 1960s and in 1977 led to the appropriation of the Potomac.  Concern that water demand would eventually exceed the available supply increased from the 1950s to the 1970s.


 The average flow in the Potomac River, measured at Little Falls, has been 26.5 million cubic meters per day (CMD) (about 7 billion gallons per day for the past 50 years. Between 1988 and 1997, the average amount of water withdrawn annually from the Potomac River by all three major water utilities combined was 372 MGD; the largest daily withdrawal recorded during the same period was 583 MGD. (Steiner, R. 1998) The flow varies from extreme flood, over 1,040 million cubic meters per day 7 (CMD) (275 billion gallons per day)—to extreme drought, less than 1.47 million (CMD) (388 MGD).  Flow at flood stage is 500 times greater than the flow during a drought. The Potomac is virtually an unregulated, free-flow river.  In the 1960s, the U.S. Army Corps of Engineers (COE) planned to build 16 major dams throughout the Potomac Basin. Public opposition to the plan ended with the authorization of the firstjust one  dam.  Built in 1981, this dam created the Jennings Randolph Reservoir on the Potomac’s North Branch in western Maryland and West Virginia.  The utilities collectively purchased more than 13 billion gallons of storage in the reservoir for use as the metro area’s water “savings account” to protect against drought conditions.  The situation called for a nonstructural solution.

A modest drought in 1977 heightened the urgency for finding a solution.  The first step toward resolving the problem was to encourage interagency and interjurisdictional cooperation for managing the water supply and to establish environmental requirements during low-flow periods.  The second step involved research conducted at Johns Hopkins University and at the Interstate Commission on Potomac River Basin (ICPRB) (Palmer, et al, 1982) which demonstrated that, with innovative new operational procedures, the Potomac River could meet anticipated demand though 2030, even with a repeat of the most severe drought on record (Haywood, 1996).

The key agreements governing this cooperative, nonstructural approach included the following:

 In 1978, the states and the water supply agencies signed the Low Flow Allocation Agreement (LFAA), which allocates the amount of water each agency can withdraw from the river when total flow can’t meet all needs. 

 In 1982, the water supply agencies and ICPRB signed the Water Supply Coordination Agreement (WSCA).  This agreement requires the cooperation between all of the region’s major supply facilities, including those on the Patuxent and Occoquan rivers, in order to minimize the potential for low flows in the Potomac that would trigger the LFAA’s allocation mechanisms.  The WSCA also describes the major functions of the CO-OP Section within the ICPRB ( Hagen & Roland, 2000).

Instead of litigating interstate water rights, Maryland, Virginia, the District of Columbia, the federal government, and the major regional water suppliers entered into a unique agreement governing the cooperative use of this shared interstate resource (Sheer, D., 1983).  The regional cooperation model optimizes the water supply in the WMA into the 21st century. Yet no large reservoirs were built, no new wells were drilled, no large pipelines were constructed. 
 4.2  WATER SUPPLY IN THE WASHINGTON METROPOLITAN AREA

4.2.1 Washington Area Water Suppliers

Figure 4.1
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Most of the Washington Metropolitan Area (WMA) is served by three independent water utilities that provide potable water to the following three distinct distribution areas.

· Fairfax County Water Authority (FCWA): Primarily serves portions of the northern Virginia suburbs.  Average total demand (both Potomac and a reservoir) is about 439,081 CMD (116 MGD).  Its Potomac River intake is near Great Falls, Va.

· U.S. Army Corps of Engineers Washington Aqueduct Division (WAD)  Primarily wholesales water to the District of Columbia and Arlington and Falls Church, Va.  Average demand is about 692,688CMD (183 MGD).  Potomac River intakes are at Great Falls and Little Falls, Va.            

· Washington Suburban Sanitary Commission. (WSSC) Primarily serves portions of Montgomery and Prince George’s counties, Md.  Average total demand (from both the Potomac and reservoirs) is about 628,340 CMD (166 MGD).  Its Potomac River intake is near Potomac, Md. (Figure 4.2).

These agencies supply treated water either directly to customers or through wholesale suppliers.  The three major water suppliers cooperate on water supply operations in the Potomac.  They operate as one entity in sharing water across the Potomac, Patuxent, and Occoquan basins in periods of low flow.  This cooperative work is coordinated by a special section of ICPRB, called the “Section for Cooperative Water Supply Operations” (CO-OP). 
Figure 4.2: Schematic of Metro Washington Water Supply
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Source: Interstate Commission of Potomac River Basin

4.2.2 Potomac River Water Supply and Demand

 
Generally, water supply withdrawals from the Potomac are a tiny fraction of the river’s flow.  Average flow of the river over a year is about 7 billion gallons per day (bgd); average summer demand by the utilities on the river is about 500 million gallons per day (mgd), or 0.5 bgd.  Under normal conditions, the utilities operate independently of each other (Hagen & Roland, 1999).

 
Water supply in the Washington Metropolitan Area is highly variable over the year.  Water demand is typically lowest in the winter months and increases considerably through the summer months due to outdoor water uses. Figure 4.3 shows the average daily water withdrawal for the three CO-OP utilities from1991 to 1999.  Average withdrawal ranged from a low of about 1.5 million CMD (400 MGD) in winter to a high of approximately 2.27 million CMD (600 MGD) in the summer.  Note that Figure 4.3 shows average daily demand over a 9-year period and that peak daily demand in any given year can be higher.

Figure 4.3 Average Daily WMA  Withdrawal, 1991–1999 (FCWA + Aqueduct + WSSC)

[image: image10.wmf]Average daily Washington metropolitan water production, 1991 through 1999 

(FCWA + WAD + WSSC)

0

100

200

300

400

500

600

700

1/1

2/1

3/1

4/1

5/1

6/1

7/1

8/1

9/1

10/1

11/1

12/1

Production (million gallons per day)


 source: ICPRB

A review of the recent withdrawal data shows the CO-OP suppliers needed a larger water supply from 1974 to 1999.  The CO-OP supplier’s annual average withdrawal has grown by 28 percent over the last 25 years, from 1.438 million CMD (380.3 MGD) in 1974 to 4.764 million CMD (486.9 MGD) in 1999.  In 1982, the water supply agencies and ICPRB signed the Water Supply Coordination Agreement (WSCA).  This agreement requires the coordination of all the major supply facilities in the region, including those on the Patuxent and Occoquan rivers, in order to minimize the potential for low flows in the Potomac that would trigger the LFAA’s allocation mechanisms.  The WSCA also describes the major functions of the CO-OP Section within the ICPRB.

In the WSCA, the utilities gave CO-OP a direct role in managing the water supply resources and withdrawals in the Washington Metropolitan Area.  The agreement provides for an Operations Committee, consisting of representatives from the Aqueduct, FCWA, and WSSC, whose responsibility is to oversee the CO-OP activities. The agreement binds all parties to joint operations during times of low flow in the Potomac River.  In addition, it assigns the responsibility for scheduling water supply releases from Jennings Randolph and Little Seneca reservoirs to CO-OP. Each utility realized that by making joint operating decisions, each could meet their own demands and collectively meet the region’s demands.

Figure 4.4  Potomac River Basin CO-OP Utilities Current Reservoir Sites
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Shared Resources

 Jennings Randolph Reservoir. This reservoir is the area’s “savings account.” It holds 50.7 million CMD (13.4 billion gallons) of water supply storage that is owned by the three utilities.  Releases are directed by ICPRB CO-OP based on existing and projected utility demand, status of other reservoirs, and weather conditions.  The reservoir is 320 Kilometers (200 miles) upstream from the utilities’ intakes and releases take more than a week to travel to them.

 Little Seneca Reservoir. Located in Montgomery County, Md., this smaller reservoir stores 15.14 million CMD (4.0 billion gallons) of water, which is owned by the three utilities.  Little Seneca is used to “fine tune” the larger releases from Jennings Randolph, allowing it to be operated more conservatively.  Releases take less than a day to reach 

the utilities’ intakes. 
Other Assets

 Patuxent Reservoirs. The WSSC operates two reservoirs in the neighboring Patuxent River watershed.  Total usable storage at these reservoirs is about 39.364 million CMD (10.4 bg).  The utility uses this stored water in tandem with Potomac withdrawals throughout the year.

 Occoquan Reservoir. The FCWA operates this reservoir on the Occoquan River.  The reservoir contains about 31.03 million CMD (8.2 bg) of total usable storage, which is used in tandem with Potomac withdrawals (Hagen & Roland, 1999).

4.3:  CAPITAL’S WATER: A CENTURY-OLD PROBLEM 

4.3.1 The Era Of Unlimited Water and River Protection Movement

The critical problems of the 1970s escalated for many years.  In 1857, when congress first directed the Corps to develop a dependable water supply for the nation’s Capital, the Potomac was viewed as an inexhaustible source.  This perception continued though World War II, despite severe drought, particularly in the early 1930s (Sheer, D., 1983).  Under this kind of water value, the Corps planned to continue to build more dams.

The Potomac River was a controversial topic in the 1940s when the Corps identified 25 dam sites within the basin.  With the Corps’ plans, Seneca Dam would flood 35 miles between Washington and Harpers Ferry, three dams would block gorges within the Washington area, and another dam would impound the Shenandoah River.  The Corps purpose was to dilute pollution and improve the city’s water supply.

Fishing groups, including the Izaak Walton League and the League of Maryland Sportsmen, fought the plan and were joined by the National Capital Park and Planning Commission and other groups.  Frederick Law Olmsted, Jr., argued for protection. Opponents emphasized the Chesapeake Bay and Ohio Canal, historic sites, and the natural environment as reasons to save a river. Angry farmers and landowners spoke out at a meeting called by the Corps.   Few previous cases had attracted such solid opposition, and probably none had drawn so many diverse opponents. The Corps put their plans on hold, waiting for a better time to reintroduce the plan (Heuvelmans, M., 1974).  But, by 1955, water demand had grown to the point that a modest drought inspired the congress to direct the Corps to prepare a long-range water resource development plan for the Potomac Basin.


In 1963, the U.S. Army Corp of Engineers prepared a comprehensive plan to control floods and the development and conservation of the water and related resources of the Potomac Basin.  The plan focused on present and future needs for water supply and pollution abatement.  The Corps recommended 418 headwater reservoirs and 16 large dams on the main stems and tributaries (U.S. ACOE, 1963).

Unexpectedly, the public opposed the authorization and appropriation of construction funds for the plan. However, public sentiment shifted after the authorization of the first dam, Jennings Randolph Reservoir, in 1981 on the Potomac’s North Branch in western Maryland and West Virginia

An ad hoc group of nine national conservation organizations led by the National Parks Association played a considerable role in the controversy.  The National Parks Association published an analysis of the Corps’ plan in June 1963 (Smith, A. W. 1963).  This was one of the first places where Supreme Court Justice William O. Douglas spoke out against dams.  He led a hike on the historic Chesapeake and Ohio Canal, and argued for pollution control instead of dilution. The defeat of the dams led to the restoration of the Chesapeake and Ohio Canal and to President Johnson’s proposal for a Potomac National River with open space, trails, and pollution abatement (Kauffmann, 1973).

During the drought of 1966, flow in the Potomac was lower than the projected future demand; unrestricted water use caused the river to go dry.  Increasing population and droughts in the 1960s and 1970s instigated the motivation to develop new resources.  In addition to the proposed multipurpose reservoirs, other structural solutions were examined.  Inter-basin transformations were studied, a pilot estuarine treatment plant was constructed and tested, and an emergency estuarine pumping station was constructed. 

4.3.2      The  Low Flow Allocation Agreement (LFAA)

Interagency cooperation was encouraged as early as 1972 in a report by a National Capital Area Committee of the National Society of Professional Engineer.  But, the first significant example of multi-level cooperation for water resource management was the Low Flow Allocation Agreement.

During the latter half of the 1970s, water resource management in the Washington Metropolitan Area turned from the traditional planning approach to meet unrestricted water supply demand 100 percent of the time, to an effort to prepare for periods of shortage.  Under this strategy, which recognized that the Potomac River may offer less than the demand for water in the WMA, there was a need for a mechanism to maintain the water supply.  This mechanism was the Potomac River Low Flow Allocation Agreement (LFAA), which brings together the Federal Government, two states (Maryland and Virginia), the District of Columbia, and two major water supply utilities (WSSC and FCWA) in a common understanding and consensus for water management.   


The LFAA was developed in 1978 prior to the development of the Potomac water supply reservoirs.  The LFAA is composed of several articles.  It provides an important legal mechanism to preserve each party’s interest and an enforcement mechanism that requires the appointment of an independent moderator to resolve conflicts.  As a management tool, the document equally distributes available water during droughts to all of the river’s users.  This is accomplished by a control center, manned by the Corps, which receives input from each of the users on how much water they are using and input from gauging stations on how much water is available.  Decisions can be made on a daily basis according to a prescribed formula that dictates how much water can be allocated to the users.

The LFAA is structured into three stages of water supply availability.

1) Alert Stage: 

The alert stage is instituted when the total daily withdrawal from the defined  portion of the river is equal to, or greater than, 50 percent of the total daily flow.

2) Restriction Stage:

The Restriction Stage is instituted when the total daily withdrawal from the defined portion of the river is equal to, or greater than, 80 percent of the total daily flow.

3) Emergency Stage:

The emergency stage is instituted when the estimated daily withdrawal is expected to exceed the anticipated daily flow.  Whenever the restriction or emergency stage is in effect, the Corps advises each user of their allocated share.  The document also allows for flexibility so when changes occur in the river or in the uses, the signatories can get together and revise any section to meet current requirements.

In order for an agreement to be reached among government agencies and water supply utilities, the LFAA must addressed the needs of the various water supply utilities, as well as recognize the need for water to be made available for stream uses. 

The instream or so-called environmental flow-by, is the amount of flow necessary to maintain fish and aquatic life in the portion of the river most affected by low flow.  The 1981 study done in support of the Potomac River Low Flow Allocation Agreement recommended that 300 million gallons per day be put in the stretch between Great Falls and Little Falls and 100 million gallons per day be added to the stretch below Little Falls in order to maintain environmental conditions.

4.3.3 Cooperative Water Supply Operations (CO-OP)

Developing a solution to the Washington Metropolitan Area water supply problem required a unique combination of organizations and expertise. Beginning in the 1970s, local elected officials, utilities, university researchers, and federal state and interstate agencies all worked closely toward a single goal. An important factor for public officials was the cost savings.

By 1977, average demands for the summer months were often in the range of 450 to 470 MGD. The Corp’s study was predicting the possibility of regional shortages as large as 80 MGD by 1980 and 365 MGD (almost 35 percent) by 2000.

In 1977, ICPRB performed an analysis that completely abandoned the concept of “safe yield” operation of the Patuxent and Occoquan reservoirs, concentrating instead on the maximum yield.  If those reservoirs were operated in concert with the free-flowing Potomac, the maximum yield could be derived.

The safe yield
 of a reservoir is the constant rate of withdrawal that will just empty the reservoir under the repeat scenario of the worst drought in the historical record.   During the draw down, withdrawals exceed inflows, and the minimum storage (0) occurs just as inflows begin to exceed withdrawals.  The analysis continued, and total water requirements in the year 2000 were projected at 750 MGD. The 90-day long, 50 year recurrence interval low flow in the Potomac (90-Q-50) was 580 MGD.  This 90-day duration flow produced the worst deficit.  The total deficit over the 90-day period would be:

    750 MGD r 90 days  = 67.5 billion gallons

- 580 MGD r90 days = 52.5 billion gallons

------------------------------------------------------------------ 

Deficit = 15 billion gallons

But, the storage in the Occoquan and Patuxent reservoirs alone totaled almost 20 billion gallons. Conclusion: The WMA was not short of water if it only used the already available local storage.(Sheer, 1983)

By the same time, research begun at Johns Hopkins University in the late 1970s developed a basis for use of the stored water in a way that would allow for cooperative operations during drought.

In later 1977, the department of Geography and Environmental Engineering, of the Johns Hopkins University in cooperation with ICPRB, received grants from the Maryland Department of natural Resources, the Virginia State Water control Board, and the Maryland Water Resources Research Center to investigate future operating rules for Bloomington reservoir which would increase its yield for water supply. The first work involved using liner programming (an optimization technique) to establish upper bounds on yield. Assuming perfect forecasting of demand and flow on a weekly basis, and perfectly coordinated operation of upstream and downstream reservoirs, the study evaluated the tradeoffs between safe yield operation and upstream operation to meet downstream demands (Sheer, D., 1983).

The study showed that integrated management of the water resources from a systems perspective improved the reliability of the water resource.  The upper bound  was more than 3.785 million CMD (1 billion GPD), in far excess of projected demands.  This same yield could still be achieved while meeting upstream demands for more than twice as much water as expected.  Unfortunately, while the results made sense to the analysts, they were extremely difficult to explain to the managers and operators.

The Potomac River Interactive Simulation Model (PRISM) was developed at Johns Hopkins to help the managers and operators understand the results. Under this study and computer model, the local utilities decided to work together. In conjunction with Maryland, Virginia, and the District of Columbia, they asked the ICPRB to form a section for CO-OP.  Founded in late 1979, CO-OP’s task was to develop, integrate, and formalize the tools and techniques required for joint daily operations of the utilities during droughts (Sheer, D., 1983).

CO-OP, the utilities, John Hopkins, and the National Weather Service all contributed to the development of techniques for producing synthetic demand traces.  The traces had to preserve not only the variability of daily demand, but also the cross-correlation of demand between the utilities and the tendency of demands to increase substantially during hot, dry weather.    The forecast model was then used as the core of a synthetic generator similar in form to a synthetic stream-flow generator (Sheer, D., 1983) .

Mathematical models, optimization and simulation techniques, and other innovative tools of systems analysis were  were used in these pioneering efforts . Overall system yield increased by nearly 50 percent, and individual project yields increased by as much as 200 percent, without infringing on the autonomy of local governments (Sheer, D., 1983).  There were two key elements incorporated into this new approach.  First, the local utilities coordinated their operations.  Second, they used state-of-the-art computer models to forecast supply and to make reservoir release decisions (Haywood, 1996).

Improved yield is achieved by several methods. Daily demand and flow forecasting techniques are used to schedule release from Jennings Randolph Reservoir, over 360 Km and five to six days travel time upstream.  A new small local reservoir, little Seneca Reservoir, was built to improve operation flexibility by providing a means to correct for forecasting errors.  Flexibility inherent in the local distribution systems is used to save water in existing local reservoirs on small tributaries.  During droughts, the Potomac River withdrawals of all utilities are coordinated on a daily basis to maximize use of river water, while still meeting in-stream environmental flow requirements (Haywood, 1996).

The coordinated solution is expected to keep the demands of the region’s existing and new population within the hydrologic envelope until the year 2030.  The results of the latter analysis and its lower cost non-structural features led to the adoption of its results with the signing of the Water Supply Coordination Agreement in 1982 This led to a series of agreements among the utilities that set operating rules for the use of storage at Jennings Randolph and the Little Seneca reservoirs and determined how operations would be coordinated so all the utilities could meet demands. The ICPRB CO-OP Section was designated as the managing agency for the operations. Each utility realized that by giving up some of the power to make operating decisions, each could meet their own demands and collectively meet the demands of the region.

The major water supply agencies have paid the capital and operating costs for maintaining a portion of the water stored within the Jennings Randolph Reservoir as well as water impounded within Little Seneca Reservoir in Montgomery County, Md. Together, these sources can furnish over 17 billion gallons to augment naturally occurring flows in the Potomac ( Hagen & Roland, 2000).


The agreement designated the ICPRB as responsible for the coordination of water resources during low flow.  ICPRB manages river flow to ensure that the flow meets or exceeds the environmental flow recommendations established in a 1981 Maryland Department of Natural Resources study and meets utility demands in the Washington Metropolitan Area.  The management objectives embodied in the agreement and practiced by ICPRB were to keep the off-Potomac reservoir resources balanced, while meeting the environmental flow requirements and municipal demands for water.  The coordinated operation of the resources allows the regional water suppliers to meet demands without imposing restrictions through at least the year 2015—even under a repeat of the most severe drought of record.  This was possible because of synergistic gains in total yield realized under the cooperative management strategies.  


CO-OP’s other responsibilities included: 

· Provide forecasts of monthly water supply for the region as needed.

· Coordinate emergency contact and communication capabilities.

· Assess the long-term water supply needs for the region.

· Help the utilities to develop more efficient operations of the reservoir resource.

· Communicate with the utilities and respond to requests for information.

· Develop and document historical inflow records for the region’s reservoirs.

· Improve and maintain resource allocation programs for use during drought operations.

· Maintain spill model capability (model provides travel time of contaminants in the Potomac and its tributaries).

· Monitor recreational, hydro-power, water quality, and other issues regarding water supply (ICPRB, 2000).             

4.3.4  The Purpose of  CO-OP : Drought Management

The cooperative operation of the Potomac River led to substantial increases in yield and system reliability (Hirsch et al. 1977; Palmer et al. 1982; “Water “ 1983; Eastman 1986; Smith 1989).  An annual drought management exercise was part of the regional cooperative effort that includes coordinated operation and cooperative planning for future water demand.  During the exercise, CO-OP analyzed river flow and daily projections of water demand provided by the utilities (MWSDM, 1994).

For more than 20 years, the Interstate Commission on the Potomac River Basin (ICPRB) has been conducting annual drought exercises for the Washington Metropolitan Area.   During a drought, ICRPB coordinates water supply operations for the three major water utilities in Washington, D.C. and the adjacent suburbs in Maryland and Virginia.  In the drought exercises, ICPRB and the utilities practice the system’s operations as they would occur during an actual drought.  This year’s drought exercise marks the first year in which an enhanced public information campaign will be conducted. During the fall of 2000, local governments and the area water utilities simulated an extreme drought to practice managing the area’s water supply and implementing a coordinated public response plan. 

ICPRB put virtual drought exercise and information on their Web pages.   The main objective of these virtual droughts is to provide public information and communication tools to local government and utility officials so that when a real drought occurs water officials can address the best interests of the region with a unified voice.

      These Web pages document the implementation of the drought exercise and allow the reader to “experience” a virtual drought chronologically.  They are designed to show how a drought affects the region if it increases in severity and to illustrate how government officials can respond to various drought levels with examples of press communication points and press releases.  These virtual drought Web pages are meant to improve the regional understanding of the area’s water supply system (ICPRB, 2001).

4.3.5 Regional Public Response Plan


A coordinated public response plan was developed by the regional Task Force on Water Supply Issues to simulate the drought.  This task force, created through the Metropolitan Washington Council of Governments (MWCOG), was formed to develop a coordinated public response plan for drought conditions.  Members of the task force include MWCOG staff,  local and state government officials, the major water utilities serving the Washington Metropolitan Area, and ICPRB staff.  The resulting plan has since been endorsed by the MWCOG Board, and is called:  The Metropolitan Washington Water Supply and Drought Awareness Response Plan: Potomac River System (MWCOG, 1999). 

  The major elements of the plan include four conditions:


1) Normal: Develop a year-round conservation program emphasizing “Wise Water Use.


2) Watch: Determine when the Potomac Basin is in a drought period, as defined by  National Oceanographic and Atmospheric Administration (NOAA).

3) Warning: When combined storage in Jennings Randolph and Little Seneca reservoirs is less than 60 percent full of capacity, the public and businesses are asked to take specific measures to conserve water on a voluntary basis.  There are no penalties or sanctions for following such measures. However, the public and businesses will be informed that should conditions get worse, one or more of these measures could become mandatory .

  
4) Emergency: When the probability of meeting water supply demands during the following 30 days is 50 percent or less, the public and businesses are required to take specific measures to conserve water. Penalties and sanctions are identified for these measures and they are enforceable under local ordinances and state laws.

Those water conserve actions includes:

 Outside: Lawn watering, car washing, hosing down sidewalks, ornamental foundations or structures, and swimming pools are limited or banned. Repair leaking and dripping faucets immediately. Limit or ban use of fire hydrants to health and safety purposes.

Inside:

1) Water in restaurants: Serve drinking water only upon request.

2) Bathing: Take short showers instead of baths.

3) Clothes and dishes: Run only when filled to capacity

4) Personal hygiene: Turn off water when brushing teeth, shaving, and   shampooing

5) Fixtures: Install water saving devices in the home, such as low-flow toilets and flow restrictors on shower heads.

4.4 Achievement of Cooperation Water Supply

During the mid-1960s, solutions were proposed, such as building 16 major reservoirs, recycling of estuarine water containing a substantial proportion of treated wastewater, drilling new wells, and high-flow skimming. The cost of these solutions ranged between $200 million and more than $1 billion in current construction dollars.  Each solution faced political, social, environmental, or economic difficulties.

In contrast, the agreements reached in July 1982 were based primarily on almost cost-free, cooperative improvements of existing facilities, using state-of-the art flow and daily demand of forecasting techniques.  Construction of one small local reservoir (Little Seneca, costing $30 million) was included, but even that reservoir is important not so much  for the quantity of water it stores, but for the additional operational flexibility it provides.  Overall system yield has been increased by nearly 50 percent, and individual projects yields by as much as 200 percent ( Sheer, D., 1983).

4.5 How This Cooperation Happened

4.5.1 Environmental Value and Paradigm Shift

A society’s values are reflected in its public policy goals. Obviously, these values change with time.  Correspondingly, policy goals shift, and river and water values change with people’s thinking. 

In the 19th century, economic development was the dominant influence in American society.  Most U.S. Western reservoirs were built in response to significant economic needs, such as providing an explanation for dam development and exploitation of the region’s water resources (Jackson 1995). But, by the1960s, the environmental movement and environmental value spread out. The land ethic described by the ecologist Aldo Leopold began to gain acceptance and would be expanded to waters.  A movement to save threatened rivers spread throughout the U.S. Particularly in the late-1960s and early-1970s, significant reasons for change surfaced; they were a growing sense of scarcity, the environmental movement, activism by conservationists and landowners, applications of science and economics coupled with publicity, recreational use, and tight money.  This sense of urgency arose when people realized that thousands of dams had been built but free-flowing rivers were rare (Palmer,T.1986).

From the 1970s to the 1980s, a regional consensus emerged that minimized the need for new dams or other costly, controversial structural measures.  Therefore, people needed to find alternative ways to resolve the conflicts.

4.5.2. New Watershed Approach

By the 1970s, increased attention was given to the effects of construction of structures, like dams, and management of engineering projects on the environment and to the impacts of non-point and point resources on river pollution. Following these complex river development approaches, watershed management became the new strategy for river basins, including Chesapeake Bay restoration (White 1977, NRC, 1999).

Watershed management addresses water quality and coast erosion downstream. Watershed thinking means dropping the language and accompanying concepts of ‘controlling’ and ‘enslaving wild,’ unruly, and wasted rivers. It requires recognizing and respecting the complexity of the interactions between land, water, and atmosphere. “It means adapting to this complexity rather than making counter-productive efforts to control and simplify it. It also means respecting the diversity of different watersheds and the natural and human communities that live with them” (McCully  1996).

These new watershed management values introduced a fundamentally different approach to U.S. water policy and Potomac River management. These include, shifting from the supply side to demand management and setting the ecological flow for the environmental use in the river.  

4.5.3 Scientific Researches and Technological Improvement

Scientific research and technique plays an important role in the Potomac River watershed management. The scientific community has contributed enormously to the better understanding of the river systems and to the definition of appropriate and achievable targets for river managers. In addition, scientific methods have proved more effective than in the past.

1) Information Becomes Available

The U.S. Geological Survey maintains many gauge stations on the non-tidal portion of the Potomac River and on its tributaries. Some of the reliable data dates back to the late-19th century. For example, the most reliable river gauge in the D.C. area is the Maryland’s  Point-of Rocks gauge; the gauge station is several miles upstream from the WMA inlets. Reliable data have been generated at Point-of Rocks since 1895. Data from the other gauges, like Little Fall, have been variable since 1930.

2) Models Are Ready

The science of hydrology is relevant to nearly all aspects of river management. It deals with the occurrence and movement of water in, on, and over the land surface. Without quantitative knowledge of hydrological processes, most of the analysis carried out within the disciplines of Water Resource Planning, Water Quality Planning, and River Engineering would not be possible.



With the growth of available databases over the past several decades, the number of applications where hydrological modeling is useful has increased rapidly.  The reliability of model results depends upon many contributing factors. These include the soundness of underlying theory, the skills of the modeler in translating that theory to a computer program, the quality of input data, and the applicability of the technique to the issue in hand (Fawthrop, N. P, 1996). 


For the Cooperative Water Supply Operations, the techniques of water resources engineering systems analysis—linear programming, synthetic hydrology, statistical analysis, hydrologic modeling, and computer simulation—were adapted to produce a predominantly non-structural engineering solution to the Potomac water supply problem   (Sheer, D., 1983).     

3) Engineering Achievement

The success story is indicative of the “coming of age” application of systems analysis techniques in the field of water resources engineering. Engineering achievements included:

· The combination of optimization and simulation techniques to provide practical rules for operation of the entire system.

· The first large-scale implementation of the National Weather Service River Forecast System (NWSRFS), based on soil moisture accounting model its direct integration with reservoir operations.

· The development and implementation of a technique to predict water demand and application of the technique in water resource system design and operation.

· The combination of distribution analysis and hydrological modeling to develop operating procedures for a complex water distribution system—one that includes many independent water suppliers.

· The use of risk analysis to identify the start of potential droughts and to quantify the risks of continued drought.

· The use of “ drought games” to test and improve water supply operation procedures and to illustrate the use of those procedures to decision makers. 

· The use of small, local reservoirs, like Little Seneca, to augment the yield of upstream impoundment.  The reservoir is used to compensate for errors in flow forecasting (Sheer, D., 1983).

4.5.4 Political and Institutional Arrangement

1) Power sharing among the water utilities

In order to avoid dewatering the river, the local jurisdictions commissioned a study and agreed to abide by the recommendations of the study for the maintenance of instream flows to meet environmental requirements.  The agreements produced innovative operating procedures amoung the local jurisdictions.  . Implementation of the recommendations of the study required eight separate agreements among the stakeholders including the federal government, the states  of Maryland and Virginia, the District of Columbia, two local utilities, and the Interstate Commission on the Potomac River Basin. (Sheer, D., 1983)

Each of the three utilities gave up autonomy of management of the river in order to gain substantial benefits from coordinated, cooperative operations of the river. The responsibility of managing water resources and maintaining environmental flows is vested in the independent Interstate Commission on the Potomac River Basin. The management objective is to meet environmental requirements while providing unrestricted municipal demand for water. In years when there is sufficient water, drought preparedness exercises are conducted (Hagen &  Steiner, 2000).

Writing the contract to implement the joint operations and cost sharing was a formidable task. The interstate nature of the agreements, the unique character of the government of the District of Columbia, and the congressionally mandated responsibilities of the Corps of Engineers created an extraordinarily complex situation. Eight separate agreements among the agencies were signed on July 22, 1982.

1) Water Supply Coordination Agreement: Binds all parties to joint operations during    drought; assigns responsibility for scheduling release withdrawals to ICPRB CO-OP.

2) Contract for future water supply storage in the Bloomington Reservoir

3) Innovation Agreement for initial water supply—Bloomington reservoir: Reassigns ownership from Maryland Potomac Water Authority to WSSC, FCWA, District of  Columbia.

4) Innovation Agreement Regarding distric of Columbia’s Payment to the Potomac Water Authority (Cancels previous contract)

5) Bloomington Lake payment Agreement

   Provides for legal remedy in case of non-payment. 

6) Little Seneca Lake cost-sharing agreement

7) Modification No.1 Potomac River Low Flow Allocation Agreement 

8) Savage Reservoir maintenance and Operation Cost-Sharing Agreement

   Provides for WSSC, FCWA, WAD, Allegany Co., Maryland cost sharing (Sheer, ,1983).

2) Power Sharing With The People: building the regional census and vision

The successful cooperation of the Potomac River Basin didn’t initially happen.  It also needed the institutional arrangement to succeed. One of the pioneering efforts was made by the WSSC.  In 1976, frustrated by the failure to find implementable regional solutions for the area’s problem, the WSSC undertook a study to determine what it could do with its own supply ( the Bi-county Water Supply Study, BCWSS). The organizational structure of the study was unique and  effective.  The study was directed by the Bi-County Water Supply Task Force, organized by the WSSC and composed of the local elected officials of Prince George and Montgomery counties who would be required to approve the recommendations.  In this way, the appropriate officials were directly exposed to the engineering design process, and given an understanding of and a stake in its results. Two advisory committees were also formed, a Citizen Advisory Committee and a Technical Advisory Committee.

The citizen members were appointed by the county executives, the technical members by the WSSC.  Both Advisory Committees met regularly with the study consultants, and made recommendations directly to the task force. As a result of this organizational arrangement, the consultants became acutely aware of the most of the concerns and objectives of the informed public.  The consultants could thus concentrate on the alternatives most likely to be implementable.  In addition, the engineering rationale behind the recommendations was well understood and appreciated by a diverse and influential group of community representatives.

In 1978, Maryland’s Bi-County Task Force produced three primary conclusions. First, the WSSC should not plan to construct all the facilities necessary to meet peak demands during the worst of droughts; small shortages of seven or fewer days duration were acceptable.  Second, the WSSC could provide for its own needs for 15 to 20 years by building either of two facilities, a small reservoir on Little Seneca Creek in Montgomery County, or a large raw water pipeline between the WSSC and Maryland Potomac and Patuxent Treatment Plants.  Third, the WSSC and Maryland counties should proceed immediately with the planning and design of both facilities, and the construction of one, preferably Little Seneca Lake. Given the structure of the Bi-County Study, the recommendations were very well received locally.  Under these pioneering efforts and another studies which mention before, there is   the creation of regional census.

3) Strong political will and leadership

The last, but also important factor is the strong political support from federal, state and local political leadership gave tremendous support. The leader of ICPRB by that time also provided the important leadership to figure out win-win solution.( Wolman, Steiner, 2001, personal comment)

 4.6 Conclusion

Overall, the Potomac River Basin has a rich water supply, which is the region’s advantage for building the cooperation  Providing the Washington area with an adequate water supply, however, was still a complex engineering, social, economic, environmental, and institutional problem.  Large scale structural solutions had been proposed. The success of CO-OP prooves that non-structural engineering alternatives, including better management of existing facilities, can solve some of the most difficult socio-political problems and achieve substantial cost savings (Sheer, 1983).

There were some important water management paradigm shifting throughout the time.  The establishment of the LFAA was the first indicator in the shift in water management strategy. In the past, planning for water supply and resource management was based on a fundamental pattern of constructing dams and reservoirs and developing additional water resource to meet unrestricted demand. Under the LFAA, the objective is to plan for water shortages. 


Prior to the development of allocation and operation agreements on the Potomac, the region was a prime for a case of the “ Tragedy of the Commons.”  The use of the river as a common resource was about to exceed its capacity. After the establishment of CO-OP, the objective became to protect the common resource.

The integration of engineering analysis and the decision making process made possible by computer simulation played an important role in implementing the solution. The three regional water suppliers’ decision to seek a joint solution regarding the water supply shortage through ICPRB has made it possible to provide an adequate water supply for the Washington Metropolitan Area.  The means of achieving this end not only satisfy the water demands; they are hundreds of millions of dollars less costly than previously proposed courses of action.

CHAPTER 5

THE CASE OF CONFLICT: DISPUTE OVER THE PROPOSED EXTENSION OF THE FAIRFAX COUNTY WATER AGENCY INTAKE

5.1 OVERVIEW

Conflict and cooperation always existed in the Potomac River Watershed Management.

With the signing of the management compact of the Potomac River in 1982, Virginia, Maryland, the District of Columbia, and their principle water supply agencies agreed on a set of cooperation management that provided a national model of cooperation in planning and sharing water resources.  But their agreements did not guarantee cooperation on all Potomac issues. The major change is environmental groups and interests groups increased the power and played more important role in the decision- making process. This chapter tries to  present water conflict  and the reasons of the conflict along the Potomac River Basin.
As one of the water utilities in the Washington Metropolitan Area (WMA), the Fairfax County Water Authority (FCWA)  supplies water to about 1.2 million people in Fairfax, Alexandria, Dale City, Prince William, Loudoun, Dulles Airport, and Fort Belvoir.  The FCWA applied, on January 4, 1996, to the Maryland Department of Natural Resources for a permit to construct an offshore intake in the Potomac River to supply water to the Potomac plant, which diverts water through an intake to the Virginia shore. 

Under a 1632 land grant, Maryland owns the sections of the Potomac River where it touches both states.  Virginia’s boundary ends at the river’s low water mark on the Virginia side.  For at least 133 years, however, Virginia has had the right to use Potomac River water. 

On December 10, 1997, the Maryland Department of the Environment (MDE) denied Virginia’s permit.  Since then, the cross-border dispute has spawned legal action on several fronts: the Fairfax County Water Authority (FCWA) vs. Maryland Department of the Environment (MDE); Environmental Groups vs. The Water Developers and Virginia vs. Maryland. The U.S. Supreme Court agreed to take the case in May 2000.

5.2 THE FCWA WATER INTAKE BATTLE

5.2.1  The Beginning
     Since 1982, FCWA has diverted water through an intake structure on the Virginia shore of the Potomac River, just inside Loudoun County.  The FCWA claims the existing water intake is situated too close to land and  catches sediment and other pollutants.  The water authority spends $1 million a year to strain thick, brown sediment out of the diverted water.  The FCWA is seeking a new intake location further from the shore to obtain water that is free of silt and other impurities.  The cleaner water is easier and cheaper to treat in meeting federal Safe Drinking Water Act standards.

The Fairfax County Water Authority proposed building a new, 600 to 725-footlong, 300 mgd capacity intake next to the existing intake that would cost approximately $6.6 million.  Plans call for partially burying the pipe in the riverbed, 2 1/2 feet below the river’s historic low-flow level and the FCWA submitted its applications for state and federal permits  on January 4, 1996.

Section 10 of the Rivera and Harbors Act of 1899, 33 U.S.C.§ 403, prohibits the construction of any structure in navigable waters of the U.S. except on plans recommended and approved by the Army Chief of Engineers of the U.S. Army Corps of Engineers.  Section 301 of the Clean Water Act of 1972, 33 U.S.C. § 1311, requires a permit issued under Section 404 of the statute if construction in the waters of the United States results in a discharge of fill material.  Section 401 of the Clean Water Act further requires that the applicant obtain a water quality certificate from the State in which the discharge originates that the discharge complies with state water quality standards.

In addition to federal permits, the FCWA applied to MDE for three permits from the State of the Maryland: a waterway construction permit, an amendment to its water appropriation permit to divert water from a different location, and a Section 401 water quality certificate required under the Clean Water Act of 1972.

Maryland issued the FCWA a water appropriation permit in April 1996, authorizing  the diversion of water from the proposed offshore location; no change was sought or made in the amount of water authorized to be withdrawn.  On January 31, 1997, the Corps issued the waterway construction permits.  With these federal permits in hand, the FCWA waited  for MDE’s decision on the Maryland waterway construction permit and the Section 401 water quality certificate.

5. 2.2 Maryland’s view

While Maryland has not denied the application to move the intake pipe, some concerns have been raised among Maryland officials.  Officials are concerned that the proposed intake pipe would increase the capacity for potential water diversion.  Maryland officials also complained that the water utility would not need to move the intake pipe if Virginia did a better job regulating its storm water run off, thus reducing the sediment load in the river.  Critics in Maryland contend that Virginia could solve its intake water problem by slowing development and controlling erosion in the Potomac River watershed.  Maryland officials see the proposed intake pipe not only as unsightly, but also as fueling rampant growth in Virginia.

 Reasons for Opposing the Intake

· The new water intake is not necessary: Since shore intake lines have worked successfully for more than 30 year and haven't posed much of a problem, why change now? ( Degroot, B., 1998) 

· The turbidity problem is caused by Virginia's backward environmental policies and its uncontrolled growth.  Virginia should spend its money on containing siltation rather than imposing its problems on Maryland, which has more-advanced environmental policies than Virginia.  

· Aesthetic: The intake structure will be an aesthetic blight that will despoil the wild and scenic Potomac.
· Threats to downstream water quality: If the FCWA withdraws cleaner water, dirtier water will flow downstream to the Washington  Suburban Sanitary commission and Washington Aqueduct intakes.

·  Economic competition: The intake will improve Virginia's ability to compete with Maryland for business and jobs.  Denying the permit will hinder Virginia's economic growth.

· Encourage urban sprawl

· Environmental and citizen groups argued, “the intake is an effort by Virginia to ignore the consequences of their pollution.  They pollute the river; now they want to get out of cleaning it by avoiding the consequences of their own actions.  This is just absurd, an environmental nightmare.”(Barnes, G.1999)  They  believed the condition of the states’ shore lines and their environmental policies speak for themselves---Maryland utilizes smart growth planning practices and has the C&O Canal National Historical Park on the north; Virginia has a sediment-ridden shore due to reckless, steadily encroaching development and lax environmental standards.  Environmental and citizen groups insist that Virginia’s reckless development is causing sediment to flow into the Potomac River and back into their drinking water.  “Uncontrolled and unmanaged development is grinding up the fields and woods of Loudoun County as it has done with Fairfax County,” said Sen. Christopher Van Hollen Jr. (D-Montgomery).  He co-sponsored a bill to block the pipeline project (BJ, 1999).  

Since the end of World War II, the American Dream has been defined as a big house in the suburbs.  Sparked by a series of federal and state government policies, including  massive road building projects and community planning designed around the automobile, Americans abandoned the cities for greener pastures in suburbia . 

Now many Americans consider over-development - "sprawl" - to be the fastest-growing threat to their local environment and quality of life (Brown,A., et al., 1998).  Many local and national environmental groups consider urban sprawl to be one of the most important environmental issues in the United States.

The environmental consequences of unplanned development and rapid growth are evident across America: increased traffic congestion, longer commutes, increased dependence on fossil fuels, crowded schools, increased air and water pollution, decrease in the amount of open space and wetlands, increased flooding, destroyed wildlife habitat, higher taxes and dying city centers.

Water suppliers across the country are increasingly being drawn into the development debate, as environmental groups target suburban sprawl as the new major threat (BJ, 1999).  This is the major reason that Fairfax County's new water intake drew the attention of opponents from the State of Maryland and environmental groups, such as the Maryland Audubon Society.

The Potomac River basin, which includes metropolitan Washington, indeed is one of the worst urban sprawl regions in the United States.  The Metropolitan Washington Area is listed as the third most sprawl-threatened large city by the Sierra Club report (" the. 30 Most Sprawl-Threatened Cities", 1998).
Residential housing has claimed a tremendous amount of open space.  The Washington Post reported in late July of 1995 that the housing stock grew about 35 percent faster than the population, according to new U.S. Census Bureau statistics.  More building permits have been issued in the Washington/Baltimore region than anywhere else in the country (Brown, A. et al., 1998).
From 1950 to 1990, the population of the Metro Washington Region grew by 161.3%, but the urbanized area grew by 430.9%, nearly three times the population growth.  Baltimore also experienced increased urban sprawl as the population grew only 62.7%, while the amount of land under development increased by 290.1% (figure 5.3).
Table 5.1 Growth in Land Consumption Exceeds Population in Metro Washington 
	Urbanized Area
	Population growth, 1950-1990
	Urbanized area Growth, 1950-1990
	Ratio of Area Growth to Pop. Growth

	Washington
	161.3%
	430.9%
	2.67

	Baltimore
	62.7%
	290.1%
	4.63


Source: The Public Purpose “Demographic Briefs and Urban Policy, 1999." Calculations based on data from the U.S. Census Bureau ,1990
The population of the District of Columbia has steadily declined since 1970, while the suburbs in Maryland and Virginia have grown dramatically (60% from 1970 to 1990, and over 10% from  1990 to 1996).  The outermost suburbs have experienced phenomenal growth.  The population of Loudoun County, Virginia, for example, expanded by 55% between 1990 and 1996, and another 7.7% from 1996 to1997, making it the eighth fastest growing county (for counties with a population of more than 10,000) in the country .  Open space is being rapidly gobbled up by commercial and residential structures, roads, parking lots and strip malls.  The amount of open space lost to development in Loudoun County increased 88% between 1982 and 1992 (COG, 2000).
The projected population of the Metropolitan Washington Region is expected to grow steadily by 2025, adding an average of approximately 58,000 persons per year.  Most population growth will be concentrated in Loudoun, Fairfax, and Montgomery counties.  The outer counties, however, will experience the fastest rates of growth, led by Loudoun (195%), Charles (59%), and Frederick (56%).  The region’s central counties will grow at a slower rate.  In Arlington and Alexandria counties, the population will increase by 14% and 15%.  The District of Columbia will reverse the short-term trend of population loss and grow by 25% during this period (COG, 2000).
5.2.3 FCWA’s view

Reasons for Replacing the Intake

Since 1982, the FCWA has withdrawn Potomac River water through an intake located along the Virginia shoreline at Lowes Island in Loudoun County, Virginia.  In the ensuing eighteen years, the FCWA has experienced a number of serious problems, including periodic blockages resulting from clogging of the intake by grass, leaves, and ice.  In addition, following local rainstorms, run off from several upstream tributaries decreases the water quality of the Potomac River making it more difficult and expensive to treat after diversion due to high turbidity, low ph, alkalinity.

A comprehensive study commissioned by the FCWA concluded that the FCWA should construct an alternate intake 725 feet offshore from the existing intake, in the main channel of the river.  The Potomac River is 2,000 feet-wide at that point and offshore intakes are common across the United States.  The study determined that an offshore intake would reduce the FCWA’s operational problems arising from clogging at the shoreline intake, reduce solid loading at the treatment plant by 40% to 50%, and dramatically improve the quality of the diverted water.  The savings from the reduction in solids from the proposed intake in terms of reduced disposal costs of solids and chemical treatment costs alone would exceed $13 million (Virginia vs. Maryland, 129 U.S. P11).
In summary, the new intake would enable the Fairfax County Water Authority to more reliably provide Virginians with cleaner drinking water at a lower cost.

1. More Reliable Water Supply:

· Existing intake ices up in cold winters.
· Existing intake is blocked by leaves every fall.
· Existing intake is blocked by aquatic grass every summer.
· Existing intake is subject to closure by fuel and chemical spills in Sugarland Run and Broad Run Watersheds.

· Sedimentation after storms requires the application of chemicals in the treatment process of diverted water.
The proposed offshore intake would alleviate the problems listed above.
2.Cost Saving For Virginia Consumers:
· The Authority removes 4,000 to 8,000 tons of sediment from diverted water every year.  The proposed intake, which uses water from the center of the river channel, will reduce sediment by 50% resulting in savings in removal, storage and transportation of sediment.

· Reducing the amount of sediment removed from diverted water will avoid the cost of constructing additional equipment and storage space when the water treatment facility is enlarged. 
· Estimated saving of $1 million per year.  An estimated $30 million will be saved when the Potomac River Water Treatment Plant is expanded because the solids handling facility will not have to be enlarged .(FCWA, 2000)

3.Promotes Public Health:

· Purer source water assures purer water delivered to consumers (primary principal of water treatment).
· Waterborne pathogens such as cryptosporidum are associated with turbid water, which is diverted through the current intake.
An oil spill in 1993 closed the shore intake on the Potomac River for seventeen days.  This event crystallized the authority’s resolve to reduce the threat of environmental accidents, as well as, halt the annual blockage of the intake from ice, aquatic grasses, and leaves.  Such blockages require dangerous and labor-intensive removal and reduce the plant capacity to delivery water to its costumers.  Additionally, water that is withdrawn at the shore intake is consistently and substantially more turbid and of poorer quality than the water diverted further from the center of the river.  The offshore intake would provide additional public health benefits by acting as a barrier against waterborne pathogens associated with turbidit water along the shore (FCWA, 2000 ).
In support of its application to relocate the intake, the Fairfax County Water Authority asserts that the water that it currently draws into the shoreline intake has elevated levels of sediment.  Two tributaries of the Potomac River located in Virginia above the current intake, Surgarland and Broad Run, contribute elevated sediment loads to the Potomac River.  These tributaries run though Fairfax and Loudoun Counties, which are two of the most rapidly developing areas within the region. 

5.3 Legal Battles Regarding the Proposed Intake

The case (which case) has since gone back and forth in internal departmental appeals.  After considering the numerous submissions provided by Fairfax County in support of its project, the Water Management Administration (WMA) of the Maryland Department of the Environment (MDE) denied the application submitted by the Fairfax County Water Authority on December 10, 1997.
The Department stated:"Based on the evidence submitted, the Department believes the general public interest would be best served by avoiding impacts to the Potomac River from the installation of the proposed intake…The public need for a safe and adequate supply of drinking water may reasonably be accomplished using the existing intake on the Virginia shore of the Potomac River" (Hearn, J.L. 1997).
After the permit was denied, the FCWA requested an appeal on December 23, 1997.  Following a November 24, 1998, ruling on prehearing motions, a hearing was convened on December 3 and 7.  Administrative Law Judge Neile S. Friedman issued a Proposed Decision on January 21, 1999, in which she concluded the permit should be granted because the MDE had failed to "establish a prima facie case that properly denied the proposed waterway construction permit" (Maryland Administrative Law Judge Decision, 2000).

Judge Neile S. Friedman thus ruled in Fairfax County’s favor, issuing an advisory opinion stating that the pipe would not harm the environment.  Maryland officials asked Judge Friedman to reconsider her decision.  Judge Friedman declined and called Maryland’s continued refusal to issue the permit “inappropriate” (MDE, 2000).

During the appeal, political pressures intensified.  On February 12, 1998, Delegate Jean Cryor (Maryland, Montgomery County) introduced a bill in the Maryland General Assembly (HB No.848) that would have banned all offshore water intakes in the Potomac.  Senator Ida Ruben introduced a companion bill (SB Nno. 717) in the Maryland Senate.  After a public hearing, the House Environmental Matters Committee, to which the bill had been referred, failed to report(failed to report is awkward, what did the committee do that killed the bill?), thus killing the bill.  Senator Ruben subsequently withdrew her bill, however, Delegate Cryor vowed to reintroduce the bill the following year.
On February 18, 2000, the State of Virginia sued the State of Maryland over Fairfax County’s plan to build a new drinking water intake pipe in the Potomac River.  On May 30, 2000, the Supreme Court agreed to hear the case.

By January 24, 2001, the Maryland Department of the Environment complied with a court order and issued a permit to allow the Fairfax County Water Authority to build a new intake pipe halfway across the Potomac River.  This ruling was the final blow to Maryland’s three-year-long attempt to deny the permit and another strike against Maryland in its centuries-old battle with Virginia over rights to the river that forms their common border.

According to the State of Virginia's view, “the permit was a victory in the effort to ensure clean, safe drinking water for Northern Virginia” (Botkins, D., 2001).  From the State of Maryland's point of view, "the permit was not in the best interest of the public nor the health of the Potomac River,” Environment Secretary Jane T. Nishida (McCord, J., 2001).

Under this permit, the Fairfax County Water Authority told its contractor to begin work on installing the intake pipe by February 2001.  Although the conflict has not been resolved, as Maryland appealed the decision and a hearing is scheduled for April, 2001, in which the U.S. Supreme Court will decide who has authority over the river.
5.4. Differences in the institutional Structures of Maryland and Virginia Relating to Water Management and Planning

The Potomac River watershed encompasses 38,000 square kilometers and lies within the jurisdiction of the District of Columbia and the four surrounding States of Maryland, Pennsylvania, Virginia, and West Virginia.

Virginia owns 39% of the land within the Potomac River Basin while Maryland owns only 26% of land of the Potomac River Basin, but Maryland owns the Potomac River under a 1632 land grant from King Charles I and claims jurisdiction over construction projects that would affect the river.  Virginia officials argue that a 1785 compact between the states - signed at George Washington’s home, Mount Vernon, on a bluff overlooking the river - and arbitration in 1877 allows Virginia the right to divert water from the Potomac (McCord, J., 2001).  The boundary between Maryland and Virginia was resolved with the Black-Jenkins Award of 1877, which allotted Maryland the Potomac river up to the low-water mark on the south side of the river channel.  Both the compact of 1785 and the award of 1877 provided for concurrent management of the river between Maryland and Virginia (U.S. Army Corps MWA Study, 1976).
Maryland subscribes to a riparian rights theory of water law, which counties of reasonable use by riparian landowners.  Thus, while the state controls the river, any non-resident riparian user is assured a share of the water (Beuscher, 1961; Clark, 1967).  Maryland’s common law holds that no riparian landowner possesses title to the riverbed below the low-water mark (Moncada, 1979).  In 1933, (which state) introduced a permit program, which recognized control over water diversions within its boundaries.

Maryland requires that any person seeking to construct an improvement in the Potomac River must obtain a waterway construction permit from the Maryland Department of the Environment.  Maryland also requires that anyone seeking to withdraw water from the Potomac River obtain a water appropriation permit from the MDE.

The 1933 permit program formally recognized Maryland’s authority to withdraw water from the Potomac River within state borders and acts as the main control for withdrawals from the river.

The riparian water rights of Virginia, West Virginia, the District of Columbia, and U.S. Army Corps of Engineers are recognized and protected by Maryland law and procedures.  Any person in a neighboring jurisdiction is entitled to use the Potomac River water under precisely the same condition as a person with a riparian water right in Maryland.

As demands for Potomac River water increase, controversies over water rights are being revived.  West Virginia and Pennsylvania are, at present, making minimal demands on the Potomac River, but could at some point exercise their riparian rights and divert more water from the river.  Maryland, with ownership rights of the Potomac River from the bottom to the low-water mark on the Virginia side, would be expected to exercise its management power and require that non-Maryland entities seek permission from the State before making any appropriations of water.  Ample sources of conflict exist (U.S. Army Corps MWA Study, 1976).
Maryland requires that anyone seeking to withdraw water from the Potomac River must apply for a state “appropriation” permit.  Maryland has a separate permitting procedure for any construction in the river.  Appropriation permits have been routinely granted to the FCWA for withdrawals as the demand for water in Virginia has increased.  Presently, FCWA is permitted to withdraw an annual average of 100 mgd from the Potomac River with a maximum day withdrawal of 200 mgd.

From Virginia’s view, Maryland’s water appropriation permit procedure is invalid when applied to Virginia. Maryland has no unilateral right to limit the amount of water diverted by riparian water right-holding communities in Virginia may withdraw from the river. 

Maryland’s water policy appears to call for an expansion of the state’s role in water supply and management.  This is exemplified by Maryland’s water permit system.  These permits stipulate daily water withdrawal allotments and provide withdrawal limitation during low-flow periods.  The permit program could prove to be a major obstacle in the development of regional water management as far as Virginia is concerned.

Virginia’s institutions responsible for water management have been decentralized as a result of laws that were adopted in response to specific problems.  Like Maryland, Virginia follows the riparian rights doctrine of water appropriation law.  Virginia honors riparian rights although an appropriation permit must be obtained from Maryland prior to any diversions.  Virginia views this as a unilateral measure taken by Maryland.  Theoretically, Maryland can withhold approval of additional withdrawals from the Potomac River even if the new intake is located in Virginia.  Virginia must seek Maryland’s approval to withdraw more water from the river.  To date, there is no state permit system for water appropriations to protect Virginia’s riparian rights (Moncada, C. 1979).
5.5 Scientific Aspects to the Conflict

Maryland's opposition to Virginia’s proposed intake sounds environmentally correct, but lacks scientific data to support its position.  In  Maryland State Court, Judge Neiles S. Friedman stated:

“The credible and reliable evidence at the hearing was that the construction of the proposed intake promotes the public welfare and is in the best public interest because it will provide the best raw water resource for drinking water, reduce sediment loading, reduce the risk of waterborne pathogens and disinfection byproducts in the finished water, reduce clogging problems at the shore, and improve the reliability of the Corbalis Plant’s water treatment operations.  MDE presented virtually no credible evidence to the contrary, and it bore the burden of proof in this case to show that the mid-river intake was unnecessary (COMAR 08.01.04.16; Stip. No. 4.).

During the public hearing, there were four major objectives:

1.  Offshore water is the purest water available.

2.  An offshore intake will reduce sediment loading in the river.

3.  Using an offshore intake will reduce the risk of waterborne pathogens and disinfection by-products.

4.  An offshore intake will reduce clogging problems and other hazards associated with the intake located at the shore.

During the hearing, the FCWA provided the data to show a new intake can divert water of higher quality.  The FCWA showed that the mean turbidity at the existing intake is 50% greater than at the mid-river site; this comparison is based on data provided by the offshore intake operated by the Town of Leesburg and from 246 samples taken at the proposed mid-river intake site.  Furthermore, the levels of turbidity and suspended solids at the existing shore intake exceed those at mid-river more than 80% of the time, and on any given day, turbidity and suspended solids at the FCWA intake average three times those at the mid-river site.  When local rainfall exceed 0.5 inch per day, the mean and median turbidity and the amount of suspended solids at the shore intake are more than four times greater than at the mid–river site.  Typically, mid-river turbidity and suspended solids levels change very little when rainfall exceeds 0.5 inch (FCWA Ex 24,25, Tr.877-79,881-83).

Based on this data, the FCWA has strong evidence to prove that a new water intake located in the mid-river can reliably divert  higher quality water.

By contrast, the MDE could not provide strong scientific evidence to the contrary of Virginia’s findings .  For example, downstream water users are concerned that if the FCWA withdraws clean water from the proposed mid-river site then dirtier water will flow downstream to the WSSC and Washington Aqueduct intakes.

According to the data, flows on the Potomac River vary from extreme floods, over 1,040 million cubic meters per day (cmd) (275 billion gallons per day)—to extreme droughts with flows under 1.47 million (cmd) (388 million gallons per day (mgd)).  Over the past 50 years, the average flow in the Potomac River, measured at the Little Falls gauge, is 26.5 million (cmd) (about 7 billion gallons per day).  Between 1988 and 1997, the combined average amount of water withdrawn annually from the Potomac River by all three major water utilities was 372 mgd; the largest daily withdrawal recorded during the same period was 583 mgd (Steiner, R. 1998).  The combined average amount of water projected to be withdrawn annually from the Potomac River by all three major water utilities in the year 2020 is approximately 525 mgd, and the largest daily withdrawal project for any given year is approximately 746mgd (Steiner, R. 1998).

The data presented above shows that the Potomac River is a large system and there is plenty of water to go around.  Of the average annual seven to eight billion gallons of water that flows downstream each day, the three largest water utilities in Virginia, Maryland and the District of Columbia tap only about 0.2% of the average annual flow.  (Calculation: [(525 mgd/275,000 mgd)*100 ] = % diverted of average annual discharge) 

Besides reduced water quality, another environmental concern was that the increased diversion capacity of the new water intake would encourage urban sprawl around the WMA.  In fact, Fairfax County has already experienced substantial growth and as a result surface water pollution is already a problem.  Some of the scientists think, “This is the wrong case to address urban sprawl, because that area has been built up.  All of the surface water area is already built up.  There is no further impact from the new pipe” (Wilcock, P. 2000). The FCWA provided the data to show that development is not the main source of turbid water.  Furthermore, data provided by WSSC shows that siltation is worse on the Maryland side of the Potomac than on the Virginia side, leading WSSC to seriously consider relocating its own offshore intake.  Siltation problems at the authority’s existing intake predate recent growth in the watershed, and the sediment comes from run off from fields and forests as much or more as it does from developed lands.
5.6 Political Aspects of the Relocation of the FCWA Intake 
5.6.1 Politicians

The conflict over the relocation of the Fairfax County Water intake from the Potomac River has environmentalists and politicians taking sides on both banks of the river.  Representatives from Virginia feel that Maryland denied the permit largely for political reasons.  Maryland thinks Virginia intends to develop its economy but doesn’t care about environmental harm associated with intensified development.

During these  four years, the FCWA agreed to some suggestions by officials from Maryland about the construction of the offshore intake.  One recommendation from Maryland officials was to design the intake structure so that it is always at least 2 1/2 feet below the surface of the river.  Maryland officials have stipulated that such a structure would not obstruct navigation on the river, nor disturb fisheries, nor adversely affect the river’s aesthetic beauty.
Maryland officials, under pressure from legislators and the governor from Maryland, have insisted that Virginia demonstrate, to their satisfaction, the necessity of  the offshore intake (Virginia vs. Maryland, 129 U.S.  p1, 2000  ).
Various Maryland state legislators objected to the project and began to pressure the MDE to withhold the permits.  For instance, on May 19, 1997, the Maryland General Assembly Delegate Jean Cryor (Montgomery County) urged Maryland’s Secretary of the Environment, Jane T. Nishida, to withhold the authority’s permits.  Cryor complained that the Potomac River was, “being used as a resource for Virginia’s continuing economic development.”  Delegate Cryor’s efforts caused the MDE to hold a public information hearing.  At the hearing in Montgomery county, Maryland, on May 21, 1997, Delegate Cryor vowed publicly that she would work to prevent the Fairfax County Water Authority’s offshore intake from ever being constructed.

State Senator Jean W. Roesser (Montgomery County) likewise opposed the project and stated at the hearing that, “We should call a spade a spade” and “have a clear understanding that expanded intake accommodates Virginia’s massive growth.”

Following substantial political pressure from these and other Maryland state legislators, as well as from the governor of Maryland, the Water Management Administration (WMA), a branch of the MDE, denied the authority’s waterway construction permit in December 1997, and refused to act on the authority’s request for a Section 401 water quality certificate.  The WMA claimed that the Authority’s offshore intake project was “unneeded” because the Authority already had a shoreline water intake providing “a safe and adequate supply of drinking water”   This was the first time that MDE had ever denied a waterway construction permit to an applicant for a construction project in the Potomac River.(FCWA, 1997)

The governor of Maryland claimed, in a February 1998 letter to one of his constituents, that he had decided that the permit should be denied.  Similarly, Delegate Cryor stated publicly that her efforts were instrumental in causing the MDE to withhold the Authority’s Maryland permits (FCWA,19997).
On February 3, 2000, Delegate Cryor, with 30 co-sponsors, introduced legislation in the Maryland General Assembly that would effectively prohibit the construction of new water intake structures in the Potomac River until environmental studies are completed.  Then, on February 4, 2000, a companion bill was introduced in the Maryland Senate.  Delegate Cryor’s proposed bill would forever prohibit the construction of any new water intake structures in the Potomac River unless they are a replacement for existing water intakes.  Cryor’s bill would prevent any additional water intake structures from being constructed by Virginia.(Lane,1999)
During this time, attorneys from Maryland and Virginia reached a settlement, but the MDE’s director, under political pressure, didn’t agree the agreement.  This illustrates that the involvement of politicians in the administration and decision-making process resulted in the politician's desires outweighing technical evidence ( Wilcock, 2000).
5.6.2 Impact of Republican v Democratic Ideologies on Development and Land Use Planning
The two states have are rivals, split by political differences over development that has come to a head over management of the river that divides them.  A reasonable settlement was stymied by a growing feud between pro-growth forces in Virginia and their environmental counterparts in Maryland.  The explanation given by David Botkins, spokesman for Virginia’s state attorney general is that “Virginia’s conservative Republican philosophy of self-reliance, personal responsibility and individual freedoms, versus a liberal, Democratic, government- is- the answer philosophy in Maryland( Amble,2000).  Maryland Senate Majority Leader Clarence Blount remarked during a debate in 2000, “If the two states were independent nations, we would be at war over this.”( WN,2000)

5.6.3 Value and Development Patterns
Every government within the Potomac watershed has taxing powers over the land within its jurisdiction and promotes a mix of land development strategies that maximize tax revenues and minimizes public expenditures for services demanded by its citizens.  Some localities pursue rapid industrial development to achieve this goal; others utilize growth restricting policies to achieve the same goal.  This means that the states and localities are in direct competition for economic development and natural resources within the region.

A significant advantage for municipalities competing for economic development is self-sufficiency in water supply and sewage treatment.  Self-sufficiency allows municipalities to demonstrate to industrial and residential developers that adequate water and water treatment exist for increased development at favorable rates.  In a competitive market, existing capacity and favorable rates for water and water treatment may attract development that would have chosen neighboring jurisdiction (Hartly, D.K. 1981).
Virginia Governor Jim Gilmore, a republican, said on May 24, 2000, that friction between the two states stems from radical differences in their approaches to growth.  Gilmore has pushed hard for growth and economic development, especially in the state’s northern high-tech corridor, which is home to America Online and other major companies, that borders Washington D.C. and Maryland.  On the other hand, Governor Glendening of Maryland is a liberal democrat who has made curbing urban sprawl, preferring smart growth and preserving undeveloped land a hallmark of his administration.

 “Fairfax is booming, developers are developing, bulldozers are churning earth wherever and however they please, and as a result, two Virginia tributaries to the Potomac are running muddy—into the Potomac and right into Fairfax County’s water intake pipe” (Ambler, 2000). 

5.7 CENTURY-OLD BOUNDARY DISPUTES BETWEEN STATES

Maryland has lost rounds in the past in its battle with Virginia over control of the Potomac River.  The first political jurisdiction including the Potomac River was Virginia.  King James I gave the Virginia Company three charters between 1606 and 1612, which included land extending from what is now part of North Carolina on the south well into what is now Pennsylvania on the north.  In 1632, King Charles I carved a large piece of land out of Virginia and gave it to Cecil Calvert, Lord Baltimore.  The tract, which became Maryland, is bounded on the south by the “further bank” of the Potomac River and on the west by the “first fountain of its headwater.  The grant included not only both sides of Chesapeake Bay but also all of the Potomac River up to the mean low-water line on the south bank. ( Hartly, D.K. 1981; Mathias,C. M. 2000)

The two colonies sharp disagreements over the exact location of the boundary between them.  From 1634, when Maryland was first settled, until 1776, when independence from Britain was won, the river was wide enough and residents rare enough to avoid conflict over rights of use of the river.  By 1776, Virginia recognized Maryland’s jurisdiction over the Potomac River but claimed the Virginia shore and the right to use the river. ( Hartly, D.K. 1981; Mathias,C. M. 2000)
In the 1780s, the regional population began to grow, and fish from the Potomac River became economically important.  George Washington operated a fishery at Mount Vernon from the Virginian side of the river, although fish in the river belonged to Maryland.  The fish that George Washington caught and sold belonged Maryland.  Many Virginians were poaching in Maryland’s waters and Maryland fishermen undertook actions to stop the poaching.  Virginians retaliated by threatening to close the passage between the capes at the mouth of the Chesapeake Bay, making it impossible for Marylanders to reach the Atlantic Ocean via the river.

Washington assembled a group of representatives from Maryland and Virginia at his Mount Vernon estate to discuss the problem.  The meeting resulted in the Potomac River Compact of 1785.  Maryland extended the privilege of fishing on Potomac to Virginia while Virginia pledged to keep the Chesapeake Capes open to Maryland navigation.
The compact helped to provide a basis for controlling activities on the river, but it didn’t settle the dispute over ownership.  The 13-article compact, later ratified by legislatures of both states, declared that, although Maryland owns the river, both states have the right to fish, place crab pots, and construct “wharves and other improvement” on the Potomac ( Hartly, D.K. 1981; Mathias,C. M. 2000)

1877: The Black-Jenkins Award

The two states agreed to binding arbitration, which led to the Black-Jenkins award of 1877.  Under the award, Maryland was given ownership of the river to the low-water mark on the Virginia side of the channel.  Quarrels then arose over the exact location of the low-water mark and jurisdiction over the tributary streams.  However it also stated that:

“Virginia is entitled not only to full dominion over the soil to the low-water mark on the south shore of the Potomac, but has a right to such use of the river beyond the line of the low-water mark as may be necessary to the full enjoyment of the riparian ownership, without impeding the navigation or otherwise interfering with the proposed use of it by Maryland”. 
The boundary question was temporally resolved for the two states with the acceptance the Mathews-Nelson Survey of 1928.

West Virginia separated from Virginia and became a state in 1863.  West Virginia and Maryland also experienced similar differences over their boundary, much the same as the arguments between Virginia and Maryland.  When the charter was granted to Lord Baltimore, no one knew the “location of the first fountain” (headwaters) of the Potomac, leaving the western boundary in doubt.  Further complicating matters, the southern boundary of Maryland was not defined because the main stem of the Potomac River was not differentiated from the various tributary branches of the river.

It wasn’t until the states took the matter to the Supreme Court of the United States in 1910 that the boundary question was settled.  The court ruled that the southern boundary followed the low-water mark on the West Virginia shore and the west boundary was marked by the Fairfax Stone.  (Explain what Fairfax Stone is in one sentence) 
Originally, the District of Columbia was created from land ceded from Virginia and Maryland and the District of Columbia governed both banks of the Potomac River.  In 1846, the federal government returned the land given by Virginia.  Unlike Maryland, the District of Columbia has jurisdiction over the river to the high-water mark on the Virginia side of the channel ( Hartly, D.K. 1981; Mathias,C. M. 2000).
5.8 CONCLUSION
Fairfax water intake conflict has settled by the court decision, but, it reveled the need of new strategy for the Potomac River Basin among the water quality, water quantity and land use policy.

Environmental concern has big shift from 1970s to 1990s. Environmental groups and NGOs also want to play more important role in policy-decision process. In contrast, the society and water agencies reform are not fast enough to echo the changes. 

There is a major environmental concern shift though out the time.  First generation of environmental laws and regulations reach the first stage the environmental improvement though the ”control and command” regulations. Second generation environmental concerns have shifted from a single-minded focus on big resource of air and water pollution to more diffuse issues of region-wide smog, watershed degradation, habitat loss, and global worming. In first generation of environmental policies have tended to impose top-down and prescriptive solutions to address one problem at a time. But, the more complex and diffuse environmental problems of today demand new tools of engagement. (Landy, et.al, 1999)  

The field of watershed management is rapidly evolving area in which the participants are recognizing that sound tools for managing people and institutions are just as important as the tools for managing the technical aspects of a problem. 

.
BOX 5.1  Fairfax County Water Intake Battle

· January 4, 1996: The FCWA submitted its applications for state and federal permits for a new water intake.

· December 10, 1997: The Maryland Department of the Environment denied the permit. 

· December 23, 1997: The FCWA requested an appeal to the Maryland Department of the Environment’s denial of the permit.

· February 12, 1998: Delegate Jean Cryor (Maryland, Montogomery County) introduced a bill in the Maryland General Assembly (HB No.848) that would ban all offshore water intakes in the Potomac River.
· January 21, 1999: Administrative Law Judge Neile S. Friedman issued a Proposed Decision in which she concluded that the permit should be granted. 

·  February 18, 2000: Virginia sued in the U.S. Supreme Court over Fairfax County’s long-delayed plan. (I don’t think that you can sue in US Supreme Court, the supreme court agrees to hear cases, check you source to make sure, they could have petitioned the US Supreme Court to take the case)
· May 30,2000: The Supreme Court agreed to hear a case brought by  Virginia against  Maryland.
· January 24, 2001: The Maryland Department of the Environment, complying with a court order, issued a permit that allowed the Fairfax County Water Authority to build a new intake pipe halfway across the Potomac River.
· February, 5, 2001: The Fairfax County Water Authority instructed its contractor to begin work on installing a new water intake pipe in the middle of the Potomac River.
CHAPTER 6

THE EXPERIENCE OF THE POTOMAC RIVER Basin
Human activity has profoundly affected rivers and streams in all parts of the world, to such an extent that it is now extremely difficult to find any stream which has not been in some way altered, and probably quite impossible to find any such river.

— H.B.N. Hynes

6.1 POTOMAC RIVER MODEL AND TOTAL WATER MANAGEMENT

Water management involves a great deal of interdependence, not only among water management elements, but also between water, land, environment, and ecology.  This kind of integrated water management has been called “Holistic Watershed Management” or “Total Water Management.”

The American Water Works Association has made an attempt to define the concept of “Total Water Management.” Their definition is:

“Total Water Management is the exercise of stewardship of water resources for the greatest good of society and environment.  A basic principle of Total Water management is that supply is renewable, but limited, and should be managed on a sustainable use basis.”  Taking into consideration local and regional variation, Total Water Management accomplishes the following:

· Encourages planning and management on a natural water systems basis through a dynamic process that adapts to changing conditions;

· Balances competing uses of water through efficient allocation that addresses social values, cost effectiveness, and environmental benefits and costs;

· Requires the participation of all units of government and stakeholders in decision-making through a process of coordination and conflict resolution;

· Promotes water conservation, reuse, source protection, and supply development to enhance water quality and quantity; and fosters public health, safety, and community good will (AWWARF, 1996).
Using the Total Water Management framework to review the Potomac River watershed,  I will answer the following questions:
In Potomac River, what has been done in the past? 

What it can be done in the future?

How to apply lessons learned from the Potomac River to Taiwan’s water policy?
6.2THE EXPERIENCE OF WATER MANAGEMENT ON THE POTOMAC RIVER
Over the centuries, the Potomac River has been the receptacle of industrial and sewage wastes, agricultural runoff, and acidic discharges from mining operations.  Also, Water shortages threatened the regional water supply during the 1960s and 1970s.

The pollution control efforts sharply cut the amount of raw sewage and other pollutants dumped into the river, helping restore the river’s health.  National fishing tournaments are now held in waters once filled with sewage and dead fish.  The cleanup of the Potomac River serves as a national example of a program that successfully restored highly polluted waters (BJ, 1994).  Improving the water quality involved an enormous amount of coordination and co-operation among the regional water management in the Potomac River Basin.  The Washington Metropolitan Area will optimize water supply to meet the projected water demand for the next 25 years without building large reservoirs, drilling new wells, or constructing large pipelines.

A lot can be learned from using the Potomac River as a case study to see what happed, what was discarded, and why it happed.  From 1940 to 2000, there were four new trends in Watershed Management of the Potomac River:

1. A growing concern for the sustainability of natural ecosystems;
2. An increased recognition for the needs of the watershed and its inhabitants in sustainable ways; 

3. A shift from structural engineering solutions to non-structural alternatives;
4. A shift from water development to water conservation.
Following these new trends, the characteristics of the Potomac River Models are:

1. Strong Legislation, Political Will and Capital Investment

The single most significant factor distinguishing the Potomac Region from other regions is the location of the U.S. capital.  As a river flowing through the nation’s capital, the Potomac River has many advantages in getting funding, research projects, and political attention.  For example, $1.6 billion was spent to build one of the biggest wastewater treatment plants in the 1970s.  It is hard to find any other watershed that has received more investment than the Potomac.

Leadership, legislative and institutional arrangements have played an important role in the solution of water quality and quantity problems in the Potomac River Basin; especially, the Clean Water Act of 1972 and the river-basin institution (ICPRB).  Data collection by the states has expanded considerably since the early 1970s, largely as a result of Clean Water Act of 1972 requirements.  Funding is also available under the Clean Water Act.

2. Regional Cooperation 

Water quality and quantity for the Potomac River basin is assessed from a watershed perspective, which is not limited by political jurisdictions.  The ICPRB provides coordination between agencies in different jurisdictions and between different government agencies.

Coordinating intergovernmental issues requires balancing both horizontal and vertical dimensions.  For local governments, region and horizontal integration cover the same issues. Integrating vertical dimensions of local-state-federal relationships is more challenging.  The ICPRB built a cooperative model among different levels of government.  The basis of this cooperation included: political pressure for alternative solutions; cost-savings; and power- and cost-sharing agreements among the different states.
3.Institutional Arrangement and Operation

As the first interstate commission for the watershed, ICPRB’s function was more similar to a research center than a power center.  Although the ICPRB has limited power, it provides technical services to all of the jurisdictions in the whole basin and brings parties together on a routine basis for water quality and quantity issues.

Building consensus between different stakeholders and encouraging watershed level and alternative solutions to problems has been the ICPRB’s major contribution to the management of the Potomac River.

6.3 RECOMMENDATIONS FOR CONTINUED MANAGEMENT OF THE POTOMAC RIVER 
Solutions offered in the area of water resource conservation fall broadly into three categories: administrative measures, standard, and land-use controls.  Technical responses include optimization of available information, modeling, and water treatment (Cook, 1993) and result in policy development for land-use change, targeting, and zoning.

From this, the challenge in using the “Total Watershed Management” approach in watershed planning and management is how to best address the complexity of a system that is continually changing state of confusion, conflict, or, on occasion, chaos (Louck, D. P., 1999).
There are three major areas that needed to be improved for future management of the Potomac River.

· Coordinating water quality and water quantity

· Coordinating water, land, and ecosystem

· Coordinating stakeholders

Scientific and technical information is essential for developing solutions to environmental problems, but information alone can’t resolve all of the problems.  The field of watershed management is a rapidly evolving area in which the participants are recognizing that sound tools for managing people and institutions are just as important as the tools for managing the technical aspects of problems.  New challenges are more complex and certainly more social and institutional.
The conflicts and lawsuits between Virginia and Maryland are complicated, but the case study illustrates that technology improvements could not guarantee long-term cooperation between the stakeholders. 

Professionals and government agencies can’t do the entire job by themselves.  Watershed planning today requires the contributions of all impacted stakeholders that have any interest in the resources of the watershed.  To enhance sustainability, everyone impacted by decisions regarding how land and water are managed should be included in the decision making process (Louck, D. P., 1999).
Local and regional coordination requires new thinking about working together in a regional area.  The whole basin needs to answer the following questions, otherwise, any additional water diversions will create a new “Water Conflict”: 

How much water can be diverted from the Potomac River ? 

Who has priority to use limited water in the River?

Who needs to put in more effort to influence the future development, which will affect water quality and water quantity? Who has the right to stop urban sprawl? 

Who got the benefits form the development? What are the environmental costs associated with the development? 

Federal, state, regional, and local governments need to recognize that many diverse interests and stakeholders have legitimate concerns for water management and should be involved in the decision-making process.  All levels of government should expand opportunities for participation, collaboration, and partnerships in the development and implementation of water management programs. 

By working together and building on past experiences and successes, government officials, water users and managers, and stakeholders can reduce negative influences and competition for scarce resources.

6.3.1 Bottom-up and Integrated Planning Processes 

Bottom-up and integrated planning processes are particularly important when implementing various activities  because the interested parties span a broad political spectrum.  Managers must recognize that social issues are just as important as technical issues.  Often technical solutions cannot be initially implemented because of barriers from people or institutions (Sommarstrom, 1996).
New planning processes should be adapted in the ICPRB.  In the past, the environmental policy power structure has been  top-down and has taken an autocratic approach.  Water authority has dominated power to make decesion.  This planning process, however, has been fundamentally  changed to an interactive and collaborative model for some river basins, which can serve as models for planning on the Potomac River and in Taiwan (Figure 6.1).
Although citizen participation was mandated in federal acts (such as NEPA of 1969), it was not until recently that new approaches (such as, consensus building and ecosystem management), at least in theory, began to acknowledge the importance of social processes and cultural values in environmental planning.  Increasingly, the rational scientific model is being challenged by the notion of environmental planning as a process.  Environmental planning is used to collectively, and interactively, address and workout solutions to environmental problems, set boundaries around the resulting action, and “manage” environmental change (Healy, 1993: 240).
The discourse of social processes in planning substantiates and legitimates a number of planning approaches.  In transactive planning, Friedmann (1973) sees planning not as an operation separated from other forms of social action, but rather as a process embedded in continued evolution of ideas validated through action.  Transactive planning places emphasis on personal and organizational development, not just achieving functional goals (Hudson, 1979: 389).  In Planning in the Face of Power, Forester (1989) shows that planners simultaneously play negotiation and mediation roles in local land use conflicts.  In particular, he argues, “if planners understand how relations of power shape the planning process, they can improve the quality of their analysis and empower citizen and community action” (Forester, 1989: 27).  The recognition of the procedural aspect and processes of planning opens up a new realm for planning practice.  Planning in the Face of Power allows planning to recognize the complex socio-political processes in which policy and planning decisions are made.

In the 1990s, communicative action theory emerged as a prevalent discourse in addressing the complex socio-political process in planning (see Healey, 1997; Innes, 1995; Mandelbaum, 1996).  The communicative action approach is also found under the rubrics of consensus building, group process and collaborative planning and has been increasingly used to resolve regional conflicts over issues of economic development and environmental conservation (Hou. J, 2001).
Planning theorists have also increasingly recognized the linkages and interconnection among different models of planning.  Innes and Booher (2000) identify four main planning models that are simultaneously used in many, if not most, controversial or complex policy problems in the United States.  These include the technical/bureaucratic approach, political influence/pork barrel model, social movement model, and collaborative model.  Each model responds to a different degree to the diversity and interdependence among interests (Innes and Booher, 2000).  “These planning models each have different strengths, beyond their differential ability to deal with diversity and interdependence, and each works in a different way in practice.  Each tends to be useful at a different phase of a policy-making effort.  All the models may be at work simultaneously, sometimes in competing ways in a particular setting” (Innes and Booher, 2000b).
The framework of the linkages among social, intellectual and political components also appears in the discourse of public policy.  Kingdon (1995) identifies three separate streams of actions that characterize the process of policy formation‑problem stream, policy stream and politics streams.  Within the three streams a problem is identified, a solution is developed from the policy community, and political change signals the opportunity for a policy change (Kingdon, 1995: 165).  Kingdon argues that the probability of an item rising on the decision agenda is dramatically increased if all three streams‑problem, policies, and politics‑are joined (Kingdon, 1995: 177).  Kingdon also observes that “the separate streams come together at a critical time,” constituting what he calls a “policy window” (Kingdon, 1995: 165).  A “policy window” refers to an opportunity for advocates of a proposal to push for their pet solutions or bring attention to their special problems (Kingdon, 1995: 165).  According to Kingdon, “A [policy] window opens because of change in the political stream or it opens because a new problem captures the attention of government officials and those close to them” (Kingdon, 1995: 168).  As Kingdon states, “Policy entrepreneurs play a major part in the coupling at the open policy window, attaching solutions to problems, overcoming the constraints by drafting proposals and taking advantage of politically propitious events” (Kingdon, 1995: 165-166).  Solutions are coupled with problems, proposals are linked with political exigencies, and alternatives are introduced when the agenda changes.  Solutions are constantly adapted to the changing mosaic of problems and politics (Kingdon, 1995: 173).  Another key to determining which outcome will be obtained is the amount of resources committed (Kingdon, 1995: 177).  Kingdon states, “The more the participants are willing to commit their resources, the more problems can be resolved and the more alternatives can be dispatched” (Kingdon, 1995: 177).  The involvement of all key stakeholders makes solutions more systemic, and more likely to last longer. Partnerships can serve as a key remedy to the growing mismatch between environmental problems and the processes for achieving environmental protection.  Partnerships can provide value by generating better ecological strategies and lowering the likelihood of disputes among participants (Long, F.J. and Arnold, M. B., 1995).
There are numerous conceptual models that address stakeholder involvement and the building of partnership.Trust between stakeholders, which the council enforces and works on continuously, is the most critical component in ensuring that all parties feel welcome and a part of the group.  Monthly meetings help build rapport and trust by bringing people together and letting them get to know each other personally.  As people learn more about each other, they trust each other more and recognize the needs of other people and other agencies as important as their own needs. The group then becomes motivated to develop “win-win“ solutions in which multiple stakeholders benefit (U.S. EPA, 1997).
The Shared Dimension of Partnership Model is one of the models that can be used to help stakeholders build trust and relationships.  The first step is to integrate the values, goals, visions, and operations of different organizations.  According to Anderson Consulting, [image: image13.png]


the Shared Dimension of Partnership Model (Figure6.2) is an on-going integration process that not only exists in the beginning, but also through all of the steps of the process.

Another model, the partnership life cycle model (PLC) (Long, F.J. and Arnold, M.B., 1995) provides a different model to built partnerships.  The partnership life cycle model requires three factors‑people, goals, and capacity building‑in three different phases to build a successful environmental partnership (Table 6.1).
Table 6.1 The Partnership Life Cycle Model

	
	Initiation
	Execution
	Closure

	People
	Include all critical stakeholders
	Respect players’ needs and interests
	Share success and credit

	Goals
	Define a viable and inspirational vision
	Steward based on process learning and new science
	Evaluate results against goals and alternatives

	capacity building
	Invest in relationships needed for long-term success
	translate knowledge into signs of progress
	Sustain progress by institutionalizing arrangements


The PLC model emphasizes three essential factors that contributed to a successful partnership:

1. People: People are the single most important determinants of the partnership’s success and they champion, coordinate, and sell the environmental partnership.

2.Goals: Visions for environmental quality and resource conservation are the driving force for partnerships.  This vision must be effectively translated into strategies and tactics if the participants are to accomplish their shared goals.

3.Capacity building: Partnerships must build the capacity to convert agreements into tangible and sustainable improvements in environmental quality.  Capacity building involves gaining access to resources, engaging non-participant decision makers, and creating mechanisms or institutional abilities to sustain whatever is accomplished.

 In the PLC model more emphasis is placed on building social capacity (TK do you mean social capital?), like leadership, trust, respect, and communication within the partnerships.  Investing in relationships and developing mutual respect are two important factors in maintaining a long-term partnership.  People develop a sense of respect for each other when they learn that others have valuable expertise and when they feel that others are flexible and reasonable in discussions.  Respect cannot be forced, yet facilitators can create situations that foster mutual respect.  Another important indicator of a shared vision is the development of common terms and expressions, which are understood by all participants in a project (Long, F.J. and Arnold, M. B., 1995).
Conflict among stakeholders has to be resolved through  dialogue and compromise. Somehow all stakeholders must feel that their concerns and desires are being considered and that they are part of an equitable decision making process.  Watershed planning is not simply the application and implementation of science (Louck, D. P., 1999).
6.3.2 Land -Water Policy

The Washington D.C. region has dramatically expanded in population and geographic area over the past few decades.  Urbanization is one of the major factors adversely impacting Potomac River.  According to the Maryland Department of Natural Resources and the U.S. Environmental Protection Agency, “Current patterns of urbanization have caused significant impacts to Maryland’s streams.” (From the mountains to the Sea: The State of Maryland’s Freshwater Streams, 2001)  The study notes that the most significant impact on streams is the loss of biological diversity, often as a result of the loss of high-quality habitat. The portion of the Potomac River that encompasses Metropolitan Washington DC has been named one of the most heavily impacted freshwater systems by urbanization (ICPRB, 2000).
The dispute over the Fairfax County water intake is evidence of a lack coordination of water quality vs. water quantity and land-use and water policy. 

A close relationship between population, land-use, and water demand is obvious.  Where there is growth in residential populations, job centers, and industry, there is an associated increase in water demand.  Growth management potential can reduce water demand in three ways. Growth controls, which limit regional population, could minimize the number of new households and employees using water.  Development controls, which concentrate houses and commercial development on small lots, may reduce intensive watering of lawns and gardens typically of single-family residential development.  Economic development strategies, which discourage the introduction of water-intensive industrial or commercial ventures, may also reduce water use. 

One option for balancing water demand and supply in the future is to limit development to that which can be served by the water supply available within the region.  This approach limits growth to the natural carrying capacity of the area.  The availability of adequate water could restrict new development regardless of zoning or other property rights. 

Alternatively, municipalities within a region may decide to limit growth by land-use planning and regulations to reduce the future demand for water.  There are extreme pendulum swings between government policies that favor controlling growth and policies that promote maximum growth.

Maryland has historically offered a more agreeable climate than Virginia for setting limits and instituting controls.  Montgomery County has an adequate public facilities ordinance, a greenbelt area, and a transferable development right system, which all limit urban sprawl.  An adequate facilities ordinance allows new development only if adequate public facilities are available or are included in the planed development.  Transferable development rights allow a landowner to sell the development rights to his or her land separately from the land itself and requires a developer to own the required number of development rights before he can build a new development. 
Virginia, both in its political bodies and its courts, provides a more difficult climate for land-use controls.  There is historic precedence  for supporting property rights over regulation, and the development industry is a powerful political force at the local and state level.  Moreover, the local jurisdictions are politically weak, with the state reserving most power to itself.  Counties must be granted special enabling legislation from the state to implement many of the land-use controls that would be decided locally in other states.

Nevertheless, several jurisdictions in the region are currently making efforts to restrain development.  For example, Prince William County has rezoned a portion of the county and is now going to court to defend this action against lawsuits from developers and landowners.  Loudoun County, the fast growing jurisdiction in the Washington area, has recently amended its comprehensive plan to eliminate 100,000 residences and the associated commercial development.

CHAPTER 7

LESSONS FROM THE POTOMAC RIVER APPLICABLE TO TAIWAN

There are many similarities in issues facing the Potomac River and Taiwan in water resources planning and management.  In addition to physical similarities in the uneven temporal distribution of rainfall and the availability of water, it has also become increasingly difficult in both the Potomac case and Taiwan to develop new supplies and surface storage facilities.  The forces of population growth, urbanization, and increased water demand for residential, industry, and agriculture use increases the amount of water demanded from the existing supply.  As a result of competing demands for water between sectors, different jurisdictions, governments, NGO’s, and the private sectors water resource managers in Taiwan and the Potomac River Basin are faced with a host of problems.  Taiwan’s watersheds face the same kind of problems from pollution, water shortage, and public concern, which the Potomac River watershed faced 30 years ago. 

There are also important differences between the Potomac River and Taiwan.  Faced with environmental, social, and economic concerns, agencies in the Potomac River watershed and Taiwan have increasingly had to address multiple and interrelated issues and produce multiple and hybrid solutions.  However, while agencies in Potomac River watershed have begun to engage in collaborative efforts to address problems, the planning and management agencies in Taiwan remain highly compartmentalized.  In the Potomac River watershed, a diverse range of tools, such as drought management, pricing, BMPs, and constructed wetland, have allowed local and regional agencies to manage demand and acquire alternative supplies.  In Taiwan, political and institutional obstacles have prevented the adoption of innovative approaches.  In the Potomac River case, legal and regulatory frameworks provide a strong basis for water resources planning and management.  In Taiwan, the laws are outdated and the regulations have not been rigorously enforced.  In Potomac River example, the majority of the water diverted is used for urban consumption.  In Taiwan, most of the water is used for agriculture, however, the growing demand from the industrial sector has put tremendous pressure on the water supply.

Comparing to Potomac River to rivers in Taiwan, the dissolved and bedloads in Taiwanese rivers are extremely heavy, not only in sediment or nutrients from urban and agriculture runoff but also from heavy chemical pollutants from industry.  The water shortage is more severe in southern Taiwan.  These differences must be acknowledged if we try to apply the Potomac River Model of watershed management to Taiwanese water problems.  Also, temporal aspects need to be included in the learning process.

The Potomac River has benefited from vast investment in wastewater treatment plants and funded research projects to develop innovative solutions to environmental problems, which are hard to transfer to other river basins.  But, there are some major lessons from the Potomac River case study that can be applied to Taiwan’s emerging watershed management programs.

7.1 Changing the Paradigm

· From Structural Approaches to Non-structural Approaches
In the past, the dominated philosophy in Taiwan’s engineering society has been the structural approach (dams, levees, et cetera) and supply-side water policies.  These are the dominated philosophies  in Taiwan’s water policy.  Taiwan’s water expertise, engineer society, as well as the whole society, need to increase the understanding and knowledge on the pro-environmental and effective solution for water management. Taiwanese water managers need to use economic and other incentives, wherever feasible, to achieve water management objectives and increase awareness and improve public dialogue on water issues.

· From Water Development to Water Conservation

During the latter half of the 1970s, water resource management in the Washington Metropolitan Area abandoned traditional planning approaches to meet unrestricted water supply demand , and adopted environmental friendly approaches to manage for periods of shortage. 
· Balancing Environmental, Economic and Social Values and Identifying and Making Tradeoffs Between Ecology and Other Benefits.

The Potomac River was converted from an open sewer to the nation’s role model through  watershed management supported by enormous intellectual and capital efforts.  A concerted effort is needed to make the nation of Taiwan‑its citizens and governmental leaders‑aware of the importance of water resources, problems, and needs, and to improve the general public’s understanding of the relationship between human activities and the degradation of water resources. 

7.2 Watershed-Based Approach

By managing the entire watershed, which includes drainage areas of tributaries, soils, vegetation, animals, land-use, and human activities, policy makers can find long-term solutions to many natural-resource problems.  Watershed-scale management can be difficult because it requires cooperation and information sharing across jurisdictions and agencies.  It does, however, address diverse resource management problems in an integrated way by drawing together concepts from the physical, biological, social, and economic sciences.

Effectively integrating management of water quality into the larger context of water resource management requires robust new policies in several areas.  Chiefly among these are:

· A strong commitment to pollution prevention

· A requirement for the utilization of the best available technologies in the treatment of drinking and waste water
· A new definition of beneficial use that addresses tomorrow’s environmental, social, and economic conditions, and a restatement of water use priorities

· A Pricing structure that reflects the full cost of delivering water for a particular use or user, including the cost of treatment
· Adherence to the ideas of “sustainable development,” with special emphasis on conservation, reuse, cooperation with nature, and the health of aquatic ecosystems 
(Hall, 1998).
The first step is building  nation-wide sewage systems and water treatment plants, which will cost trillions of dollars.  Form the Potomac River case study, money and research were two key elements in  improving water quality and quantity.  Funds or grants should be available to regional and local organizations for research, planning, implementation, and ongoing evaluation of watershed initiatives.

In Taiwan, most of the limited funds are being spent on the collection of unnecessary and unscientific data to support infrastructure projects.  Only a small portion of the funds are being spent on building solid databases or on integrated research projects, which would develop solutions to the environmental problems facing Taiwan’s rivers.  

7.3 Scientific-Based Approaches
· National and local governments and different agencies should develop a nationwide river and water-related database that would contain hydrological, geomorphological, ecological, social, and economic information, which should be organized by watershed size.  This database should be Web-based and available to local watershed managers, researchers, and NGOs.

·  The scientific and engineering communities should develop a better understanding of Taiwan’s rivers and integrated water quality and quantity issues.  Also, they need to develop  user-friendly computer systems and models to help decision-makers understand and evaluate alternative management approaches at the watershed scale.

7.4  Institutional Rearrangement
Institutions are the embodiment of values in regularized patterns of behavior.  The institutions and organizations that supply and distribute water resources reflect a society’s values towards equality, freedom, and justice ( Priscoli, 1989).  River basin management will inevitably be delivered through Taiwan’s institutional structure.

There is a need for improved coordination and collaboration among government and agencies engaged in water management.  Similar to the U.S. government and water agencies in the United States, Taiwan’s water related agencies and governmental regulating bodies are deficient in a structure for coordinating water resource planning and management.  Many water management authorities, programs, and responsibilities are split among, or duplicated by, a number of federal, state, regional, and local governmental agencies.  This fragmentation and duplication often results in inconsistent policy and implementation that reduces the efficiency and effectiveness of governmental watershed management.

Despite the overall shortage of water in Taiwan, especially in the south, there are few ways to increase the efficient use of water.  Taiwan should develop instruments (either through regulation or economic incentives) and related institutional structures for reallocating water between sectors and for internalizing the externalities that arise when one user affects the quantity and quality of water of another group (i.e., from agriculture use to industrial use).
A broad-based intergovernmental regional coordinating institution for water and related natural and environmental resource management should be created in Taiwan’s government structure.

7.5 Manage Water Resources for Long-Term Goals 

Water managers responsible for the Potomac River set low flow requirements to maintain  the function of all aquatic ecosystems and instream water uses for fish, wildlife, and wetlands protection.

In Taiwan, many competing demands, such as for drinking water, agriculture, industry, and recreation, are made on water resources that only an integrated approach will provide effective stewardship of Taiwan’s water resources.  The overriding goal of water management should be the sustainability of water uses for the long term, based on the human and environmental objectives of the region and consistent with the reasonable availability of the water resource.  The principles of pollution prevention and resource conservation should be integrated into sustainable development strategies. 

Progress in all of the arenas might require legislative mandates and political and public support.  The long-term success depends upon consistent political leadership and strong public support.  Ultimately, it is the public, through their judgment of the value and effectiveness of the policy, who will determine the extent and nature of continued efforts.
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Appendix A

Compact creating the

Interstate Commission on the Potomac River Basin

This document is an electronic version of the language the U. S. Congress used in adopting the 1970 amendment for the Compact creating the Interstate Commission on the Potomac River Basin.

Any discrepancy or difference in language is not intended. If there is a discrepancy the language in the official records of the United States Congress will prevail.

Public Law 91-407   91st Congress, S. J. Res.67     September 25, 1970

Joint Resolution  84 STAT. 856

Granting the consent of the Congress to the States of Maryland and West Virginia and the Commonwealths of Virginia and Pennsylvania and the District of Columbia, as signatory bodies, for certain amendments to the compact creating the Potomac Valley Conservancy District and establishing the Interstate Commission on the Potomac River Basin.Whereas, by Public Resolution Numbered 93, Seventy-sixth Congress, third session, approved July 11, 1940 (54 Stat. 748),Congress granted consent to the States of Maryland and West Virginia and the Commonwealths of Virginia and Pennsylvaniaand the District of Columbia, hereinafter designated signatory bodies, to enter into a compact for the creation of a PotomacValley Conservancy District and the establishment of the Interstate Commission on the Potomac River Basin; and 33 USC 567b Whereas, all signatory bodies have entered into said compact; and Whereas, all the said signatory bodies have adopted identical proposed amendments to said compact, for which they seek the consent of Congress, by virtue of which amendments said compact will read as follows:

"COMPACT

"Whereas, it is recognized that abatement of existing pollution and the control of future pollution of interstate streams can bestbe promoted through a joint agency representing the several states located wholly or in part within the area drained by any such interstate stream; and "Whereas, the Congress of the United States has given its consent to the States of Maryland and West Virginia, theCommonwealths of Pennsylvania and Virginia, and the District of Columbia to enter into a compact providing for the creation of a conservancy district to consist of the drainage basin of the Potomac river and the main and tributary streams therein, for ‘the purpose of regulating, controlling, preventing, or otherwise rendering unobjectionable and harmless the pollution of the waters of said Potomac drainage area by sewage and industrial and other wastes’; and "Whereas, the regulation, control and prevention of pollution is directly affected by the quantities of water in said streams and the uses to which such water may be put, thereby requiring integration and coordination of the planning for the development and use of the water and associated land resources through cooperation with, and support and coordination of, the activities of Federal, State, local and private agencies, groups, and interests concerned with the development, utilization and conservation of the water and associated land resources of the said conservancy district:

"Now, therefore, the States of Maryland and West Virginia, the Commonwealths of Pennsylvania and Virginia, and the District of Columbia, hereinafter designated signatory bodies, do hereby create the Potomac Valley Conservancy District, hereinafter designated the Conservancy District, comprising all of the area drained by the Potomac River and its tributaries; and also, do hereby create, as an agency of each signatory body, the Interstate Commission on the Potomac River Basin, hereinafter designated the Commission, under the articles of organization as set forth below.

"Article I

"The Interstate Commission on the Potomac River Basin shall consist of three members from each signatory body and three members appointed by the President of the United States. Said Commissioners, other than those appointed by the President, shall be chosen in a manner and for the terms provided by law of the signatory body from which they are appointed and shall serve without compensation from the Commission but shall be paid by the Commission their actual expenses incurred and incident to the performance of their duties.

"(A). The Commission shall meet and organize within thirty days after the effective date of this compact, shall elect from its number a chairman and vice-chairman, shall adopt suitable bylaws, shall make, adopt and promulgate such rules and regulations as are necessary for its management and control, and shall adopt a seal.

"(B). The Commission shall appoint and, at its pleasure, remove or discharge such officers and legal, engineering, clerical, expert and other assistants as may be required to carry the provisions of this compact into effect, and shall determine their qualifications and fix their duties and compensation. Such personnel as may be employed shall be employed without regard to any civil service or other similar requirements for employees of any of the signatory bodies. The Commission may maintain one or more offices for the transaction of its business and may meet at any time or place within the area of the signatory bodies.

"(C). The Commission shall keep accurate accounts of all receipts and disbursements and shall make an annual report thereof and shall in such report set forth in detail the operations and transactions conducted by it pursuant to this compact. The Commission, however, shall not incur any obligations for administrative or other expenses prior to the making of appropriations

adequate to meet the same nor shall it in any way pledge the credit of any of the signatory bodies. Each of the signatory bodies

reserves the right to make at any time an examination and audit of the accounts of the Commission.

"(D). A quorum of the Commission shall, for the transaction of business, the exercise of any powers, or the performance of any duties, consist of at least six members of the Commission who shall represent at least a majority of the signatory bodies : Provided, however, That no action of the Commission relating to policy or stream classification or standards shall be binding on any one of the signatory bodies unless at least two of the Commissioners from such signatory body shall vote in favor thereof.

"Article II

"The Commission shall have the power:

"(A). To collect, analyze, interpret, coordinate, tabulate, summarize and distribute technical and other data relative to, and to conduct studies, sponsor research and prepare reports on, pollution and other water problems of the Conservancy District.

"(B). To cooperate with the legislative and administrative agencies of the signatory bodies, or the equivalent thereof, and with other commissions and Federal, local governmental and non-governmental agencies, organizations, groups and persons for the purpose of promoting uniform laws, rules or regulations for the abatement and control of pollution of streams and the utilization, conservation and development of the water and associated land resources in the said Conservancy District.

"(C). To disseminate to the public information in relation to stream pollution problems and the utilization, conservation and development of the water and associated land resources of the Conservancy District and on the aims, views, purposes and recommendations of the Commission in relation thereto.

"(D). To cooperate with, assist, and provide liaison for and among, public and non-public agencies and organizations

concerned with pollution and other water problems in the formulation and coordination of plans, programs and other activities relating to stream pollution or to the utilization, conservation or development of water or associated land resources, and to sponsor cooperative action in connection with the foregoing.

"(E). In its discretion and at any time during or after the formulation thereof, to review and to comment upon any plan or program of any public or private agency or organization relating to stream pollution or the utilization, conservation or development of water or associated land resources.

"(F) (1). To make, and, if needful from time to time, revise and recommend to the signatory bodies, reasonable minimum standards for the treatment of sewage and industrial or other wastes now discharged or to be discharged in the future to the streams of the Conservancy District, and also for cleanliness of the various streams in the Conservancy District.

"(2). To establish reasonable physical, chemical and bacteriological standards of water quality satisfactory for various

classifications of use. It is agreed that each of the signatory bodies through appropriate agencies will prepare a classification of

its interstate waters in the District in entirety or by portions according to present and proposed highest use, and for this purpose technical experts employed by appropriate state water pollution control agencies are authorized to confer on questions relating to classification of interstate waters affecting two or more states. Each signatory body agrees to submit its classification of its interstate waters to the Commission with its recommendations thereon.

"The Commission shall review such classification and recommendations and accept or return the same with its comments. In the event of return, the signatory body will consider the comments of the Commission and resubmit the classification proposal, with or without amendment, with any additional comments for further action by the Commission.

"It is agreed that after acceptance of such classification, the signatory body through its appropriate state water pollution control agencies will work to establish programs of treatment of sewage and industrial wastes which will meet or exceed standards established by the Commission for classified waters. The Commission may from time to time make such changes in definitions of classifications and in standards as may be required by changed conditions or as may be necessary for uniformity and in a manner similar to that in which these standards and classifications were originally established.

"It is recognized, owing to such variable factors as location, size, character and flow and the many varied uses of the waters subject to the terms of this compact, that no single standard of sewage and waste treatment and no single standard of quality of receiving waters is practical and that the degree of treatment of sewage and industrial wastes should take into account the classification of the receiving waters according to present and proposed highest use, such as for drinking water supply, bathing and other recreational purposes, maintenance and propagation of fish life, industrial and agricultural uses, navigation and disposal of wastes.

"Article III

"For the purpose of dealing with the problems of pollution and of water and associated land resources in specific areas which directly affect two or more, but not all, signatory bodies, the Commission may establish Sections of the Commission consisting of the Commissioners from such affected signatory bodies: Provided, however, That no signatory body may be excluded from any Section in which it wishes to participate. The Commissioners appointed by the President of the United States may participate in any Section. The Commission shall designate, and from time to time may change, the geographical area with respect to which each Section shall function. Each Section shall, to such extent as the Commission may from time to time authorize, have authority to exercise and perform with respect to its designated geographical area any power or function vested in the Commission, and in addition may exercise such other powers and perform such functions as may be vested in such Section by the laws of any signatory body or by the laws of the United States. The exercise or performance by a Section of any power or function vested in the Commission may be financed by the Commission, but the exercise or performance of powers or functions vested solely in a Section shall be financed through funds provided in advance by the bodies, including the United States, participating in such Section.

"Article IV

"The moneys necessary to finance the Commission in the administration of its business in the Conservancy District shall be provided through appropriations from the signatory bodies and the United States, in the manner prescribed by the laws of the several signatory bodies and of the United States, and in amounts as follows:

"The pro rata contributions shall be based on such factors as population; the amount of industrial and domestic pollution; and a flat service charge; as shall be determined from time to time by the Commission, subject, however, to the approval, ratification and appropriation of such contribution by the several signatory bodies.

"Article V

"Pursuant to the aims and purposes of this compact, the signatory bodies mutually agree:

"1. Faithful cooperation in the abatement of existing pollution and the prevention of future pollution in the streams of the Conservancy District and in planning for the utilization, conservation and development of the water and associated land resources thereof.

"2. The enactment of adequate and, insofar as is practicable, uniform legislation for the abatement and control of pollution and

control and use of such streams.

"3. The appropriation of biennial sums on the proportionate basis as set forth in Article IV.

"Article VI

"This compact shall become effective immediately after it shall have been ratified by the majority of the legislature of the States of Maryland and West Virginia, the Commonwealths of Pennsylvania and Virginia, and by the Commissioner of the District of Columbia, and approval by the Congress of the United States: Provided, however, That this compact shall not be effective as to any signatory body until ratified thereby.

"Article VII

"Any signatory body may, by legislative act, after one year's notice to the Commission, withdraw from this compact."

Now, therefore, be it Resolved by the Senate and House of Representatives of the United States of America in Congress assembled, That the consent of the Congress is hereby given to the States of Maryland and West Virginia and the Commonwealths of Virginia and Pennsylvania and the District of Columbia to adopt the aforementioned amendments and enter into the amended compact herein before recited and every part and article thereof: Provided, That nothing contained in such amended compact shall be construed as impairing or in any manner affecting any right or jurisdiction of the United States in and over the region which forms the subject of this compact: And provided further, That the consent herein given does not extend to section (F) (2) of article II of the amended compact.

Sec. 2. The Commissioner of the District of Columbia is authorized to enter into, on behalf of the District of Columbia, the amended compact hereinbefore recited. Sec. 3. The right to alter, amend, or repeal this joint resolution is hereby expressly reserved. 

Approved September 25, 1970

LEGISLATIVE HISTORY:

HOUSE REPORT        No. 91-1405 accompanying H. J. Res. 1179 (Comm. on Public Works)

SENATE REPORT       No. 91-1114 (Comm. on the Judiciary)

CONGRESSIONAL RECORD, Vol. 116 (1970):

Aug. 14, considered and passed Senate.

Sept. 14, considered and passed House, in lieu of H. J. Res. 1179.

Appendix B

Supply Coordination Agreements source : ICPRB
                 The Washington Metropolitan Region has taken several steps through the years toward coordinating allocation of water in times of drought: 

                 The 1978 Low Flow Allocation Agreement (LFAA) was signed by the states and by the major utilities, who recognized the need to maintain a minimum flow in the Potomac River that would be sufficient to sustain aquatic resources. The agreement established a set of stages for low river flow that would prompt action by the signatories to monitor and eventually restrict water withdrawals. It also established a formula for allocating Potomac River water during times of shortage. The LFAA's low-flow stages have never been triggered, and a subsequent agreement minimized the   possibility that they would ever be triggered.

    In 1982, the major water utilities and the Interstate Commission on the Potomac River Basin (ICPRB) signed the Water Supply Coordination  Agreement (WSCA). It required the major water suppliers to coordinate their operations during droughts in order to minimize the possibility of having to                    implement the restrictive stages of the LFAA. The actions of the water supply agencies are coordinated through a Drought-Related Operations Manual administered by ICPRB's Section for Cooperative Water Supply Operations on the Potomac (CO-OP). The major suppliers agreed to have CO-OP                    conduct a 20-year supply-demand study every five years. They further agreed to share the costs for supply augmentation facilities and subsequently constructed the Jennings Randolph and Little Seneca Reservoirs that serve to augment the region's water supply during droughts. 

                                     Emergency Agreements

          The 1979 Water Supply Emergency Agreement signed by COG, COG local governments, WSSC and FCWA were designed to implement the restrictive stages of the LFAA. It encourages signatories to adopt local ordinances that follow the specific conservation measures detailed in the accompanying Water Supply Emergency Plan and to implement these actions as coordinated by COG in the event of a water supply shortage. 

         The 1994 Water Supply Emergency Plan was developed in the wake of the region's 1993 boil-water order. The plan deals primarily with sudden, unexpected disruptions in water supply. It is conceived as a replacement for the emergency plan that accompanied the 1979 Water Supply Emergency Agreement, although it deals mainly with non-drought emergencies and only references existing drought management agreements and arrangements. 

Appendix C

  Brief History of the Potomac River

1600s:  In 1608, Captain John Smith describes the Potomac as "... frequented by otters, beavers, martens, and sables. Neither better fish, more plenty, nor more variety for small fish had any of us ever seen in a place." 

1700s:  Some of the Potomac's first shad and striped bass fisheries are established by George Washington. Active fisheries also include herring. 

1810  First sewer system in Washington constructed to convey wastes to nearest stream. 

1870  Washington area population was 75,000.  

1894  USPHS reported "... at certain times of the year the river is so loaded with sediments as to be unfit for bathing as well as for drinking and cooking purposes. It contains fecal bacilli at all times ..." 

1898  First biological survey of Potomac was conducted.

1905  USGS reports turbidity in the Potomac: "3000 ppm during floods, 15-20 during low flow, >1000 ppm 18 days/year, 300-1000 ppm 43 days/year, 50-300 ppm 123 days/year, <50 ppm 181 days/year." 

1914  District of Columbia (DC) sewer system carries wastes from 340,000 people to the Potomac. USPHS study of pollution in the Potomac finds river in "generally good condition" with "ample oxygen". 

1930  Washington Suburban Sanitary Commission (WSSC, Prince George's and Montgomery counties) connects its sewer system to DC's. 

1932  Untreated wastes from Metro area population of 575,000 into Potomac. Bacterial contamination forces closing river for swimming from Three Sisters Island to Fort Washington. Low DO levels between Geisboro Point and Fort Foote endanger fishery. 

1938  Blue Plains waste water treatment plant (WWTP) is completed, with a capacity of 130 million gallons per day (mgd) - primary treatment.

1940 Congress gives its consent to the states of Maryland (MD) and West Virginia (WV), the commonwealths of Pennsylvania (PA) and Virginia (VA), and the District of Columbia to enter into a Compact providing for the creation of the Interstate Commission on the Potomac River Basin (ICPRB) and the Potomac Valley Conservancy District.

1943   The Commission publishes its first report on the condition of basin waters.

1945   ICPRB adopts a pollution abatement program, and publishes the first edition of its News Letter.  Pennsylvania passes the nation's first law that puts limits on acid mine drainage pollution to streams.

1946   ICPRB defines a set of "Minimum Water Quality Criteria" by which means Potomac streams and waterways may be judged suitable or unsuitable for several principal water uses.  VA creates a State Water Control Board.  The PA State Chamber of Commerce forms a Stream Pollution Abatement Committee, and the state begins the planning phase of sewerage construction.  ICPRB completes an intensive survey of industrial pollution.

1947   MD's Water Pollution Control Commission is created.

1948   The Congress enacts the first Federal Water Pollution Control Act.  ICPRB initiates a continuous water-quality sampling program in the basin.  Industrial wastes have made the Shenandoah River below Front Royal a "biological desert."

1949 Conditions on the Shenandoah have "radically" improved since a year ago; credit is given ICPRB for its coordination with local authorities.  The WV Board of Health is created with responsibilities for sewage disposal.

1951   Low dissolved oxygen levels kill thousands of fish during the summer.  The Washington Post calls    the Potomac River "an open sewer."

1953   The Federal Water Pollution Control Act is extended.

1954   ICPRB issues a major report describing the polluted Washington area Potomac and publishes the results of a study it sponsored on North Branch industrial wastes.  The regional WWTP concept is instituted with the signing of an agreement between DC and the WSSC.

1955   Congress directs the Army Corps of Engineers (ACE) to study the North Branch.  WRC-TV (Washington, DC) telecasts the first installment of the "Our Beautiful Potomac" series, which reveals the Potomac's poor condition.

1956   Wastes from raw and partially treated sewage of Washington, DC's population is double that of 1932.  Federal legislation is passed that extends and strengthens the Water Pollution Control Act.  The new Alexandria, VA, WWTP goes into operation, and is heralded as "the only ... plant ever built in the Washington metropolitan area that has been adequate at the time of its completion..."  The Rock Creek Watershed Association is organized.  Under the auspices of the ICPRB, a group of citizens organizes the Citizens Council for a Clean Potomac.

1957   The U.S. Public Health Service declares the Potomac River unsafe for swimming.  The first Potomac Enforcement Conference is called.  ICPRB estimates that on the average, 60 million cubic feet of sediment is deposited annually within the metropolitan Washington reach  of the Potomac estuary.  The first National Water Quality Sampling Station is put into operation on the Potomac at Great Falls.

1958  The (1957-58) Potomac Federal Enforcement Conference sets goals, among them secondary treatment for Potomac treatment plants.   MD and VA sign the Potomac River Compact of 1958, and establish the Potomac River Fisheries Commission.  ICPRB is now gathering and tabulating information from about 85 stream sampling stations operated by cooperating agencies, municipalities and industries.

1959  ICPRB publishes its first "Potomac River Water Quality Network;" it holds a "first-of-its-kind" silt control conference and sponsors a study of sediment sources in the basin with US Geological Survey (USGS).   DC and Fairfax County, VA, sign an agreement for Blue Plains to treat a part of the county's wastes.  Secondary treatment is added at Blue Plains.

1960  The Metropolitan Washington Regional Sanitary Advisory Board is established.  Work begins on a plan to separate DC's combined sanitary and stormwater sewers.  The Upper Potomac River Commission treatment plant in Westernport, MD, begins operation; it is designed to clean up pollution in the North Branch Potomac.

1963  ICPRB issues two reports on sediment sources and an urban sediment control program.  The ACE publishes a comprehensive plan of development for the Potomac, which calls for 16 major dams.

1965  The governors of the basin states and the president of the DC Council establish a Potomac River Basin Advisory Committee to coordinate views on matters affecting the watershed.  The Water Quality Act of 1965 passes, establishing a Federal Water Pollution Control Agency and requiring water quality standards.  President Lyndon B. Johnson labels the Potomac "a national disgrace," and sets 1975 cleanup goals.  Efforts are initiated to preserve Mason Neck.

1966  The Federal Inter-Departmental Task Force on the Potomac issues its report to the President.  It proposes the Potomac National River and makes recommendations.  The Clean Water Restoration Act passes, increasing grants for research, state programs, and construction of WWTPs.  VA undertakes the task of defining its river basins and planning water resource development and management.  PA begins long-range sewerage planning.

1968  Chlorination of the Washington area WWTP effluent begins.  DC engages a firm to study Blue Plains development.  The ACE issues a new report: six (instead of 16) major reservoirs are proposed.

1969  The earlier Enforcement Conference goals have not been met: the river is described as "a severe threat to the health of anyone coming into contact with it."  A new Enforcement Conference is called, mandating the degree of treatment, capacity for growth, and regional commitments.  The Mason Neck Wildlife Refuge is established.

1970  ICPRB's Compact is amended, extending its authority to include water supply and water-related land use.  DC passes erosion control legislation.  MD enacts a sediment control law, installs the Maryland Environmental Service, creates the Wetlands Act of 1970, and imposes a ban on sewer extensions affecting the five drainage basins under the jurisdiction of the WSSC.   VA sets up a state construction grant program, imposes a moratorium on new sewer hookups in Fairfax County, and approves a Potomac-Shenandoah water resources plan.   Metropolitan Washington local jurisdictions sign a Memorandum of Understanding, agreeing to expand Blue Plains to 309 mgd and allocating additional capacity and local share of costs.  The US Environmental Protection Agency (EPA) is established.

1972  The Federal Water Pollution Control Act Amendments (Clean Water Act, or CWA) are passed by Congress, establishing a national goal of "swimmable-fishable" waters.  PA passes a sediment control law.

1973  VA's Erosion and Sediment Control Law is passed.

1974  A Blue Plains agreement allocates flows and sludge disposal responsibilities; a trial program of phosphorus removal begins.

1975  Congress authorizes a five-year study of the Chesapeake Bay.

1976  Pleasure boaters rediscover the Potomac; largemouth bass reappear in Washington, DC.  There is a noticeable lack of blue-green algae mats that had covered the upper estuary a decade earlier.

1977  The Federal Surface Mining Control & Reclamation Act is passed.  Blue Plains advanced secondary treatment expansion is operational.  Mercury is discovered in sediments and fish in the Shenandoah River.   CWA is revised to strengthen control on toxic pollutants and to allow states to assume more regulatory responsibilities.

1978  The first annual Potomac Raft Race is held.   A full-time fishing guide begins working the Potomac.  The USGS begins annual submerged aquatic vegetation surveys.  The Low Flow Allocation Agreement is signed by ACE, MD, VA, DC, WSSC, and Fairfax County; it is the first significant example of multi-level co-operation for water resource management in the Washington area.

1980  Secondary treatment is achieved at all local WWTPs.  Some fish are caught below Keyser, WV, indicating improving conditions on the North Branch.  A Shad fishing ban is initiated.

1981  Approximately 100,000 persons attend "The Awakening," a week-long event celebrating a cleaner, fishable Potomac on the Mall.  The first Potomac River festival in DC is held.   MWCOG recommends phosphate detergent bans.

1982  The Potomac River Basin Consortium is established.  SAV begins to return to the tidal Potomac.  Striped bass fishing restrictions are initiated.  Small beds of hydrilla are discovered in the upper tidal river.

1983 The EPA Chesapeake Bay Study is completed.   A Chesapeake Bay Agreement is signed.  

1984 1984  Northern Virginia WWTPs voluntarily impose a phosphorus limit.  The Blue Plains feasibility Study recommends the expansion of Blue Plains.  MD and DC sign the Anacostia Watershed Restoration Strategy Agreement.  A metro Washington regional sludge disposal agreement is reached.  MWCOG organizes first coordinated Anacostia watershed monitoring program.  DC organizes its first fisheries management program.   VA passes a dechlorination initiative.

1985  MD initiates a phosphate ban and a striped bass moratorium.

1986  All major WWTPs in the metro Washington area have achieved phosphorus removal.  DC initiates a phosphate detergent ban.   SAV distribution is now 3,600 acres.  Mechanical harvesting of hydrilla is initiated.  Avtex on the Shenandoah River is listed as an EPA Superfund site.

1987  The Clean Water Act is revised.  The second Chesapeake Bay Agreement is signed.  Anacostia Watershed Restoration Committee (AWRC), consisting of DC, MD, Montgomery, MD and Prince Georges, MD, Counties, and the ACE, is formed.  A cooperative agreement to develop a plan for acid mine drainage abatement is signed by WV and MD.  A basin-wide phosphate detergent ban is recommended by ICPRB.  DC fishing regulations are put into effect.  Maryland declares Savage River a Trophy Trout Stream.

1988  Blue Plains starts removing chlorine.  A survey finds 78 species of fish in the metro Washington Potomac.  VA initiates a phosphate ban.  The [second] Anacostia Watershed Restoration Agreement is signed.   The First Maryland International Canoe/Kayak Classic is held on Savage River.   DC issues fishing licenses.  The DC swirl concentrator is dedicated on the Anacostia.

1989  MD finds dioxin in North Branch fish.   Potomac region has complete striper moratorium.  PCBs are found in Shenandoah fish.  PCBs and chlordane are found in DC fish.  Canoe/Kayak World Championships are held on Savage River.

1991  AWRC adopts Six-Point Action Plan for the restoration of the Anacostia River.

1992  is declared by President Bush as the "Year of Clean Water".  Chesapeake Bay Program sets nutrient reduction goals for Potomac and other bay tributaries.

1993  Oil pipeline ruptured and spilled over 400,000 gallons of diesel fuel into Sugarland Run, a Northern Virginia tributary to the Potomac.  Anacostia River designated by American Rivers as fourth most endangered river in North America.  Chesapeake Bay Program designates Anacostia as "Region of Concern" for chemical contaminants.  USGS conducted Potomac basin-wide sampling for chemical contaminants as part of National Water Quality Assessment (NAWQA) program.  MD, WV and ICPRB sign cooperative agreement on program to restore water quality to the North Branch.

1995  Survey by USGS  reveals that SAV have grown in some areas of the Potomac and declined in others.

1996  ACE, MD, and WV begin study to evaluate measures for restoring North Branch.  DC issues its Anacostia River Toxics Management Action Plan.

1997  The Potomac Headwaters Land Treatment Watershed Project is initiated, providing WV farmers with federal and state funds for implementation of water quality protection measures.

1998 Federal Clean Water Action Plan is initiated, emphasizing a watershed approach to restoring the nations waters.   MD passes Water Quality Improvement Act to address the problem of nutrient pollution.  Potomac River is selected as an American Heritage River.        Source:ICPRB
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Education

· The Johns Hopkins University, MA, Dept. of Geography and Environmental Engineering,  September 2001

· The National Politics University in Taiwan, BA, Dept. of Chinese, 1989  

 Professional Experience

Consult to environmental NGOs ( 1999~present)

· Director of international Affair,  Candidate of Executive Director 

The Wilderness Society of Taiwan”( Taiwan’s Environmental Group with more than 6,000 members, thousands of volunteers and a full-time staff of 20); 2001~present 

· Consultant to Environmental Quality Foundation of Taiwan, Taipei,  2000~2001    

Environmental writer (1989~1999)

· Quality of Life Editor and senior Reporter on Environmental Issues,  1992~1999, CommonWealth Magazine (Taiwan’s Leading Magazine with circulation over 100,000 )

· Environment and Society Editor, China Times Express (Taiwan’s biggest Newspaper with circulation over 1,000,000)

·  Editor, Humanism  Magazine, 1989-1990

Professional Training 

Courses in the Johns Hopkins University 

 Environmental field: Specialization in water policy and watershed management

Geomorphology, Water Resource Development, Ecology, Treatment Wetlands, Natural Resource & Society & Environment; Global Environmental politics, California River (U.C. Berkeley), Potomac River and Chesapeake Bay Research, Nature of Environment

Urban and region development: Specialization in the interrelationship among economy, environment and equality 

Cities and Capitalism, Economic Development Policy: Cities, Regions and Globalization, The Global Economy, Environmental System: Urban Sprawl and Smart Growth

Research Papers 

· Science, Values and the Anti-Dam Movement in the U.S. and Taiwan,  Nov. 1999,  (Supervisor: Dr. M. Gordon Wolman)

· Regional Advantage or Regional Crisis --Silicon Valley and Sustainable Development.  2000, Feb..  (Supervisor: Dr. Maryann Feldman)

· Beyond the Boundary—Conflict and Cooperation along the Watershed,  May 2000, ( Supervisor: Dr. Erica J. Schoenberger)

· Hydrology Concern and Design Principles in Constructed Wetland,  June 2000, (Supervisor: Dr. T.M. Werner  )

International Experience

 Research and Interview 

· Areas include Taiwan, U.S., Hong Kong, France, Japan, China.

· Organizations include OECD environmental Department, the President’s Council on Sustainable Development, the World Bank, Association of Bay Area Governments, National Association of Regional Councils, World Watch Institute, American Bird Conservancy, International River Network, California EPA, EPA, World Wildlife Fund, Silicon Valley Toxic Coalition, Environmental Defense Funds. National Audubon Society, Nature Resource Defense Fund, Resource for the Future, etc.  

 Travel to  Canada, Australia, Portugal, Germany, Holland, Japan, Singapore, China,      Hong Kong, France, Spain, and U.K.

Selected Professional Meeting attended

· Global Water Crisis: Engineering the Solution, Nov.  2000, Washington

· State of the Estuary Conference, March 1999, San Francisco

· United Nation Conference on Sustainable Development, April 1998, N.Y.

Selected Lectures and Presentations

· Environmental Impact of Urban Sprawl, presented to the Dept. of Geography and Environmental and Engineering of the Johns Hopkins University, Oct. 2000

· Regional Advantage or Regional Crisis-- Silicon Valley and Sustainable Development, presented to the “High- Tech and Future Conference” MIT, Sep 2000

· Green Power, general lecture to the audience who interested in Environmental Movement, Taipei, Jan. 1999

· Trends in Environmental Degradation in Taiwan, presented in Taiwan EPA EIS Conference,  Nov. 1997

Publication

Books

· Sustainable Development in Bay Area, 2000, published by National Press Council of the R.O.C.,  ( in Chinese), 

· Environmental Taiwan, 1996, published by CommonWealth Magazine (co-author, in Chinese)

· Customer Centered Selling—Eight Steps to Success from the World’s Best Sales Force, 1998, published by CommonWealth Publishing Co., Ltd.  (translating into Chinese)

Selected Articles (from over 100 reports in CommonWealth Magazine) 

· 1997 /Dec  ISO 14000 and the Competitiveness of Corporation 
· 1997/Nov.  Opportunities for Sustainable Cities and Communities? 
· 1997/Oct.   The Bin-nan Industried Complex and Water War in Southern Taiwan  
· 1997/Aug.  Economic Instruments For Environment Management: Experience of OECD 

· 1996/Oct.  Three R’s of the Recycling System: Reduce, Recycle, Reuse

Awards

· The Taiwan United Daily News Group Outstanding Journalist Fellowship, 1999 

· Taiwan Outstanding Journalist Awards, 1998 ( for Reporting on Sustainable Development in San Francisco Bay Area

·  Wu-Sun Wun Best Reporter Prize, 1998, for series articles:  "From Global Climate Changes to Changes in Taiwan's Industrial Policy" published in CommonWealth, April 1998 ( This is the Taiwan most important Journalism prize in Taiwan, roughly equivalent to the American Pulitzer Prize, which includes a cash award of NT$ 250,000 (about US$ 8300)

· WU-Sun Wun Best Reporter Prize, 1997. For articles “Taiwan's Second Land Use Revolution: The Impacts of converting agricultural land to industry, published by CommonWealth Magazine, April 1997

· Taiwan Executive Yuan, Government Information Office prize for excellence  in documentary films, 1996, ” After Haba Typhoon: Opportunities for Taiwan's environment” 

·  " Earth Vision 1996", Japan,  Excellence Documentary Films Award for ”The Biography of a River:The KaoPing River in Southern Taiwan”       

· City Bank Award for Pan Asia excellence in Journalism, 1996, for book ” Environmental Taiwan”

· Wu-Sun Wun Best Reporter Prize, 1996, for book ” Environmental Taiwan”

 Activities and Service

· Member of the SAVE(U.S. Spoonbill Voluntary Action Echo, A project of Earth Island Institute, SAVE is a voluntary organization dedicated to an international plan to rescue the endangered black-faced spoonbill, a species nesting and threatened by a proposed industrial complex. Renowned conservationist, David Brower was the Chair of SAVE.

· Member of the TEAN( Taiwan Environment Action Network), CAEPA Chinese American Environmental Protection Association, Environmental Conservancy Association, Taipei Bird Watching Organization, Sierra Club , Audubon Society, World Watch Institute, Society of Environmental Journalists.
 Personal Information

Date of Birth: Jhly 30, 1966   ;  Taiwanese
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� Taiwan River Pollution Index


Taiwan EPA use SS(Suspended Solid), BOD-5(Biochemical Oxygen Demand),Dissolved Oxygen(DO) and NH3-N to be River Pollution Index, 





Polluted level�
A: none to little polluted�
insignificant�
significant�
Serious�
�
DO(mg/l)�
6.5 or higher�
4.6~6.5�
2~4.5�
2~or less�
�
BOD(mg/l)�
3 or less�
3~4.9�
5~15�
15 or higher�
�
SS(mg/l)�
20 or less�
20~49�
50~100�
100 or higher�
�
NH-3-N�
0.5 or less�
0.5~0.99�
1~3�
3 or higher�
�
point�
1�
3�
6`�
10 or higher�
�
average�
2 or less�
2~3�
3.1~6�
6 or higher�
�
Source:Taiwan EPA





� Taiwan formerly had 4 levels of governments -- Central, Provincial, counties/cities and townships.  In an attempt to improve efficiency and to reflect political reality, the Provincial Government was substantially streamlined in 1999 to maintain only a symbolic existence.


� Because of political consideration, the two agencies are placed at the same equal level.  But in terms of function and division of labor, they do not seem to be parallel organizations.  As result, there are significant overlaps of policy-making and promotion.  Consolidation of the 2 agencies is inevitable in the future (Chou, 2000).


� Traditional twxtbook approaches are often based on the Ripple analysis which is used cauculate the safe yield of a reservoir. safe yield is defined as the maximum rate at which water can be withdrawn continuously throughout a specific flow record. 
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Sheet1

		第一組表(1~3)

		表一				雨多留不住

		台灣可用雨水量佔總雨量1/5

				ocean		56.40%

				evaporation		24.95%

				groundwater		5.10%

				river		10%

				reservoir		5%

						資料來源:水資源局
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[image: image1.png]Name Length  Drainage Area | Discharge  Unit Discharge
{km} {10%m?} {m¥s} {cmsfkm? )

Mile River 6648 33490 2640 7.9%10*
Amazon River 6500 705.00 175000 25107
Yangtze River 6300 18085 31060 17510
Mississippi River 6020 32210 18410 5.7%10%
Vellow River 5464 7520 1820 24*10%
Ob River 5410 299.00 12700 4.2%10%
La plata 4700 297.00 14880 5.0%10%
Congo River 4700 34570 41300 1.2%107
Melcang River 4500 81.00 11000 1.4%107
Heilung River 4440 18550 9800 53%10%
India River 3180 96.00 7000 7.3%10%
Dannbe River 2850 81.60 6430 7.9%10%
Rhine River 1320 2240 2500 1.1%10%
Sinno River 367 119 3%5 3.0%107
Thames River 338 114 67 5.9%10%
Choshui River 186 031 24000 77

Kaopin River 170 03 24200 76

Tamshui River 158 0.27 23000 85

Tsengwen River 138 011 9200 84

W River 116 020 21000 105
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