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I. EXECUTIVE SUMMARY

. This project has been carried out by an interdisciplinary team at Oregon State University

and Portland State University in response to an Oregon Department of Environmental Qualit y

request to bring together the available information on water quality in the Tualatin Basin, t o

analyze the information and to present it in a form that would be useful to decision makers . The

information has been summarized in the form of alternative actions that.can be taken to improve

water quality . The project did not include any further research into questions of the amount s

of nonpoint source phosphorus entering the stream from different land uses, or into the dynamic s

of phosphorus supply for algal growth .

The Tualatin River Basin has seen major changes in the past 150 years . Before that time,

the basin was characterized by extensive areas of wetlands that contributed to summer flows an d

removal of nutrients to the River. Harvesting of timber, removal of native vegetation and

draining of wetlands for agricultural use started about 150 years ago . Major urbanization in

recent years increased impervious surfaces with consequences for river flow . Destruction of

riparian vegetation occurred with changing land uses . Formation of the Unified Sewerage

Agency with up to date sewage treatment facilities, and reservoir storage at Hagg Lake, resulted

in major improvements in river water quality . However, continued growth in the basin added

pollutant loads, so the River did not reach the quality required for beneficial uses . The Total

Maximum Daily Loads (TMDLs) for ammonia have been achieved because the point sources

could be eliminated, but the nonpoint sources of phosphorus are much more difficult to control .

Increasing health of the Tualatin River is not simply a matter of meeting TMDLs fo r

phosphorus but is a comprehensive restoration of health of the watershed . This includes the

biota and decisions such as whether the River should be managed for warm water fish or•col d

water fish. It will include restoration of riparian functions, with vegetated riparian areas an d

more areas of wetlands to enhance river functions of quantity and water quality. There has been

no systematic study of biota in the basin; this is needed. as a: baseline for planning the restoratio n

of biological functions of the River . Similarly, systematic studies of trace amounts of organi c

and inorganic potentially toxic pollutants need to be carried out to evaluate the potential chroni c

effects on river health.

i
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Algal growth requires conditions of high nutrients, high temperatures, and long residenc e

times in the water . Decreased algal growth will come from changes in the combination of thes e

factors . Increased water flows during the summer, with estimated requirements of at least an

extra 100 cubic feet per second during the months of July and August, may be technically the

easiest to provide, although not inexpensive . These extra flows will dilute phosphorus

concentrations, decrease temperature, and decrease residence time in the Tualatin pool area .

Decreased phosphorus loads from point sources have been demonstrated and best managemen t

practices from crop and animal agriculture will decrease nonpoint source phosphorus loadings .

The magnitude of this decrease can not presently be determined because the proportion of

phosphorus coming from subsurface flow has not been determined. It would appear to be

difficult to decrease nonpoint phosphorus inputs to 50 percent of present levels, a level that

would be required to decrease growth of algae . Urban nonpoint sources are significant and

control is possible through management of stormwater and treatment on land .

Instream processes can be modified through mechanical means such as aeration, which

would increase dissolved oxygen and prevent thermal stratification . Stream corridor

management includes restoration of riparian vegetation to trap sediments and to remove nutrient s

from surface and subsurface flow into the River . Riparian vegetation also decreases water

temperature and decreases light reaching the stream .

Two models are being used for quantitative evaluation of the alternatives . The loading

model (HSPF) has been widely used and is supported by the Environmental Protection Agency .

It is able to manipulate all the land processes relating to water quality . The river model, C-

QUAL-W2, takes the input from the loading model and predicts changes in the River as a resul t

of different loadings . Models have been calibrated and are being used for evaluation of th e

alternatives .

Some technical and economic evaluations of the alternatives are provided in this report .

The social aspects of the alternatives must be taken into account by decision makers through th e

political process .

Recommended short term actions include providing supplemental stream flows ,

continuing aggressive implementation of nonpoint source management programs, and beginnin g

to engage the public in the long term planning process . While these short term actions will slow
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further deterioration of water quality, they are not sufficient, with continuing growth in th e

basin, to provide the water quality required for beneficial uses .

Recommended long term actions include restoration of riparian vegetation, restoratio n

of water storage in the landscape, such as wetlands, and source reduction through changed

management of land in urban and agricultural areas .
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II. INTRODUCTION

In response to House Bill, 3338, the Oregon Department of Environmental Quality in

1991 released a request for proposals to bring together the available information on water in th e

Tualatin River Basin, to provide a scientific basis for improving the River water quality . This

would include an analysis of the information and presentation in a form that would be useful t o

decision makers . We have analyzed available information and summarized it in the form of th e

alternatives that have been suggested for improving water quality . These .alternatives are being -

evaluated using two simulation models of the land interaction processes and of river flo w

processes. These models take into account a range of factors in an unbiased way, to provid e

the best evaluations for decision makers . All the alternatives have costs and benefits, some of

which are included here and some of which must be weighed by the decision makers in th e

political process that includes values held by the people involved .

The project did not include any further research into questions of water quality in th e

Tualatin . This needs to continue, because there are unanswered questions in the phosphoru s

supply to algae and in how the nonpoint source phosphorus reaches the streams .

The Tualatin River Basin covers approximately 700 square miles, mostly in Washingto n

County (Figure 1) . The upper reaches of the Tualatin River and its tributaries are in steep

forested terrain, producing timber and providing wildlife, recreation, scenic and water collectio n

values. This covers nearly half the basin area. The lower reaches are broad alluvial valley s

with fertile soils and good climate where land use has changed to agriculture, small

residential/farms and rural residences as well as urban uses . About 40 thousand acres are in

irrigated crop land, and 55 thousand acres in non-irrigated crop land . An equal amount is in

pasture.

There has been a gradual increase in loading of nutrients and pollutants to the River with

increasing population and urbanization . The advent of the Unified Sewerage Agency, wit h

modern waste treatment facilities, led to large improvements in quality of the wastewater effluen t

in the 1970s., Continuing improvements in the process have lowered the effluent concentration s

of nutrients . Ammonia, which comes largely from the effluent, has been effectively remove d

at the treatment plants by converting ammonia to nitrate . The concentrations of phosphate . have
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been decreased through wastewater treatment improvements, through elimination of most of the

phosphorus coming from household detergents, and most recently through a biological

phosphorus removal procedure at the treatment plants that has proven to be very effective durin g

the past two summers . The effective removal of point sources of phosphate leaves nonpoint

sources as the major phosphate loading to the Tualatin River in the summer . At the same time,

best management practices are being put in place to decrease nonpoint sources of phosphate due

to erosion from agricultural activities and from urban activities, including stormwate r

management and construction site erosion management .

Even with these changes, water quality in the Tualatin Basin is not meeting standard s

required for the beneficial uses. The need for water quality control has not changed .

Until recently water quality control has been based on use of best available technology

for controlling point sources of pollutants . When a water body still does not meet beneficial

uses with the application of best available technology, a water quality-based standard must b e

used . This is the Total Maximum Daily Load (TMDL) . The Tualatin River falls into the

category of water bodies that did not meet the required standards with best available technology ,

and hence TMDLs were set for ammonia and phosphorus . Ammonia comes from point source s

and has been largely controlled by oxidation to nitrate in the waste water treatment process .

Phosphorus comes from both point and nonpoint sources. Point sources have been decreased

dramatically within the past few years to where nonpoint sources are now the large r

contribution . The estimates four years ago were that 85 % of the phosphorus came from poin t

sources and 15 % from nonpoint sources . Now, during the summer months with phosphate

removal at the sewage treatment plants, these figures have changed to where the dominant sourc e

is from nonpoint sources . It is not known at this time what proportion of nonpoint sourc e

phosphorus comes from urban, from agriculture and from forestry land uses, and also what

proportion reaches the stream attached to sediments and what proportion comes as solubl e

phosphate in subsurface flow into the River .

Water quality in the Tualatin Basin is not a simple problem to which there is a specific

technological answer. The cumulate effects of many activities have led to the problem, and will

continue to intensify the problem. Solutions lie in many changes in management of river flow s

and management of land surfaces. Each of these changes has costs and benefits, but changes
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must be made or each small cumulative impact will continue to add to overall degradation of

water quality in the basin .

Figure 1. Overview of the Tualatin River Basin

The Willamette River is on the right side . Blue tones are forested areas. The Tualatin River
flows through the red areas of more intensive land use.
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III. HISTORICAL PERSPECTIVE

The landscape of the Tualatin River Basin has undergone extensive change since th e

initiation of EuroAmerican settlement in the early to mid nineteenth century . These changes

have important consequences for the hydrology and water quality of the Tualatin River . Water

quality in the lower reaches of the River has become a concern within the latter half of th e

twentieth century .

Landscape characteristics are important to basin hydrology and plant nutrient dynamics .

The most important characteristics are :

* The physical complexity of the stream channel and interactions with adjacen t
floodplains .

* The presence and integrity of wetland environments which include riparian wetlands ,
freshwater marshes, and freshwater swamps.

* The amount of developed urban areas with their associated impervious surfaces .

Three major types of landscape change have occurred within the basin :

* The isolation of the Tualatin River from its floodplain and associated losses of riparia n
areas and related wetlands .

* The draining and conversion of wetlands to agricultural and other developed land uses .
* Urbanization and covering water retentive soils in the basin with impervious surfaces .

These changes have produced both a landscape that is functionally different from tha t

experienced by the early explorers and a river system that responds to different impacts and a s

a result displays a different set of water quality symptoms .

The first descriptions of the Tualatin Basin landscape are credited to Hudson's Bay

Company trappers who explored the Willamette Valley and Oregon Coast in search of beaver.

A trapping party headed by Alexander R . McLeod crossed the basin in the spring of 1826 .

Their route was along "the Borders of the Mountain" because of wet conditions in the valley

floors. Early roads were generally along the valley sideslopes to avoid those wet areas . About

the same time, Peter Skene, another Hudson Bay Company trapper and explorer described the

Tualatin Valley as "mostly water connected by swamps ." Local flooding was attributed to

beaver and to "accumulated sediment, fallen trees, and living vegetation in the channels ." The

"general description" of Township 1 South, Range 3 West, Willamette meridian from 1850 s

descriptions by Federal Land Surveyors reads :
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On both sides of the Tualatin River are some bottom lands which are subject t o
inundation to the depth of 10 or 12 feet and have a sandy soil timbered with fir,
ash, maple, vine maple . . . These bottoms have many swamps principaly [sic]
caused by beaver dams on the small streams . The timber in the swamps is
principaly [sic] willow from 10 to 20 feet high and so thick they are almos t
impenetrable [sic] .

Transformation of the pristine or pre-contact landscape of western Oregon has been

attributed to activities related to the timber ' industry, navigation improvements, agricultura l

development and urbanization. Examples of how development has prompted stream channel s

to be confined, woody debris removed, wetlands drained, and surfaces paved are abundant .

Population figures alone are sufficient to appreciate the pressures on the Tualatin River Baffin

landscape . The growth of population of Washington County was as follows :

Year
Washington County

Population
State of Oregon

Population

1850 2,652 12,093
1900 14,467 413,536
1950 61,269 1,521,34 1
1990 311,554 2,842,321

The historical record shows that the pre-contact landscape of the Tualatin Basin has bee n

significantly altered by human activities related to timber production, agricultural development ,

and urbanization, much of which has been focused on the Basin's lowland streams and wetlands .

Although it is difficult to predict precisely the quantitative impact of these changes on the wate r

quality in the lower reaches of the stream, these alterations have reduced hydraulic residenc e

time at both the local and basin scale, have eliminated features that contributed to nutrient

processing and storage, and changed the susceptibility of agricultural and other soils to water

erosion. The net effect of these changes has been to reduce the summertime baseflow in the

River, to increase the residence time of water in the lower pool, to increase the nutrien t

(phosphorus) content of the water in the stream and to permit additional sunlight to shine on th e

stream. This situation has been further exacerbated by the Lake Oswego diversion dam whic h

increases the size of the pool and increases the residence time of water in the pool . All of these
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factors contribute to growth of algae in a quiet pool .

A watershed management plan for the Tualatin Basin will need to consider th e

importance of the landscape features that have been altered by human activity . Stream habitat

improvement and wetland mitigation activities would assist in restoring water quality in the

Tualatin Basin, would provide important habitats for fish and wildlife and would enhance a

number of other values associated with aquatic and wetland environments .
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IV. AQUATIC HEALTH of the RIVER

1.

	

The Tualatin Watershed

An evaluation of the Tualatin River cannot focus simply on water chemistry and o n

achieving the TM )Ls for ammonia and phosphorus. A river is a functioning part of a

landscape. The ecological, aesthetic and cultural values must be included in the evaluation of

a river. We now view rivers not just as conduits for supply and removal of water, but in a

holistic view of the landscape, finding out how they function and designing our necessar y

economic activities around these functions : This is the process of sustainable development .

The health of a river includes not just the water chemistry, but the various biological

functions . Fish populations are an important and visible part of these functions, but only one

part. We have, therefore, looked at the ecological functions of the River . The public

participation process has provided information on what people want from the River . . Recreatio n

and the River as part of the landscape come out strongly as requirements . An evaluation of the

historic River has shown that there was previously much 'more interaction of the River with its

surrounding land . Wetlands, with important water quality functions, were previously much more

common in the basin . The disappearance of wetlands has been part of the process of land use

changes, all of which affect the function of the River . Some of the changes by themselves ma y

not produce a measurable effect, however, the cumulative effect of the many changes in lan d

use have changed the functions, and also the appearance of the River . We need to think-in

terms of cumulative effects, rather than evaluating each action separately .

The processes of water and sediment transport through the watershed determine

watershed functions . The nature of the uplands and the land use management on the upland s

determine amounts, timing, and quality of sediment and water . The characteristics of the

channel, including slope, geology and interaction with vegetation, determine how water and

sediment is transported along the stream. Many of our necessary economic activities influenc e

these functions . The effect of any one use may be too small to measure but the cumulativ e

effect may result in large changes in the River .

For the last 150 years the Tualatin River Basin has been central to development and

productivity in the upper Willamette Valley . Historically, slash dams associated with timber
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harvest, water diversion at Lake Oswego, regulated flow from Scoggins Dam and major lan d

use changes to agricultural and urban uses have changed hydraulic and geomorphic processes

- in the basin . Agricultural, forestry, and urban uses have fragmented the landscape, resulting

in further degradation of stream function . Biological recovery of the basin will depend o n

changing some of these landscape-level alterations . Baseline biological data is needed across th e

entire basin to assess present conditions as a basis for management .

2. Watershed Health

Riparian zones of tributaries and the mainstem are fragmented, affecting all levels of

stream function . Riparian vegetation intercepts sediments and nutrients and also influence s

stream temperatures and light levels. Average stream maxima of 90 F for several weeks per

year indicate a need for protecting thermal regimes . Historical snag removal has altered

potential habitats for biota, making remaining large wood from riparian zones valuable resource s

for channel structure. Connections between riparian zones are essential for wildlife, whos e

ranges often exceed the patchy distribution of remaining riparian areas . Restoration should

include reconnecting riparian zones both longitudinally and laterally with adjacent floodplains .

Sediment deposition and residence times have been dramatically altered by reservoir flo w

regulation and historical channel modifications. High, flushing discharges have been decreased

and storage of nutrient-rich sediments Increased. Restriction of flood plain function by

agricultural and urban development prevents the River from exchanging sediment with adjacen t

banks. Recognition of floodplain function should play a role in future planning decisions for th e

watershed .

3. • Biota

Surprisingly little is known about the biota of the whole Tualatin watershed . Emphasi s

has been placed on the lower mainstem, and very little information has been gathered fo r

tributaries . Algal data is generally confined to phytoplankton in the lower mainstem, with scan t

data on benthic periphyton . A shift from blue-green algae in 1976 to filamentous diatoms i n

1987 may be indicative of improved water quality during that interval. Abundant aquatic

herbivores in the mainstem, primarily zooplankton and suckers, are important biological controls
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for algae .

Trophic dynamics of resident and migrating fish are affected strongly by thirteen species

of non-native warm water fishes that are predators on zooplankton and other fish . Winter

- steelhead are introduced as hatchery fish in most tributaries, but Gales and Dairy Creeks no w

are being managed for only wild cutthroat trout . Little is known about abundances of fishes in

the tributaries . Management policies should distinguish native from non-native species, and

recognize that recovery of native communities may be retarded by enhancing exotic species .

Though species lists for riparian vegetation and wildlife have been developed for

localized areas, distributions of terrestrial biota are poorly understood, and little quantitativ e

documentation exists . Loss of habitat of woodlots, fence rows and riparian zones has

contributed to declines in wildlife . However, wetland restoration has been very successful i n

attracting waterfowl . Popularity of these areas attest to the potential for nature-watching value s

in future restoration plans for the basin .

4. Toxics

Systemic and detailed measurements of potentially toxic organic and inorganic chemicals

have not been made for the water column, for sediments or for biological tissues . A number

of chemicals are found, generally at higher concentrations in the lower mainstem compared with

the upper parts of the River . They do not reach health advisory levels, but indicate the need t o

look for chronic effects on health of the River .

5. Sediments

A steady-state mass balance model for suspended solids was used to characte e

sediment inflow, outflow and any sources/sinks along the River . The River was divided into

twelve sections based on the monitoring stations of the Unified Sewerage- Agency and all

tributaries were treated as point sources flowing into one of these segments . A significant

portion of the sediment was found to enter the River from the upper third of the basin above

river mile 39. Dairy and McKay Creeks were found to contribute significant solids loading :

The seasonal variation of solids loading was as much as a factor of ten, with loading being low

in summer. The changes observed in the lower two thirds of the -River, between river mile 39
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and the mouth of the river, tended to remain local and did not account for any major change i n

the river .

6.

	

Restoration

The Tualatin's future will depend on balancing needs of agriculture and urban growth

with ecological management of water, soil, plant, and animal life resources . Criteria for

restoration should include values of longevity and stability, recognizing economic, recreational ,

and aesthetic priorities . The criteria of floodplain process recovery and return of native biot a

to more expanded ranges provide high standards for restoration .
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V. NATURE of the PHOSPHORUS PROBLEM in the TUALATIN RIVER

1.

	

Problem Description

During the summer months of high sunlight intensity, warm temperatures, low stream

flows and long detention times in the Tualatin pool, conditions are right for algae to grow t o

excessive levels that cannot be maintained during cloudy conditions. Thus algae grow, turn the

River green, then die causing it look brown, and to suffer low oxygen concentrations that stres s

fish. These conditions make the River unacceptable to people living near it, and cause tha t

segment to be in violation of the water quality standards .

2.

	

Factors Affecting Algal Growth

Excessive algal growth is characteristic of eutrophic, or nutrient-rich, water bodies . The

most common growth-limiting nutrient in fresh waters is phosphorus . This implies that

decreasing the concentration of phosphorus in the River can decrease algal growth .

Other factors important in controlling the growth of algae are light, temperature, an d

travel time. High turbidity levels can reduce light penetration in the water column and limi t

algal growth to a shallow zone near the surface . Light can also limit algal growth in cloudy

weather. Cold water temperatures reduce algal growth rates such that, combined with lower

light intensity and greater flow rates, excessive algal production is not a serious problem during

the non-summer months . Travel time refers to the length of time for water to flow through a

section of the River. Greater travel times mean longer exposure to light, higher wate r

temperatures, and resultant greater algal growth . Figure 2 summarizes some these relationships .
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Forms of Phosphoru s

The total phosphorus concentration (total-P) in water may be divided into that associate d

with suspended particles (particulate-P) and that which is dissolved (soluble-P) . Soluble-P is the

most available for algal assimilation ; it includes ortho phosphorus (ortho-P), condensed

phosphorus forms such as polyphosphates, and organic phosphorus forms such as proteins, fro m

organic wastes . Condensed and organic phosphorus is readily converted by hydrolysis and

enzymatic reactions to ortho-P .

Particulate forms of phosphorus include organic particles such as bacterial and algal cells ,

organic macromolecules, other organic matter fragments, and inorganic particles such as

precipitated mineral phases . Particulate phosphorus is not directly available for algal

assimilation, but must first be converted by bacterial degradation and natural dissolutio n

processes to soluble-P. The conversion is enhanced by anaerobic conditions in the sediments .

4.

	

Relationship to Tualatin River Problem

The Tualatin River, because of its physical geography and land use patterns has hig h

phosphorus concentrations combined with high available light, warm temperatures, and lon g

travel times (low flows) . Explosive growths of algae, or blooms, occur during particularly

warm, sunny periods, followed by crashes due to either changes in the water (cool, cloudy) o r

nutrient depletion . These bloom-crash cycles typically occur in the section of the river

impounded by the Lake Oswego diversion dam where travel times are longest. Algal growth

reduces water clarity and causes the water to have a green hue, conditions . that are generally

considered unacceptable for recreational and other beneficial uses of the River . During

decomposition of algae, oxygen concentrations in the hypolimnion decrease rapidly an d

anaerobic conditions develop. Many aerobic organisms die and float to the surface along with

the dead algae . Anaerobic biodegradation processes generate odorous gases and organic acid

intermediates, greatly detracting from the biological health and aesthetic values of the River .

Phosphorus in decaying algal cells is released back into the water column where it may be

recycled back to the epilimnion, promoting further algal growth .

Stratification in the deeper pools of the lower River, where a warmer upper layer, the
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epilimnion, is separated from a cooler lower layer, the hypolimnion, aggravates the effects of

algal blooms and crashes . Mixing throughout the water column is inhibited by the densit y

separation of the two layers . Re-aeration only occurs in the epilimnion, and the hypolimnio n

can become severely reduced in oxygen concentration, eventually turning anaerobic . Low or

depleted oxygen concentrations cause stress or are lethal to much of the biological community

in the River, greatly limiting its diversity .

5.

	

Hypotheses for Factors Controlling Algal Blooms in th e
Tualatin River

Phosphorus limitation and light limitation have been advanced as factors that control th e

occurrence of algal blooms in the Tualatin River . The phosphorus-limitation hypothesis assume s

that algal growth is limited by the availability of phosphorus . Lowering phosphoru s

concentrations in the River should reduce algal production and increase water quality ,

particularly clarity . Diurnal oxygen fluctuation should be of lower amplitude . In stratified

sections of the river, hypolimnetic oxygen depletion should be lessened, and anaerobic recycling

of phosphorus is reduced or eliminated .

The light-limitation hypothesis assumes that algal growth is limited by the availability of

light for photosynthesis. In non-stratified sections of the River, mixing occurs throughout th e

water column . For algae to grow, cells must spend sufficient time in the euphotic zone wher e

light penetrates in order to photosynthesize and grow. Turbidity in the water reduces light

penetration and hence algal growth . In stratified sections of the River, algal growth is generall y

not light-limited, as algae are retained in the epilimnion which corresponds approximately to th e

euphotic zone. Algal blooms result. Reducing turbidity levels in the River could actually

enhance algal growth under light-limited conditions .
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VI. ALTERNATIVES AVAILABLE in RESPONSE to th e
PHOSPHORUS/ALGAE PROBLEM

The complex water quality issues facing the Tualatin Basin, can be resolved into a serie s

on manageable steps . The issue for which the TMDL process was initiated concerns th e

excessive growth of algae and the associated and uncontrolled variations in dissolved oxygen

associated with periods in 'which algae flourish and periods in which they die and decompose .

The preceding section outlined the processes that contributed to this problem . In order to

resolve or decrease the -intensity of the problem, it is necessary that steps be taken to preven t

such large concentrations of algae from developing . There are four basic strategies tha t

individually or in combination can be used to achieve this .

1.

	

Increase the Summertime Flow

By increasing the summertime flow rate, water will have a shorter residence time in the

quiescent lower Tualatin pool . This shorter residence time means there will be less time for the

growth of algae . The increased flow, assuming it is of the water quality currently provided b y

the discharge from Hagg Reservoir, will also dilute the current phosphorus concentrations . This

lowered nutrient level will further constrain algal growth .

The third attractive feature of having additional summertime flow is that it will maintai n

a lower water temperature in the pool . Algal growth is stimulated by increasing temperatures ,

thus, the additional water with its lower nutrient concentration, cooler temperature and shorte r

residence time will result in lower algae populations .

2.

	

Decrease the Phosphorus Load

For many of the same reasons that increasing the flow rate will improve the quality of

the lower Tualatin River, reducing the phosphorus load will also improve water quality b y

decreasing excess algae production . Although considerable progress has been made over the pas t

decade in reducing the amount of point source phosphorus entering the Tualatin, these reduction s

have not been sufficient to substantially change the algae dynamics .

Approximately half the land of the Tualatin Basin is devoted to forestry production .
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How that land is managed, how roads are constructed, and how stream bed corridors ar e

maintained all influence how much sediment and associated phosphorus enter the stream durin g

rainfall and snowmelt events .

A highly intensive agriculture has developed in Washington County . This include s

production of several varieties of highly valued ornamental plants sold for use around th e

country . Accompanying this highly intensive, science-based agricultural production is another

phenomenon of the twentieth century, the residential farm with its associated small anima l

population. These animals may be a recreational horse or a few cattle. There are also

commercial animal enterprises in the County . Each of these practices can be managed to

minimize nutrient escape, and procedures are being put in place to do this . It is necessary that

these practices be continued no matter what other steps are initiated .

Extensive urban development has brought associated impervious surfaces and rapi d

drainage of highly fertilized lawns and gardens in the Tualatin Basin . These contribute to the

phosphorus load with which the River must contend . Urban pollution prevention and abatement

measure are available and are being pursued . This process will need to be intensified if lon g

term remediation is to result .

3.

	

Restore the Stream Corridor

Wetlands and highly vegetated stream bank corridors typified the Tualatin River Basi n

when early settlers arrived . These natural vegetation features were critically important to th e

quality of the landscape and to the quality of the water available to early developers in the area .

The challenges to these first settlers were to remove the forest cover, rip out the beaver dam s

and drain the wetlands. We have now learned that these natural features are vitally important.

They increase summertime stream flow, remove nutrients and keep the soil particles in place .

Any long term strategy for restoration of the Tualatin Basin must include protection of th e

remaining wetland and riparian vegetation and restoration of those features in the critical area s

where they have been destroyed .
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4. •

	

Change In-stream Processes

Over the years, human activity has altered the in-stream processes of the Tualatin River .

Under land development, a slow moving highly stratified steam with abundant algae growt h

possibilities has evolved . One option is to reproduce the previously natural process and provide

the mechanical aeration and mixing that are needed if algae growth is to be brought under

control .
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VII. _ DEVELOPMENT OF MODELS -

Computer models describing the physical, chemical, and biological processes on the

watershed and in the streams are used to evaluate the effectiveness of various strategies to

improve water quality of the Tualatin River Basin. Watershed processes that result in the

transport of nutrients, particularly phosphorus, to the River system and .the transport and

transformation of these nutrients in the River are the main concerns . Most models to simulate

various water quality processes have been developed for specific purposes and do not represent .

the full range of processes representing the watershed and the River .

Existing computer models were evaluated by the project team and two models were

selected for use in this study : the Hydrologic Simulation Program - FORTRAN (HSPF) mode l

for simulation of the watershed and tributary streams and the CE-QUAL-W2 for the mainste m

of the Tualatin River .

1 .

	

HSPF Model for Nonpoint Source Loadin g

This model has been developed over a number of years and is supported by the

Environmental Protection Agency . The model is conceptual in nature, representing the variou s

hydrologic and water quality processes through equations based on a combination of fundamental

physical and chemical principles and empirical expressions. It has been widely used and

accepted .

HSPF considers the watershed and stream . system as a network of elements or segments

that represent an area of pervious land, an area of impervious land or a length of stream . The

Tualatin River Basin was subdivided into the 28 sub-basins used by DEQ in setting the TMDLs .

On the pervious land segments, all relevant hydrologic processes are simulated to provide a n

accounting of the water balance, including interception by vegetation, infiltration into the soil ,

percolation of water downward through the root zone into the lower zones of the soil to th e

water table, evapotranspiration from the upper zones of the soil, overland flow of water that

does not enter the soil, and subsurface flow and groundwater flow both into and out of the

segment. Physical properties of the segment including catchment area and land slope are use d

to describe each segment . In addition, a number of parameters that control the rates of the
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various hydrologic and water quality processes must also be specified . On an imp m s,

.

	

segment, water runs off by overland flow or is evaporated from depression storage.

Water quality process that can be simulated on these segments are sediment detachment

and transport, soil temperature, water temperature, dissolved gases, pesticide transport an d

nitrogen and phosphorus transport and transformation . The model provides a one dimensiona l

simulation of the water in the stream system as well as the transport and transformation of -th e

constituents delivered from the watershed segments . Physical characteristics are deternii ie d

from maps of the watershed and the parameters are specified either by association with, known

properties of the watershed or through calibration, where parameter values are adjusted to mak e

the model reproduce observed data .

Calibration has been completed for some sub-basins using data, usually collected on- a

weekly time interval, provided by the Unified Sewerage Agency. The calibrated model will be

used to simulate streamflow and water quality from the tributary watersheds and local drainag e

basins for input into the River model . The model will also be used to evaluate changes i n

management practices . A simple example is the expansion of pervious surfaces due to

urbanization. In that case, the area of the pervious segments is decreased while area of the

impervious segments is increased. The output of the model for water quality and quantity will

allow a comparison of how various management strategies change water quality .

2.

	

CE-QUAL-W2 MODEL for River Hydraulic and Water Quality Processe s

A modified version of the Corps of Engineers' CE-QUAL-W2 hydrodynamic and wate r

quality model was chosen. This is two-dimensional, laterally averaged, dynamic model o f

hydrodynamics and water quality, able to predict water surface elevations, longitudinal and

vertical velocities, and more than 20 water quality parameters . The model was set-up into five

river sections : Hagg Lake, Scoggins Creek, Tualatin River from river mile (RM) 60 to 32 ,

from RM 32 to RM 3 .5 (diversion dam), and RM 3.5 to the Willamette River . Dynamic

records of flow, pollutant concentrations for each point and non-point source, water withdrawal s

(location and quantity) such as Tualatin Valley Irrigation District (TVID) and the Lake Osweg o

Canal, and meteorological conditions were required as boundary conditions for the model . Once

the model is calibrated to field data from 1991 and validated from field data taken in 1992, it
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will be used for a quantitative comparison of various management strategies .

An initial simulation for Tualatin River segment 2 (RM 32 - 3 .5) was made prior to final

calibration to evaluate several management alternatives for water quality improvement in th e

Tualatin River:

Reducing P04-P loads from the Tualatin River above RM 32 and from Fanno
Creek by 50 percent.

*

	

Increasing the summer flows by 100 cfs .
* Keeping the flashboards at the diversion dam at RM 3 .5 down during the summer

period.
* Increasing summer flows by 100 cfs and keeping the flashboards down at th e

diversion dam over the summer period.

The model accurately predicted many of the dynamics of the algal blooms . At this point

in the calibration process, the model over-predicts the algae at Stafford in late summer . This

is being adjusted by increasing algae settling, increasing zooplankton growth in 'the lower pool ,

and/or lowering the algae biomass to chlorophyll a ratio in the late summer .

The effect of the various alternatives, compared to the existing physical condition, fo r

chlorophyll a, dissolved oxygen, and P04-P are shown at Elsner and Stafford in Table 1 . These

results are vertical averages, meant to show qualitatively how the alternatives affect water

quality . Each of these simulations took two to three days of CPU time on UNIX workstation s

for the 100 day simulation period .

The model calibration process is continuing for all the water quality parameters includin g

temperature on the Tualatin pool and Hagg Lake. Once the nonpoint model (HSPF) work i s

completed, then the inflows from HSPF will be incorporated into the instream model .

This tool, the instream computer model, will be used by the DEQ and the USGS to

further understand the Tualatin River system and to refine the model predictions presented in

this report .
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Table 1. Mean values (±standard deviation) over the simulation period and over depth o f

water quality variables at Stafford and Elsner.

Simulation Elsner (RM 16.2) Stafford (RM SA)

chlorophyll

a, ugn

P04-P, mg/I dissolved
oxygen ,
mg/I

chlorophyll
a, ugn

P04-P, mg/1 dissolved
oxygen ,
mg/I

Existing 24.7(±13.6) 0 .046(±0.008) 6.9(11.0) 50.2(±26.3) 0.15500.07) 5 .6(±1.8)

50%
reductio n
in PO4-P

21 .4(=10.5) 0.023(±0.007) 6 .8(=1.0) 42.6(±20.1) 0.148(±0.065) 5 .6(±1.7)

Increase
flow by 100
els

18.0(±9.6) 0.048(±0.007) 7.0(11.0) 34.2(±163) 0.112(±0.042) 6 .201 .3 )

Flash -
boards
down

22.2(±12.9) 0.046(±0.008) 7.4(10.8) 41 .1(±21 .8) 0.180(±0.081) 5 .5(±1.8)

Increase
flow by 100
cfs and
flashboards
down

16 .6(±9.4) 0.048(±0 .007) 7.1(±1.0) 30.1(±14.7) 0.138(±0.064) 6 .4(11.2)

Table 2. Comparison of model prediction of existing simulation with alternatives.

Model alternative Change in PO 4-P from
base simulation

Change in chlorophyll a
from base simulation

Change in dissolved
oxygen from base
simulation

1 . 50% reduction
in P04-P

50% 1 at Elsner, a t
Stafford average
-5%

from 18-27% 4 during
blooms at Elsner (average
-13%), from 14-22% 1
during blooms at Stafford
(average
-15%1

19% 1 to 4% 4 during
blooms st Elsner (average
-1%), at Stafford average
no change

2. Increase flow by
100 cfs

from 20-26% 1 durin g
blooms at Elsner
(average +4%), a t
Stafford average -28%

from 25-40% 4 during
blooms at Elsner (average
-27%), from 25-30% 4
during blooms at Stafford
(average
-32%)

24% f during blooms at
Elsner (average +1%), at
Stafford average +11 %

3 . Keep
flashboards o n
diversion dam
down during
summer

from 0-5% t during
blooms at Elsner
(average no change), a t
Stafford average +16%

from 0-18% 1 during
blooms at Elsner (average
-10%), from 38-41% 1
during blooms at Stafford
(average -40%)

7-60% t during blooms
at Elsner (average +7%) ,
at Stafford average
-2%

4. Increase flows
by 100 cfs and
keep diversion
dam flashboards
down during
summer

from 26 .29% 1 during
blooms at Elsner
(average +4%), a t
Stafford average -11%

46-50% l during blooms
at Elsner (average -33%),

25-40% 1 during blooms
at Elsner (average +3%),
at Stafford average
+14%
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VIII. ANALYZING THE ALTERNATIVE STRATEGIE S

Four categories of strategies were identified to improve.Tualatin River water quality:

1. Increased summertime flow
2. Decreased phosphorus load
3. Stream corridor modification s
4. Changes to instream processe s

A fifth category would be to take no major action .

The different measures under each general strategy are discussed, including, the

anticipated effects on river aquatic health, followed by expected economic costs, and finally th e

distribution of the costs over economic sectors . Economic benefits have not been estimated for

resource quality improvements, such as increased recreation use . Therefore, this is primaril y

an economic cost effectiveness analysis, exploring the minimum costs necessary to meet th e

TMDL targets . The changes in resource conditions not amenable to economic quantification ar e

described qualitatively.

This analysis of alternative strategies provides information to policy makers and th e

public to gauge impacts and tradeoffs . Recommendations about the social desirability of on e

strategy over another are not made by the study team . Those assessments and policy choice s

properly remain with the individuals and groups politically ,responsible for water quality

management . It is assumed in this analysis that all activities affecting water quality from

agriculture, forestry, and urban uses will meet existing legislative requirements such as th e

Forest Practices Act and Confined Animal Feeding Operation regulations .

1.

	

Increased Summertime Flow

Model results (see Section 7) suggest that a volume of more than 12,000 acre feet o f

storage is necessary to produce the additional 100 cfs . flows in July and August necessary to

approach the TMDL for phosphorus. Stream flow alteration has traditionally been achieved

through constructed devices and systems, such as Hagg Reservoir. Other options include

changes in management of existing water flows to reduce quality problems. Four measures to

increase summertime flow were analyzed and are presented in order of increasing expected

costs .
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a. Divert water from western slopes

Plans are moving forward to enlarge the capacity of Barney Reservoir on the Tras k

River. The added 16,000 acre feet of water would be delivered to the headwaters of th e

Tualatin through an existing tunnel . All of the added capacity would be allocated to municipal

uses, including water for instream dilution to meet quality standards . Approval of the added

Barney capacity must await an environmental impact assessment. Depending upon the allocation

of the added capacity, the increased flow could contribute significantly to meet the TMDL in

the short run .

Additional costs are not expected to be large because the original project planned for the

expansion, and some infrastructure and land are already in place . Inundation of project land will

diminish wildlife habitat and other uses . Former users, such as recreationists, may be affected .

Moreover, there is the potential risk of introducing exotic species from the Trask River system ,

invertebrates, algae or macrophytes, into the Tualatin system . Beneficiaries of the interbasin

transfer are Tualatin River users in the summer months, ' including recreationists, riverside

residents, and others .

b. Re-allocate Hagg Reservoir capacity

The 53,000 acre feet usable capacity of Hagg Reservoir -is currently allocate d

approximately as :

	

23,000

	

Tualatin Valley Irrigation District

	

14,000

	

Municipal uses

	

12,000

	

Unified Sewerage Agency

	

4,000

	

Other

Irrigation in the Tualatin Valley uses modern sprinkler technology for the most part.

Current irrigation efficiency studies suggest irrigators can increase efficiency by 10 to 15 percent

without significant cost (e .g., through better scheduling). Large scale savings in water use

would require changing cropping patterns. Reducing irrigation water by over 50 percent to gain

the instream water quality effect would significantly increase cyst, requiring new capital

investments (e .g., drip technology) plus changes in cropping patterns . Changing the timing of

water releases would also require changes in irrigation practices, or foregone revenues .
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The potential for reallocating municipal water to save reservoir capacity for ;is eaam

water quality uses is uncertain . Because current water pricing schemes rarely charge the full

opportunity cost of water, some (social) inefficiency is probably present. Reaching the water

quality target through diverted municipal uses alone is not feasible. However, increased

efficiency in the agricultural and municipal sectors coupled with diverted Trask River wate r

could produce enough capacity at low cost .

c. Divert water from the Willamette Rive r

. Water could be diverted near river mile 50 to augment Tualatin River flows during the

summer months . The costs of the diversion include construction and the energy costs of

pumping plus the opportunity costs of the diverted water in the Willamette River between th e

diversion and the return at the Tualatin River outfall . These costs would be concentrated on the

Willamette River users, probably riverside residents and recreationists, between the diversion

and the outfall .

d. Build new reservoir capacity in the Tualatin Basin

A final approach to increase summertime flows is to build new capacity dedicated largel y

to instream quality uses . The expansion of Hagg Reservoir or new reservoirs on tributary

streams are possibilities . Over 12,000 acre feet is necessary at present to push the River's flow

to a level consistent with the TMDL target . Costs of adding this new capacity include lan d

purchase, construction, and other significant opportunity costs. Because the water must remain

in the River, revenues from irrigation and/or municipal uses can not be collected to offset th e

project costs. It has been difficult recently to justify new capacity either economically o r

politically, even with the sale of some capacity .

2.

	

Decrease the Phosphorus Load

Phosphorus enters the Tualatin River from wastewater effluent, industrial sources, urba n

runoff, erosion and through leaching from soils and parent material via groundwater flows to

streams. The point sources and surface nonpoint sources can be most readily controlled t o

achieve lower phosphorus delivery to the River system . In contrast to flow augmentation
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measures, these source reduction measures attempt to reach concentration targets by lowerin g

loads rather than diluting the existing concentrations with more water .

a. . Alter agricultural practices to reduce
phosphorus delivery

Based on recommended rates, farmers, ranchers, and horticulturalists are estimated to

apply approximately 12 million pounds of phosphorus fertilizer annually in the Tualatin Basin .

Some of the phosphate is used for crop growth, some runs off the surface attached to sedimen t

or organic matter, some leaches to the groundwater and most of it is stored in the soil. $gveral

measures are available to reduce phosphorus loads to streams, including :

* Applying phosphorus at lower rates .
* Incorporating broadcast applications of phosphorus or banding phosphorus

applications .
* Applying manures and other wastes uniformly and at recommended rates to soil s

that are not saturated, followed by incorporation .
* Installation of clean water diversions and more efficient treatment and hang

facilities in confined animal feeding operations .
* Reduce nursery runoff through better irrigation management, clean wate r

diversions, and water reuse .
* Reduce erosion by conservation tillage, cover crops, mulches, and filter strips .
* Improved . irrigation management, through new water distribution techniques,and

alternative application schedules .

Simulated loading and instream processes suggest that halving phosphorus loads from the

Tualatin River above river mile 32 and from Fanno Creek would decrease phosphoru s

concentration 50 percent at the Elsner Bridge but only 6 percent at Stafford Bridge (see Section

7). The remaining phosphorus concentration still exceeds the TMDL by 100 percent at th e

Stafford Bridge. Phosphorus budgets for the River are not yet sufficiently precise to know how

much comes from runoff from agricultural land. Indications from summer concentrations in th e

tributaries are that most of the phosphate comes in subsurface water . Phosphate applied to the

soil surface reaches groundwater in tens of years . Changes in phosphate use contribute to long

term solutions, but not to short term solutions .
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b.

	

Control forest practices that deliver phosphorus • -

Nearly half of the Tualatin Basin is in forest cover . Nonpoint source pollution fro m

forest land management is controlled by Oregon's Forest Practice Act Rules . The major

measures to reduce surface runoff and erosion include:

* Limit fire use and intensity
* Limit widespread yarding and slash piling/scarification
* Modify road design and drainage maintenance
* Modify silvicultural systems (e.g., reduce clearcut harvest)
* Reduce harvesting of riparian areas

Costs of the measures vary widely, in part due to varying forest and land conditions i n

the basin. Some estimates:

' Reduced fire use may save $100 or more per acre in labor cost, but reduce future
timber yields, increase wildfire risks, and necessitate alternative treatments (e .g . ,
piling or herbicides) .

* Control of soil compaction and disturbance may or may not increase costs ,
depending on the specific location and practice .

* Modified road design and drainage maintenance could raise costs from $150 to
$3,500 per acre, but could be partly or fully offset by savings in road damage
and repair .
Partial cutting could increase logging costs 15 to 25 percent and reduc e
potentially beneficial stream flow increases, but would increase aesthetic an d
other recreational forest benefits .
Reduced harvest in riparian areas could cost $75 to $850 per acre due to timber
foregone and increased logging and road costs .

As with agricultural practices, the short-run cost adjustments would be considerably

larger than long term costs because over time education and new technology would lessen th e

effects of practice restrictions .

c.

	

Control urban phosphorus applications and runoff

Urbanization covers approximately 21 percent of the Tualatin Basin and is concentrated

near the lower reaches of the River, the areas that experience excessive summertime alga l

blooms. Urbanization increases stormwater runoff volumes and peak flows, leading to additiona l

scour and reduced baseflow, and contributes additional phosphorus loads and sediment to th e

river.
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At least three "best management practices" (BMPs) could reduce phosphorus load

deliveries to the Tualatin River :

* Increase infiltration through land use planning by maximizing contact of runoff
with pervious areas, e.g., through minimal use of curb and gutter constructio n
and narrower streets .

* Construct stormwater detention ponds for flood peak reduction, sedimentation an d
phosphorus removal .

* Reduce loads through public education and physical means .

Costs of these measures vary depending on needs for land, volume of water treated, an d

personnel and equipment needs . Urban BMPs are commonly employed in new development ,

where the cost is borne by the developer . Cost of retrofitting existing development with BMPs

could be spread over all urban residents and water system users, a number currently exceedin g

several hundred thousand households in the basin, possibly by means of a stormwater utility .

Because the demands for improved water quality stem from downstream urban areas, the cost s

of control may be fully or partially offset by increased benefits to local citizens .

d.

	

Reduce wintertime phosphorus point source loads

Though summertime phosphorus concentrations are the water quality target, wintertime

loadings may be depositing phosphorus onto sediments or other stream bottom materials an d

releasing the phosphorus during the subsequent low flow summertime condition . During

summer months, removal of phosphorus from the sewage treatment plan effluent has the

potential of reducing the total phosphorus load by over seventy percent . During the winter

months, however, due to the greater stream flow, increased erosion and greater runoff fro m

urban sources, the fraction of phosphorus from the wastewater treatment plants falls to between

20 and 50 percent depending upon recent rainfall patterns . Thus, in addition to high costs of

operating a biological process during the winter, there is little evidence to suggest tha t

wintertime phosphorus removal would reduce the summertime phosphorus concentration in th e

Tualatin pool area .
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3.

	

Stream Corridor Modifications

A healthy watershed is a cohesive ecosystem including its tributaries and mainstem, an d

the instream environment with adjacent riparian zones and floodplains . The Tualatin River

ecosystem has been affected by extensive land use changes to urban areas and agriculture ove r

the past century. Alterations on the landscape and in the stream affect phosphorus delivery an d

retention via riparian zones, habitat availability for biota within the stream and along the shore ,

and biological productivity within these interacting zones .

Three measures would enhance stream function and aquatic health :

* Lower the Lake Oswego dam to restore natural hydrolog y
* Restore riparian zones
* Restore and develop wetlands

The dam at Lake Oswego raises the River level by 3 to 4 feet and holds water an d

phosphorus for longer periods in the lower quiescent stretches . Lowering the dam would add

costs of pumping into Lake Oswego. Lowering River levels 3 to 4 feet would decrease riversid e

property values initially ; however, landowners would benefit from increased floodplain land s

along the River that would be re-vegetated naturally within a few years . Recreational values

may change, possibly limiting boating in some areas, but enhancing nature watching activitie s

not only in the areas adjoining the diversion dam, but also downstream where little water flow s

in the summer at present. Short-term costs of this measure, would be concentrated on riversid e

landowners, boating recreationists, and those paying the pumping costs . In the long-term, added

value to riverside properties, increased survival of salmonid fishes migrating through the

mainstem and improved crayfish fisheries would offset some or all of the costs .

Restoration of vegetation in riparian zones would increase the interception of surfac e

water runoff carrying sediment and/or phosphorus . Riparian vegetation would also intercep t

phosphorus in subsurface flow. Riparian vegetation and soils would hold wintertime rains for

infiltration, which would augment summer recharge of the River. Where riparian canopy cover s

the channels of tributaries, temperatures can be reduced through shading effects .

Because of cumulative effects accruing downstream, riparian restoration in tributarie s

probably would provide improved water quality downstream more quickly than major efforts on

the mainstem. Gales Creek, one of two creeks identified by ODFW for restoring wild runs of
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cutthroat trout, is a good candidate for restoration of riparian canopy . Where riparian areas are

developed for agriculture, riparian restoration can be a joint effort with local, state and federal

programs ; the limited extent of development on Gales Creek suggests that restoration started

here would be more economical than in more developed areas .

Dairy Creek, which is more highly developed in agriculture and urban uses has also been

targeted for restoration of cutthroat trout. Riparian vegetation on McKay and Dairy . Creeks

would provide badly needed filters for sediment and nutrient loads off the landscape . Satellite

imagery indicates scarce riparian protection at present.

In extreme situations, re-establishing riparian zones may require full land purchase .

Where riparian areas are in agricultural uses, conservation . easements could be purchased tha t

permit compatible commercial use while protecting riparian vegetation . Fewer additional costs

may be required in forested reaches because of guidelines for riparian areas in state and private

forested lands. In urban areas along tributaries and on the mainstem, planting of riparia n

vegetation and reduction of chemical use should be encouraged through education and public cos t

sharing.

Restoration of more wetlands in the Tualatin Basin would provide natural filters of runoff

waters carrying sediment and phosphorus to tributaries and the mainstem. High priority might

be given to the river section between Forest Grove and Jackson Bottom, where floodplain

restoration, particularly on public lands, might be relatively less difficult . The lands are less

developed than further downstream, and a value for wetlands has been established . The addition

of wetland function in these areas would improve connectivity to Jackson Bottom and th e

Hillsboro landfill ; these recently restored wetlands would provide excellent colonizing

populations of birds and wildlife. Recreation values including nature watching and hiking ca n

be expanded into newly acquired lands, that can also lead to an associated tourist industry in the

basin. As with riparian areas, wetlands would require full purchase for already develope d

wetlands or conservation easements .
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4.

	

Changes in Instream Process

Phosphorus concentrations, flow levels, and temperature combine to produce th e

undesirable algal growth. Two instream measures could reduce -the condition s

promotingexcessive algal growth :

* In-situ mixing of water strata
* Removal of Lake Oswego Darn

A device similar to a sub-surface waste diffuser directed latitudinally across the l l

could be used. The water mixing would promote oxygen transfer, thus increasing dtssai d

oxygen, maintaining aerobic conditions to reduce phosphorus and other nutrient recycling an d

reduction of odors. The construction costs for each unit would be in the order of $158 ,

annual operating costs in the order of $10,000 per year assuming four months of operation . The

number of units required is not known . Removing the Lake Oswego Dam will lower the Rive r

depth, increase water velocity, promote better mixing, and may reduce stratification in deepe r

pools. The quality effects will be similar to instream mixing . The costs would include one-time

cost of removal of the dam plus reduced short term land values along the lower River due t o

lower summer depths, and the reduced summertime recreation values . As the natural River

habitat is restored, more Riverside land will be available and different recreation uses will occur ,

which will partially or fully offset the short term cots .

5.

	

Take No Major Action

Another approach to dealing with the water quality problems in the Tualatin Basin is t o

continue to pursue present pollution load reduction strategies . This approach has limited costs

and has been successful in avoiding a water quality problem of drastic proportions that would

otherwise have occurred . Had not each of the major segments of the basin actively pursued loa d

reductions, the Tualatin River would by now have had periods of absolute oxygen depletio n

during the summer months and algae blooms far more severe than have occurred . The

construction of phosphorus removal facilities by the Unified Sewerage Agency has avoided mor e

severe water quality problems. Although these efforts have not improved the aesthetic quality

of the River, they have prevented more drastic water quality limitations .

7
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Among the steps required to pursue this strategy are:

* Continue to practice phosphorus removal from the sewage treatment plants .
* Actively pursue nonpoint pollution control strategies through BMPs in the

agricultural, forestry, and urban portions of the basin .
* Promote and encourage compliance with Confined Animal Feeding Operatio n

Rules and Regulations to the maximum extent possible .

While continuing in this way for another few years may avoid significant deterioration ,

it will not achieve significant improvement.
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IX. RECOMMENDED SHORT TERM ACTIONS

1.

	

Continue Aggressive Nonpoint Source Load Management Programs

Recent activities within the basin have been to manage and reduce the phosphorus loads

entering the Tualatin River from a variety of sources . These measures will need to continue for

the foreseeable future . They include compliance with pollution control measures for both

cropland and animal agriculture . Measures also include the most ecologically oriented forestr y

practices and aggressive adoption and implementation of the best urban nonpoint pollution

control measures .

2.

	

Establish a Source of Supplemental Stream Flow

Recent experience and application of the models to the watershed has demonstrated that

phosphorus load management efforts are not sufficient to restore the quality of the Tualatin t o

meet the established water quality criteria. The least expensive way to achieve that quality over

the short to intermediate future is to provide additional water storage sufficient to provide a

minimum of 100 cfs of additional supplemental flow during July and August . Under the current

conditions, storage of water in the Trask Basin offers the least expensive source of thi s

supplemental water .

3.

	

Engage the Public in a Long-Term Planning Process

Water quality monitoring in the Tualatin Basin has established that recent trends in

development exceed the ability of the Tualatin River to accommodate the nutrient load withou t

the growth of algae at levels incompatible with established water quality criteria . Restoration

of the Tualatin Basin is a major public decision . It involves dramatic decisions concerning lan d

use and planning for economic development . Decisions of this magnitude are not made quickl y

nor without intensive study. Now is the time to initiate that process .
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X. RECOMMENDED LONG TERM ACTION S

1.

	

Restoration of Wetlands

Both phosphorus removal and increase of summer flows of water can be achieved b y

wetlands. Wetlands store water during high-flow periods for later release into the River .

Wetlands function as a sink for nutrient removal from water . Riparian vegetation traps sediment

and prevents phosphorus absorbed to sediments from reaching streams during periods o f

overland flow. The roots of riparian vegetation also take up phosphorus that is moving to th e

streams from interflow or from baseflow.

2.

	

Management of the River for Biological Communities

Different components of the biota have different environmental requirements, for exampl e

temperature . One of the uses of the lower stem Tualatin now is for sports fishing of war m

water fish species . Encouragement of warm water species by providing the conditions they

require discourages cold water species such as the andronmous fish . Decisions must be made

as to which fish communities to encourage at which points in the basin.

3.

	

Storage of Water in the Landscape

An alternative to storing water behind structures such as dams is to store more water in

the landscape. This serves the same function of releasing water later during the summer .

Wetlands along the River are one component of this . Managing agricultural lands for maximu m

infiltration is another component, and land use planning for maximum pervious surfaces in urba n

areas is another . The amount of pervious surface and the distribution of pervious surfaces

within the urban landscape determine the amount of infiltration vs . the amount of immediate

runoff. This has implications for both quantity and quality of water .

4.

	

Source Reduction

Flow augmentation is needed as a short term solution to achieve a stable level with

present pollution loads. But it is not a long term solution because it will always lag behind

increasing needs . Source reduction, through various alternatives discussed in this report, is
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required . Source reduction needs to be tied specifically to increased needs, e.g., so many more

acres of wetland for each square mile 'of urban subdivision, or so many miles of riparia n

vegetation for each increase in intensity of agricultural use . Our present mode is to decreas e

wetlands as we convert more land to impervious surfaces for urban uses, and de ease riparian

vegetation with increased intensity of agricultural land use. Making no change at this time wil l

continue to aggravate the problem .
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XI. . A Learning Approach to Organization Behavior

There is continuing dissatisfaction with those organizations (public and private) that must

address-"justice and the common good" issues such as environmental protection. Frequently,

people complain that they cannot trust these organizations, they are inefficient and their efforts .

- are misguided and wasteful . Organizations should' be viewed as systems that can develop

learning disabilities even when the individual members .are competent, hard- working, .and .

dedicated to public service. What can be done to change institutions caught up in such a system ?

* Don't look for quick fixes . Instead, look for ways to improve and sustai n
learning at all levels .

* Don't blame individuals. Most of the problem• s are systemic and one n eds the
members of the system to correct the system .

* Don't depend upon top down solutions . Those in high positions are often
insulated from. systemic deficiencies, too defensive and too ready to cut off
honest discourse.

Industry has adopted a number of non-traditional management approaches that ar e

consistent with the above assumptions . Total Quality Management (TQM), one of the best

known examples, sees traditional (top-down) management as the cause rather than the solution

to organizations' performance problems . A more participatory (bottom up) approach i s

employed that empowers employees at all levels to learn and improve the system . By. pomoting

a learning organization, TQM claims to improve morale and organizational performance . While

public agencies can and should learn from successful approaches employed in the private, secto r

(such as TQM), the difference between private and public responsibilities must be kept in mind .

While private organizations must always keep customers and the market in mind, public agencies

must keep the citizens and the public good in mind .

Some efforts should be started to promote a longer term learning approach . An ongoing

series of discussion groups, seminars and workshops should be initiated . Such efforts must be

sustained over time or they will be dismissed as another gimmick - better small and sustained

than large and terminal . Interdisciplinary groups consisting of members from several agencie s

and - non-agency members, including the public, should sketch environmental systems and

develop general hypotheses concerning present and future environmental problems that migh t

occur. Such sketches and hypotheses would then be used to test established procedures and

actions. The following kinds of questions should be asked. Will our data collection program
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test these hypotheses? If not, why not? Are our efforts really dealing with the most importan t

problems, including cumulative problems that cross over agency responsibilities? Can we do

better? What have we learned since the last time we met? What should we expect to leam, b y

the next time we meet?



45

XII. Supplementary Working Paper Reports

Wolf, D. W. Land Use and Nonpoint Phosphorus Pollution in the Tualatin Basin, Oregon:A
Literature Review .

Wells, S . A., C. Burger, and M . Knutson. Modeling the Tualatin River System Includin g
Scoggins Creek and Hagg Lake : Model Description, Geometry . and Forcing Data .

Miner, J. R. and E. F. Scott. An Analysis of Water Quality Data in Tualatin River Tributarie s
with Three Different Land Uses .

Miner, J. R., P. O. Nelson, and S. Vedanayagam . Late Winter 1992 Sampling for Water
Quality in Three Stream Segments of the Tualatin River Basin . Oregon.

Miner, J. R., and E. F. Scott . Data Analysis:	 Water Quality of Dairy Creek and Major
Tributaries .

Reports in Progress

Taylor, G. H., P. C. Klingeman, J. R. Miner, and B. P. Warkentin . Estimating the Frequency
and Quantity of Surface Runoff Within the Tualatin River Basin .

Gregory, S. F. and J. Li . Issues Surrounding the Biota of the Tualatin River Basin .

Scott, E. F. and M. Wood. Tualatin Watershed Agricultural Lan d
Use Study.

Shively, D. D. Landscape Change in the Tualatin Basin .

Koch, R., P. Moore, and F. Tang. The HSPF Model for the Tualatin Basin .

Nelson, P. O. and S. Vedanayagam. A Suspended Sediment Analysis of the Tualatin River .

Koch, R., S. A. Wells, P. Moore, F. Tang, C. Burger, M. Knutson . Model Runs for
Evaluation of Alternatives to Increase Water Quality in the Tualatin River .

Miner, J . R. and L. Arnold. An Historical Perspective on Water Quality in the Tualatin Basin .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46

