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It is widely known and accepted that phosphorus and nitrogen are

generally limiting to freshwater phytoplankton and bacteria, with phosphorus

usually considered the critical limiting nutrient.

The Yamhill basin, in western Oregon, has experienced a serious decline in

water quality attributed, primarily, to high concentrations of phosphorus which

stimulate algal growth. One tributary of the Yamhill River, Baker Creek, was

selected for this study. The study area was a 14,168 acre (5,738 ha)

watershed on the east side of the Oregon Coast Range and western side of the

Willamette Valley. The dominant landuse practices are forestry within the

Coast Range and foothills, and a variety of agricultural practices and some

development and urban influences within the low foothills and valley.

The objectives of this study were to intensively measure soluble and total

phosphorus during the summer period of low flow to; i) determine the major

source(s) of phosphorus within the watershed, ii) determine the natural or



background levels of phosphorus, iii) ascertain the relative amounts of

phosphorus contributed to the stream by changes in soil types and/or various

landuses, iv) find how the phosphorus is distributed between soluble and total

forms and, v) determine which stream segments are affected by specific soil

types and/or landuse classes.

Fifteen to twenty-four sites were sampled over 18 km of Baker Creek

beginning in the Coast Range Mountains and concluding at the city of

McMinnville. Two additional spring sources were also sampled. The soils,

landuse types and topology were digitized using a geographical information

system (GIS) to create an integrated data base for the watershed.

In-stream concentrations of soluble phosphorus (SP) were lowest within the

forestry landuse class in the upper watershed and averaged from 59 to 70 ug/L

during the first year and 12 to 14 ug/L during the second year. Total

phosphorus (TP) concentrations were more homogeneous and averaged from

20 to 23 ug/L.

The highest average, in-stream concentrations of SP occurred within the

medial watershed, at the same location, during both years of study (106 ug/L

during year 1 and 20 ug/L during year 2). The highest average, in-stream

concentrations of TP were slightly higher at the terminal sampling point,

influenced by urban McMinnville (32 ug/L), than within the medial watershed

which is strongly influenced by pasture (28 ug/L).

The greatest average SP load occurred within the medial watershed during

year 1 and averaged 2.9 kg/d. During year 2 the highest average SP value



was found at the terminal sampling point at McMinnville (0.46 kg/d), as was the

highest TP load at 0.94 kg/d. The lowest loads were found within the upper,

forested, part of the basin. On a load per area basis (the load value divided by

the area of land that can influence the stream at or above any particular point),

however, this trend was reversed.

Concentrations of SP and TP were significantly higher within the spring

sources than within the stream. During year 1 the average SP values were 90

and 123 ug/L for the upper and lower spring sources, respectively. During the

second year of study only the lower spring could be sampled and the values

averaged 40 and 44 ug/L SP and TP, respectively.

Eighty-eight percent of the finest soils within the watershed (clay loams)

are distributed through the medial portion of the basin, as is the majority of the

land in pasture. The soils and land use may be significant with respect to the

higher concentrations and loads of phosphorus that originate within this

segment of the watershed. There is also a high nutrient spring source within

this segment of the basin.

From these data and the GIS data base we were able to determine which

stream segments are affected by the various soil types, springs and landuse

within the basin, as well as two "source areas" within the watershed.

However, due to the overlapping of the clay loams, pasture and a high

phosphorus spring source within the medial watershed, we were unable to

determine the relative contributions from soils, landuse and geochemical input.

Within the Baker Creek watershed the SP fraction averaged 50 percent of



the TP and the "background levels" of both fractions are high with respect to

much of the literature.
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PHOSPHORUS LOADING INTO BAKER CREEK, OREGON.

INTRODUCTION

With increasing population, greater and greater demands are being placed

on surface and ground supplies of freshwater, not only for human consumption,

but also, for irrigation, industrial consumption, fish habitat and recreation as well

as aesthetic purposes. Over 300 municipalities in the Pacific Northwest obtain

domestic drinking water from streams flowing from forested watersheds and

often apply only filtration and small amounts of chlorine to render the water safe

for consumption by humans. However, when a drainage basin is settled and/or

used by humans there is often a notable impact on the water quality of streams

and rivers, as well as natural and manmade lakes and reservoirs.

The natural aging process, or eutrophication, of these water bodies can be

greatly accelerated by changes that occur within these bodies. In 1982 the

United Nations Organization for Economic Co-operation and Development

defined eutrophication as "the nutrient enrichment of waters which results in the

stimulation of an array of symptomatic changes, among which increased

production of algae and macrophytes, deterioration of water quality and other

symptomatic changes, are found to be undesirable and interfere with water

uses". It is also noted, that the eutrophication of lakes and reservoirs still ranks

among "the most pervasive water pollution problems" on a global scale
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(S.O.Ryding, 1989).

In the United States, the Water Pollution Control Act was passed in 1966 to

address, water quality problems in the United States. This act called for

improvement and preservation of water quality in the nation's rivers, lakes,

streams, estuaries and territorial seas, while allowing the states to set water

quality standards. Significant revisions to this law were adapted with the

passage of the Federal Water Pollution Control Act of 1972 (PL 29-500) which

established two major water quality goals; 1) by 1983 water must be of

sufficient quality to promote fish life, and 2) a zero discharge of pollutants by

1985. This law was, in turn, later amended by the Clean Water Act of 1977 (PL

95-217) and then again by the Water Quality Act of 1987 (PL100-4). The

embodiment of all of the above law is what is commonly referred to as the

Clean Water Act.

In this body of law pollutants are classified in one of two categories, point

source or nonpoint source (NPS). Point sources of pollution are defined as

"any discernable confined and discreet conveyance" although the WQA of 1987

specifies that this "does not include agricultural storm water discharge and

return flow from irrigated agriculture." It was the water quality management

programs in the 1970's and early 1980's that focused on the reduction of point

source pollution from municipalities and industry. Nonpoint source pollution is

not defined in the CWA, but, from Pisano (1976), is commonly defined as all

other sources of pollution that are typically diffuse, dispersed and variable in
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nature while being influence by climate, hydrology, geology and soils and

controlled from the management level by Best Management Practices or

BMP's. Examples of NPS pollution include runoff from agricultural and

silvicultural lands, mining and construction sites as well as storm runoff from

urban areas and even the intrusion of saline water into estuaries, rivers and

lakes as a consequence of fresh water flow reduction.

The 1987 report of the Association of State and Interstate Water Quality

Administrators cited a substantial improvement in water quality in the U.S., but,

it also noted that further success in achieving these national goals depends

upon efforts to solve the problems related to NPS pollution (Smith et al., 1987).

It was the recognition of the nonpoint source problem that led congress to

pass the WQA of 1987 with provisions directed specifically toward these

pollution problems. Section 316(b) states "that programs for the control of

nonpoint sources of pollution be developed and implemented in an expeditious

manner so as to enable the goals of this act to be met through the control of

both point and nonpoint sources of pollution," while section 316(a) amends

section 319 to address the management of nonpoint source programs. These

require, among other things, that the United States Environmental Protection

Agency (EPA) will approve NPS assessment reports and NPS management

Programs prepared by the states. These reports will include the identification of

water bodies that cannot meet water quality standards without NPS controls,

the categories of NPS pollutants that adversely effect these water bodies and
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the processes necessary to identify BMP's and existing state and local NPS

control programs.

The state NPS management programs must identify both the BMP's that

will be used to solve the NPS problems and the programs to implement these

BMP's. The state programs must also schedule goals for these BMP's and

programs as well as certify that state law will provide authority to implement the

management programs.

Water quality data from the Pacific Northwest, which was gathered

between 1974 and 1981 as a part of nationwide water quality monitoring

programs, indicated general reductions in levels of fecal streptococcus bacteria

and lead in regional rivers and lakes, but, showed increased levels of

suspended sediment, nitrate and arsenic (Smith et al., 1987). Due to the earlier

lack of recognition of the NPS pollutant problems these data demonstrate that

some of the water chemical variables commonly used to indicate water quality

have not improved despite efforts in pointsource control. Most of the

improvement in water quality in the vicinity of pointsource discharge was found

to be chemical, not biological. Thus, direct evidence of progress toward one of

the major goals of the CWA (biological integrity) is incomplete (Effectiveness of

Agricultural and Silviculture Nonpoint Source Controls, Final Report, 1988).

Despite a great deal of research dealing with NPS loading, nutrient

sorption, and eutrophication, as of October 1988 one of the major concerns of

the EPA (region 10) was the inadequacies of water quality monitoring
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particularly when the program addressed NPS control. The traditional

monitoring of physical and chemical characteristics of waters has often been

unsatisfactory in evaluating NPS pollutants due to their diverse nature and

loading (Effectiveness of Agricultural and Silvicultural NPS Controls, 1988).

Currently, within the state of Oregon, there is a great deal of concern over

the NPS loading of phosphorus and its role in the eutrophication of certain

surface waters. The Oregon Department of Environmental Quality (DEQ) is

monitoring phosphorus as the main contributor to the process of eutrophication

and the "water quality limited" status of these affected streams and rivers and

plans to mitigate this process on the management level with the eventual

establishment of a total maximum daily load (TMDL) and waste load allocations

(WLA's). The Environmental Quality Commission's (EQC) TMDL concept would

set a maximum, in-stream concentration (or capacity) that would be allowed at

any given point with respect to a specific type of land use during summer low

flow periods (May 1 to Nov.15).

Before a body of water can be designated water quality limited its status

must be verified with data to the DEQ and it must be determined if the full

range of treatment strategies have been applied to point sources of pollution in

the watershed. Once this has been done the water body is given a water quality

limited status. For example:

(d)(1)-subject to the establishment and enforcement of TMDL's.

(d)(3)-very high priorities, but, TMDL's are estimated for these waters and
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serve only as informal guidelines.

According to the 1988 Oregon Statewide Assessment of NPS of Water

Pollution there are 112,600 perennial and intermittent streams in the state of

Oregon and 15,415 of those have NPS problems. Of those streams with NPS

problems, 11 percent are rated "severe" by observation and 14 percent are

rated "severe" by data. An additional 20 percent are rated "moderate" by

observation and 10 percent are rated moderate with data. There are 9,500 mil

of shallow groundwater aquifers in the state of Oregon that could also be at risk

from certain NPS pollutants.

Recently, serious decline in water quality in the Yamhill basin led the DEQ

to place the Yamhill River on its water quality limited streams list along with the

Tualitin River that lies to the north. This deterioration in surface water quality

has necessitated the need for intensive monitoring and the location and

quantification of the contributions of phosphorus by the various types of land

use in the basin, as well as current background levels.

In 1988 the Yamhill Soil and Water Conservation District (YSWCD) began

sampling three tributaries of the Yamhill River(Baker, Palmer and Deer Creeks),

for nitrogen, phosphorus, fecal coliform, biological oxygen demand, and pH.

Phosphorus, however is the main concern as it is one of two limiting nutrients

to freshwater phytoplankton growth, the leading indicator element for water

quality and is, therefore, usually considered the most important nutrient (Dillon

and Kirchner, 1975; Powers et al., 1970; Schindler, 1974; Newbold et al.,
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1983). Although phosphorus is thought to be readily "fixed", and thus relatively

insoluble and quite immobile, the current levels from both natural and

anthropogenic sources seem to be higher than would be expected from the

majority of the literature.

Objectives

In 1988 we began sampling the Baker creek drainage in much greater

detail for the temporal and spatial distribution of soluble and total phosphorus.

Baker creek was chosen for its excellent delineation between the various land

uses of forestry, pasture/dairy, agriculture (row crop and grass), and urban and

recreational uses. Our goal, in this study, is to answer five basic questions:

What are the main sources of the phosphorus?

What are the relative amounts contributed to the stream by various land

uses?

What are the natural or background levels of phosphorus?

How is the phosphorus distributed between soluble and total forms?

Which stream segments are directly influenced by any particular land use?

To accomplish this we began a much more intensive sampling regime,

sampling fifteen to twenty-four sites over 18 kilometers of stream, beginning at

the headwaters of Baker creek and concluding at the city of McMinnville, in

order to isolate the various types of land use as well as any potential point
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sources. We measured intensively during the low flow period from May 1st to

November 15th and monthly during high flow (November 16th through April

30th). We used a Geographical Information System (GIS) to digitize the soils,

topography, and land use to provide an integrated data base for the Baker

Creek drainage basin. We have also used the GIS system to relate the specific

land use-soils polygons to each segment of the stream through specific

drainage nets derived from the digitized topographical overlays. This

information will be useful in helping to develop Best Management Practices for

various land uses, on various soil types, that will, theoretically, minimize the

phosphorus loading into Baker Creek.
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LITERATURE REVIEW

Phosphorus

Phosphorus (P) is a nonmetal element with atomic number 15. It is found

in the periodic group 6A and is similar in chemistry to nitrogen (N), arsenic and

silica, and like N it has an oxidation state that ranges from -3 to +5. While no

terrestrial process is responsible for the amounts of phosphorus contained

within the planet, its distribution in the lithosphere is a function of magmatic

processes whose products are eventually acted upon by physical and chemical

weathering and biological processes, all of which are affected by temperature,

physiography and hydrologic condition. When P reacts in the presence of

oxygen and water it tends to form phosphates (P043), thus in natural systems P

occurs almost entirely as phosphate and occurs in all known minerals as

orthophosphate, whose form and valence is P043 (Holtan et al., 1988).

Phosphorus has only one stable isotope and, in both solids and solution, exists

in only one oxidation state (Stumm and Leckie 1971). The P043 anion has a

radius of 0.29 nm and a surface area of 0.26 nm2.

There are other forms of phosphates that contain P in its +5 oxidation state

and are also phosphoric acids such as H3PO4, H4P207, and (HP03), so the

prefixes ortho, pyro and meta are used respectively (Brown and Lemay, 1977).
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Orthophosphate is one of the main forms of interest to us, due not only to its

predominance in nature, but, also its percentage of the total soluble P fraction

and its potential for biological uptake.

Concerns and Problems

There is a great deal of variance in the current literature as to the amounts

and forms of P loaded into surface and ground water with respect to any

particular background level or land use, but, it is well known and accepted that

P is a critical and limiting nutrient to freshwater algae and bacteria (Powers et

al, 1970; Newbold et al.,1983; Schindler, 1974) and in sufficient concentrations

can greatly accelerate algal blooming and the process of eutrophication (Ryding

and Rast, 1989).

Excessive blooms of algae can directly affect pH and dissolved oxygen

levels to the point of altering the aquatic environment in a way that can create

substantial negative impacts on water chemistry, aquatic life, fishability and

even smell and appearance.

Although only a small percentage of the earth's P is concentrated in

deposits of phosphate minerals (Brink, 1978), the mining of phosphate rock has

been practiced since 1845 and the world's production and use of phosphate

has increased from approximately 12 million tons in 1940 to 120 million tons in

1979 (as cited by Holtan et al., 1988) and the U.S. Bureau of Mines has

calculated that the consumption of P will reach approximately 300 million tons
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by the year 2000 (McClellan and Hignett, 1978). Its use should continue to

increase in proportion to human population since it is a critical plant nutrient and

is used extensively in agriculture, the production of detergents and fabric

treatments, toothpaste, pharmaceuticals and a variety of other industrial and

water treatment uses. The loading of P to ground and surface waters and the

potential for water quality limited problems could, also, be expected to increase

proportionally.

Even though P is supplied to water bodies from undisturbed systems by

natural processes, at excessive levels it is considered a nonpoint source (N PS)

pollutant, due only to its capacity as a limiting nutrient for freshwater algae and

higher aquatic plants. P has no known negative chemical impact outside of its

capacity to stimulate unwanted growth in freshwater algae and bacteria and is

an essential element in all living cells.

Phosphorus is also of prime importance from the concept of controllability.

This is of paramount importance in developing management strategies for the

control of eutrophication (Ryding and Rast, 1989) and it has been suggested by

Golterman (1975) that it is not so important whether phosphorus is the limiting

nutrient in any given situation, but, the importance is that "it is the only essential

element that can easily be made to limit algal growth". There are others,

however, who conclude that the management of surface waterbodies by the

control of P alone is unrealistic (Lund, 1974; Schindler, 1974).
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Phosphorus In Nature: Geology/Soil/Water

Geology

In the earth's crust P is the eleventh most abundant element estimated in

concentrations, on the average, of 0.1 per cent by weight (Brink, 1978). The

total amount of phosphorus in the lithosphere is estimated on the order of 1015

metric tons and is predominantly in the form of various apatites. The general

formula for apatite is M10(PO4)6X2 with the mineral M usually being calcium and

the anion X commonly being flourine. Aside from fluorine (F), the anion may

also be chloride (Cl), hydroxide (OH) or carbonate (CO3 2), composing the four

main species of apatites; fluor-, chloro-, hydroxy- and carbonate apatite (Paul

and Clark, 1989). Numerous combinations and replacements readily occur and

therefore, there is a tendency for phosphates to react and form independent

minerals even at low concentrations. To date more than 200 natural

phosphates have been described, with as much as an estimated 95 percent of

phosphorus occurring as apatite, a very common mineral in the majority of rock

types (McKelvey, 1973).

There have been comparisons made between igneous and sedimentary

geology with respect to relative amounts and contributions of phosphorus to

streams as well as different types of land use on similar geology and

physiography.

In certain areas where there are ores, apatite in igneous and metamorphic
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rock contains up to 18 percent P, but, is usually lower than 12 percent. In

sedimentary phosphorites the content is usually under 15 percent (Brink,1978).

The phosphorus content of phosphorite deposits (a sedimentary deposit) may

be greater than 13 percent. The largest and most concentrated deposits of

phosphate have been "formed in marginal troughs in areas of upwelling deep

ocean waters", and over time have supplied approximately 80 percent of the

phosphate produced, as compared with 15 percent contributed from igneous

and sedimentary deposits combined (McKelvey, 1973).

Golterman (1973) found that phosphate occurs in igneous rocks in

concentrations ranging from 0.07-0.13 percent, with "volcanic rocks" being

intermediate in concentrations while sedimentary rocks are usually the highest

in concentrations of phosphate (phosphate, in all cases, being in the form of

apatite).

In a classic study and literature review on geology, land use and P export,

Dillon and Kirchner, (1975) found the mean export of P between an igneous

forested watershed and a sedimentary forested watershed, significantly different

at the 99.9 percent confidence level. In combining watersheds of plutonic

origin, from literature and their study, a mean export of 4.7 mg/m2/yr was

calculated as compared with a value of 72 mg/m2/yr from forested watersheds

of volcanic origin; an increase of 15 fold. In comparing total P export from

forested watersheds on sedimentary geology as compared to those on igneous

material, they calculated that the amount of total P exported from the
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sedimentary watersheds was two fold greater than the amounts exported from

the igneous watersheds. Dillon and Kirchner, therefore, concluded that geology

as well as land use and population density are better for predicting P export

than soils, or at least the soil classification scheme used by Vollenweider

(1968).

In studying the chemistry of streams draining volcanic landscapes on Costa

Rica's Caribbean slopes, Pringle et al., (1990) have reported extremely high

ambient P levels (both soluble and total P levels). In sampling six pristine

drainages between 35m and 350m elevation, levels of soluble reactive P (SRP)

were found to range between 60-300 ug/L and total P (TP) concentrations were

between 66-405 ug/L. Other undisturbed sites within this elevation range were

found to have SRP concentrations less than 30 ug/L.

In the state of Oregon, five watersheds in the Cascade mountain range

were studied by Fredriksen (1975). He found that annual loads of both total

and orthophosphate were highest from watersheds with parent material rich in

volcanic tuffs, while watersheds with a mix of volcanic tuff and basalt displayed

intermediate loads and, watersheds with a mixed parent material of basalt and

andesite yielded the lowest annual loads.
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Phosphorus in soils

It is estimated that on a world wide basis 96-160 x 1012 kg of P is

contained in the soil, by far the largest, non-marine, reserve (Bolin et al.,1983).

See table 1. Phosphorus concentrations in the majority of soils range between

90 and 2225 lb/A (101 and 2493 kg/ha) with an average of 890 lb/A (997 kg/ha)

in the upper eight inches of soil (Tisdale et al.,1985).

Table 1. The Major Terrestial Reservoirs of Phosphorus

Reservoir Total P (x 1012 kg)

Land: Soil 96-160

Mineable rock 19

Biota 2.6

Fresh waters (dissolved) 0.09

Ocean: Sediments 840,000

Dissolved (inorganic) 80

Detritus (particulate) 0.65

Biota 0.05-0.12
rom Bolin et at. (1983)

Phosphorus exists in soils in a number of inorganic and organic forms and

may be; i) physically or chemically sorbed to primary soil particles and organic

matter, ii) in solution in soluble organic and inorganic froms, iii) precipitated

from solution by the reaction of two or more chemical species forming a new

solid phase compound, iv) immobilized by microbial populations and higher
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plants.

Both organic and inorganic forms of P are ubiquitous in soils and are

classified as organic or inorganic relative to the chemical compound with which

the P occurs. The amounts can vary greatly, as the organic P content of soil

will generally range from 20 to 80 percent of the total and is often found to be

greater than 50 percent (Brady, 1974; Fares et al., 1974). The organic and

inorganic forms may both be available to microbes and higher plants and their

consideration is important.

Inorganic Forms and Availability

Inorganic forms of P can occur in combination with calcium, iron, aluminum,

fluorine, and numerous other elements, but, generally fall into two categories; i)

those containing calcium, and, ii) those containing iron and aluminum (Brady,

1984). The most insoluble compounds are the apatite minerals and these are

found even in extremely weathered soils and this is taken as evidence of their

stability (Table 2). The simpler calcium phosphates are relatively soluble, but,

are found in small amounts due to "fixation", or the reversion to sorbed or

insoluble forms. There is also a large number of inorganic precipitates formed

in the soil from the addition of P fertilizers.
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Table 2. Inorganic Calcium-Phosphorus Compounds Frequently Found in Soils.

Compound Chemical Formula

Flour apatite

Carbonate apatite

Hydroxy apatite

Oxy apatite

Tricalcium phosphate

Octacalcium phosphate

Dicalcium phosphate

Monocalcium phosphate

3 Ca3(PO4)2CaF

3 Ca3(PO4)2CaCO3

3 Ca3(PO4)2Ca(01-1)2

3 Ca3(PO4)2Ca0

Ca3(PO4)2

Ca8H2(PO4)6.5H20

CaHPO4.2H20

Ca(H2PO4)2

V- rom Brady (1984) and listed in or er o increasing solubility.d t

Organic Forms and Availability

Although organic P usually comprises 30 to 50 percent of the total P, it has

been found to be as low as 5 percent and as high as 95 percent (Paul and

Clark, 1989). While many forms of organic P are not yet known, there are

three main forms found in biological systems that are also found in soil; i) phytin

largely as inositol phosphate as well as its derivatives, ii) nucleic acids and, iii)

phospholipids. Phytin is the largest fraction of soil organic phosphorus, but,

usually comprises no more than 30 to 40 percent of the total organic fraction.

Nucleic acids and phospholipids, together, comprise only 2 to 4 percent of the

total organic fraction, and combined with the phytins, this leaves 56 to 68

percent of the organic P fraction unidentified (Brady, 1984).

Phytin, largely as inositol phosphate is synthesized by microorganisms and

plants and is the most insoluble organic form. The compound inositol is similar
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to some sugars with C61-11206 as its basic chemical formula and can react to

form phosphate ester compounds from monophosphates to hexaphosphates

(Tisdale, Nelson and Beaton, 1985). In 49 different Iowa soils phytin was found

to account for 17 percent of the total organic P, with values ranging between 3

to 52 percent. This study concluded that at least one half or more of the total

organic P fraction in soils has not been identified (Paul and Clark, 1989).

Ribonucleic and deoxyribonucleic acids occur in all living things and various

derivatives are found in the soil as well. The isolation of pure nucleic acids

from soil has been impossible and measurement has been indirect, based on

amounts of nucleotides or derivatives. Interestingly, it was previously thought

that at least 50 percent of the organic P content of soil was in the form of

nucleic acids (Tisdale et al.,1985), now, less than one percent can be identified

to be nucleic acids or their derivatives (Paul and Clark, 1989).

Phospholipid P occurs as "actual or potential esters of fatty acids

containing phosphorus" (Tisdale et al.,1985). Phosphatidylcholine (lecithin) and

phosphatidylethanolamine are the most common phospholipids in soil. Values

of phospholipid P ranged from 0.2 ppm to 14 percent of the total P fraction in

Canadian soils (Tisdale et al., 1985), while Paul and Clark (1989) give

concentrations in soil of only 1 to 5 ppm. These compounds are easily

decomposable and while mean residence time for some organic P forms has

been estimated to be 350 to 2,000 years, these particular compounds are short

lived (Paul and Clark,1989).
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Phosphorus in Soil Solution: Mechanisms and Dynamics

Phosphorus solubility is a complex phenomena, influenced by pH, redox

potential and various metals. Brady (1984) lists six factors that determine the

availability (solubility) of inorganic soil P. These factors are: i) soil pH, ii)

soluble iron, aluminum and manganese, iii) the presence of minerals containing

iron, aluminum and manganese, iv) available calcium and calcium minerals, v)

the amount and decomposition of organic matter and, vi) the presence and

activities of microorganisms.

The amount of P in solution in various soils is rarely found outside the

range of 0.1 to 1 ppm as the SP will quickly equilibrate with the labile P fraction

(Paul and Clark,1989). The concept of an equilibrium phosphorus concentration

(EPC) has been demonstrated in a variety of surface and sub-soil mixtures

(Taylor and Kunishi, 1971). A number of studies have focused on the dynamics

of P desorption from the solid phase (Sharp ley et al.,1981; Barrow, 1979) and P

supply characteristics of a variety of soils (Kovar and Barber, 1988). All of

these studies demonstrate an equilibrium behavior between the solid phase and

the soil solution.

The EPC and the concept of buffering capacity are important indicators of

the dynamics and behavior of P at the particle - soil solution interface. The

EPC is strictly defined as the concentration of P in solution at which there is no

adsorption to the solid phase, or desorption from the solid phase to the soil

solution. Sorption curves (change in amount of P sorbed vs. varying soil
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solution concentrations) readily indicate the EPC value which is found at the

intercept of the zero sorption value through the curve from the initial solution

concentrations. The slope of a tangent to this curve indicates the relative

amounts of P that must be sorbed or released for the soil to reequilibrate to the

determined EPC and indicates the capacity of the soil or sediment system for

"buffering" the dissolved P in solution. This is referred to as the buffering

capacity and need not be related to amounts of P adsorbed to the solid phase

or the amounts in solution. Due to differences in physical and chemical

properties, two different soils may have the same EPC value, but, different

slopes of the sorption curves, ie., different buffering capabilities (Taylor and

Kunushi, 1971). In studying different soils under varying moisture contents and

solution P concentrations, the authors also found that some high phosphate

soils "have a considerable capacity remaining for adsorption of phosphate" from

water containing high levels of phosphate (600 ug/L).

The concentration of P in solution is also facilitated by soil organisms due

to their production of organic acids and evolution of CO2 which will affect the

labile P, as well as their mineralization of organic P (Paul and Clark, 1989).

Phosphorus in soil solution is commonly found in the form of

orthophosphate (inorganic), organic polyphosphates and other organic

compounds as well as inorganic polyphosphates dissolved in the aqueous

phase. Both of these forms may be involved in sorption processes as well as

chemical transformations (Holton et al.,1988). Inorganic orthophosphate ions
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occur in the oxidized forms of HP042, H2PO4-, or H3PO4 (orthophosphoric acids)

depending upon the pH of the system and are the forms most biologically

available (Morris,1980). Condensed organic phosphates are generally unstable

in solution and may be hydrolysed to inorganic orthophosphate by biological

(enzymatic) and chemical reactions (Lean, 1973).

Sorption - precipitation

Phosphorus in solution may undergo biological immobilization -

mineralization phenomena, as well as sorption desorption and precipitation

dissolution reactions with various soil components; reactions that are not well

understood. A paper by Goldberg and Sposito (1985), notes the controversy in

soil science over the specific chemical mechanisms that are responsible for the

adsorption of orthophosphate by soils and although it is thought that adsorption

to hydroxylated mineral surfaces occurs by ligand exchange, the data are not

conclusive overall".

Sposito (1989) defines adsorption as "the net accumulation of matter at the

interface between a solid phase and an aqueous solution phase" and "differs

from precipitation because it does not include the development of a three

dimensional molecular structure". Sorption can be physical sorption, where the

ion is attached by steric or electrostatic effects and is quite reversible or,

chemisorption where the soluble species can be attached by covalent chemical

bonding and may be partly or completely irreversible (Stumm and Morgan,
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1981; Holtan et al.,1988). Many have drawn the conclusion that sorption is the

more dominant mode of retention (Holtan et al., 1988; Brady, 1984; Tisdale et

al., 1985).

Given the variety of soil components and their interactions, it is difficult to

separate all the reactions controlling the sorption of phosphate. In light of this,

studies have been made on specific components of the soil such as the clay

minerals or the hydroxides and oxides of various metals (Holtan et al.,1988).

The soil can be divided into components of "constant charge", such as the

clay minerals, and those of "variable charge", such as soil organic matter,

calcite, kaolinite (also a clay mineral), allophane and oxides of iron and

aluminum (Tisdale, 1985).

The interactions between the phosphate ion and the cations control! the

sorption of phosphate in the constant charge components (the crystalline clays).

An "increase in cation exchange capacity" (CEC) has been observed after the

addition of P (Sample, 1980), and the divalent cations have a greater effect on

P retention in comparison to the monovalent cations. It has been found that P

is sorbed to a greater degree by the 1:1 clays, but, these are also associated

with increased amounts of hydrated iron and aluminum oxides (Tisdale,1985).

The soil solution will also contain a number of metallic ions that are

capable of complexing with the orthophosphoric acid forms, creating soluble

metallic-phosphate complexes which can make up a large part of the soil

solution P. Orthophosphate ions can also react with insoluble hydrous oxides
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of iron and aluminum and these oxides are amphoteric, having a positive

surface charge at low pH and a negative surface charge at high pH. The point

of zero charge (PZC) occurs at pH 8.5 for aluminum oxides and pH 9.0 for iron

oxides while the PZC for kaolinite is at a pH of approximately 7.0. Acid soils

show increasing sorption and/or precipitation of P and the reactivity of ligand

exchange with these hydrous oxides is greater for the aquo groups as opposed

to hydroxo- or -ol groups. Sorption by exchange of aquo groups adds negative

charge to the surface, but, does not increase hydroxyl ion concentration in

solution, whereas the exchange with hydroxo groups has just the opposite

effect. Due to resulting sorption isotherm data for alumino-silicates and hydrous

oxides, the mode of sorption, at lower concentrations, is very similar for both

mineral groups (Berkheiser et al.,1980; Sample et al.,1980). The amounts of

these hydrous iron and aluminum oxides increase in old, weathered soils and

can occur as discrete particles or as coatings on various soil particles

(Tisdale,1985). In a study by Ryden and Pratt (1980) it was found that

crystalline iron and aluminum hydrous oxides could sorb five to ten times as

much P as crystalline aluminosilicates and calcium carbonates.

Ballard and Fiskell (1974) looked at the surface horizons of 42 soils from

the southeastern U.S. for P retention capabilities. Soil properties such as

percent clay, percent silt and pH were significantly correlated with P retention,

but, except for pH the correlation was indirect due to relationships with

extractable aluminum. Using multiple regression analysis for P retention on
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various forms of Al and Fe, it was found that on a unit weight basis with respect

to P sorption: exchangeable Fe and Al > amorphous Fe and Al > crystalline Fe

and Al. The authors, also, felt that due to the amounts of overlap in the

sorption capacities of these soils, broad classifications of P sorption capabilities

by soil orders are impractical, although the Spodosols formed a distinctive

group with low sorption characteristics.

Redox potential

In general, the sorption of phosphate is proportional to the redox potential,

decreasing with decreasing potential. It has been found that a reducing

environment can release sorbed P into solution. It has also been shown that

soils previously in a reducing environment have demonstrated great phosphate

sorbing capacity due to the creation of amorphous oxidized Fe compounds

(Stuanes, 1982).

Temperature

P sorption can be affected by temperature, but, the effect is minimal within

temperature changes of just a few degrees. An increase in temperature of 15

to 20 degrees C, however, can increase the maximum sorption capacity by 10

to 20 percent (Berkeiser et al., 1980).

Sah and Mikkelsen (1986) found that increasing temperature as well as

prior flooding of the soil decreased the soluble P fraction in four California soils.
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Beaton and Read (1963), working with calcareous Canadian soils, found a

decrease in availability of fertilizer P to plants as the incubation temperature

was increased before planting.

Barrow (1979) found that an increase in temperature facilitates the

transformation of sorbed P to a more firmly chemically held form, decreasing

the soil solution P and/or the EPC of the fertilizer P in the soil.

The rate of transformation of P from the sorbed form to the firmly held, or

chemisorbed, form is reportedly 40 times greater at 62 degrees C than at 25

degrees C. Barrow and Shaw (1975), using the Arrhenius equation, found that

an increase in temperature of 10 degrees C may cause a three fold increase in

the rate of this process.

Organic matter

The presence of organic matter can show contradictory effects on the

sorption of phosphate. Both organic and inorganic ions can interfere in the

sorption of phosphate. Humus, alone, is not considered to be able to sorb

much P due to the fact that it is also negatively charged, but, in the presence of

various metal cations it has been shown to sorb much larger amounts of P

(Wild, 1950). With respect to any given conditions organic matter may either

sorb phosphate or block the sites for sorption, its behavior being primarily,

dependent upon the pH of the system (Stuanes, 1982). Mnkeni and MacKenzie

(1985), studying the retention of ortho-P and polyphosphates in Canadian soils
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(Quebec), found that the addition of organic materials such as manures and

plant residues decreased the retention of P due (presumably) to competition for

the various sites of retention within the soil.

Phosphorus in soils with volcanic influences

The dynamics of the various P fractions may be very different in soils that

have been influenced by volcanic materials. In a comparison of soils from

Oregon, Arizona, Iowa, Australia and Ghana, it was found that some of the soils

from Oregon had extremely high amounts of total P as compared to the others

(Brady, 1974). In an examination and comparison of "hill soils", "old valley-

filling" soils and "recent valley soils" from Western Oregon, it was revealed that

some of the soil series contained large amounts of inorganic and organic P. It

was reported that the Sifton series, a gravelly silt loam, contained as much as

2,720 ppm total P and 1,945 ppm inorganic P and 775 ppm organic P

(Bertramson and Stephenson, 1941). The soil survey does not indicate that

this particular series is influenced by volcanic activity, but, the moist bulk

density values were much less than 1 g/cm3 and ranged from 0.70 to 0.85

g/cm3 in the upper 76 cm of soil which would indicate volcanic influence. In a

paper on the characteristics and genesis of the Powell series and related soils

of northwestern Oregon, (Whittig et al., 1957) noted that the classification of

"several soils of the foothill and inter-mountain region between the Coast and

Cascade ranges of northwestern Oregon has been in doubt". The authors also
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state that "Field observations in recent years have led to the postulation that the

parent material for many of these soils includes loess and volcanic ash". The

soil survey does not indicate any volcanic influence on the Powell soil series,

but, like the Sifton series it contained well over 1,000 ppm of both inorganic and

total P.

Soils that have formed from volcanic ash or have properties and

characteristics associated with volcanic ash are defined as Andisols.

"Extensive belts" of these soils are found in the Pacific "ring of fire", including

the Pacific Northwest. These particular soils may display large ranges in

chemical characteristics and may be found on any geomorphic surface or

topology due to their formation from air-borne material. As molten material

quickly cools after ejection, developed, crystalline structures are unable to form.

The vitric materials that do form are very soluble and the resulting dissolution

compounds have Si02/A1203 ratios between 1 and 2 and are referred to as

allophanes and are amorphous in structure. During the formation of

allophanes, Fe, Al and organic complexes may result. Due to the abundance of

unweathered materials these soils may be very fertile. It is noted that alluvial

valleys found in areas of Andisols (such as the Willamette Valley in western

Oregon) are often extremely fertile. Although some Andisols are excellent for

farming, others are "infamous" for their ability to sorb P in forms unavailable to

plants. The highest P sorption is found in Andisols that are fine textured with

high Al to Si ratios. It is believed that the high sorption potential is due to Al,
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present in abundance with Si in the amorphous volcanic material (Buol et al.,

1989). With respect to this information, it would be reasonable to expect high P

concentrations, buffering potentials and EPC values within certain soils located

in various parts of the Pacific Northwest.

Phosphorus in freshwater

Definitions

Any discussion on phosphorus in an aquatic environment must begin with

the various forms and their definitions. The literature over the last two to three

decades, regarding the terminology of the various forms of P in freshwater and

the measurement of these forms, can be quite confusing. Various terms such

as soluble reactive P (SRP), ortho P, molybdate reactive P, PO4-P, soluble P

and, soluble inorganic P have been used interchangeably to refer to the same

form(s) and, have been determined analytically from a variety of techniques that

may or may not yield comparable, reproducible numbers.

Rig ler (1973) has given a simple and excellent scheme. Initially, the

freshwater P is divided into two distinct fractions, soluble P (SP) and particulate

P (PP). The soluble P fraction is that fraction which can pass through a .45 urn

filter, while that retained is considered the particulate fraction. It is worthwhile

to note that this is from definition only and not a physically or chemically exact

parameter.

Holtan et al., (1988) note that much of the sediment in streams is of
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pedologic origin and the terminology for soil and sediment systems can be

interchangeable. The soluble forms are the same as those noted for the soil

solution; inorganic orthophosphate and polyphosphates as well as other organic

compounds. The particulate forms were divided into the most "environmentally

significant" groups, which were labeled: i) adsorbed or exchangeable P, ii)

organic P (which is found, predominantly, in particulate matter), iii) various

precipitates; P reaction products with Ca, Al, Fe and other cations, and, iv)

crystalline minerals and amorphous compounds. Hieltjes and Lijklema (1980),

on the basis of various extraction schemes, further separated particulate P by

separating the inorganic particulate P fraction into; i) loosely bound P

(ammonium chloride extraction), ii) Fe and Al bound P (sodium hydroxide

extraction), iii) calcium bound P (hydrochloric acid extraction), and, iv) "rest P"

(organic and inert P found only by difference).

Both organic and inorganic P forms can undergo transformations,

influenced by their concentrations and the chemical and physical environment,

but, it is the transformations of the soluble and labile P fractions that are often

considered the most important, due to the potential biological availability of

these particular fractions. Schaffner and Oglesby (1978) defined "biologically

available P" as soluble reactive P (SRP), soluble unreactive P (SUP) and labile

(exchangeable P sorbed to soil particles) P. This concept is common in more

recent literature.
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Sources of P in Freshwater and Terrestial Systems

The input of P in freshwater systems originates from various nonpoint

sources such as geological substrata, soil, precipitation, vegetation and

nonpoint anthropogenic input as well as some point sources, such as industry

and sewage treatment facilities. The amount of input from these nonpoint

sources is a function of geochemistry, soil composition, climate, hydrological

conditions, temperature, physiography and vegetation types and amounts

(Holtan et al., 1988; Ryding and Rast, 1989; Frevert, 1979).

Anthropogenic contributions/land use

Urbanization

A human adult can excrete 1.5 g of P per day (Jenkins and Lockett, 1943).

In the United States, Jones et al., (1979) have estimated the production of P at

up to 1.5 kg per capita per year including that released by synthetic detergents.

This waste water is generally released into streams and rivers after primary,

secondary or tertiary sewage treatment. Thus many studies have found

urbanization, development and the percentage of land under this type of use, to

noticeably contribute to the loading of P into surface waters due to point source

sewage treatment as well as NPS septic systems (Dillon and Kirchner, 1974;

Thomas et al.,1990; Johnson et al.,1976; Ryding and Rast, 1989; Omernik,
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1977).

Lake Washington, located in the Seattle metropolitan area, had severe

problems with phytoplankton blooms which were attributed to sewage input.

The lake has recovered substantially, but, only after the complete diversion of

the sewage that was entering the lake (Edmondson, 1972).

Smart et al. (1985) determined mean nutrient concentrations in streams

that drained various land uses in the Ozark Mountains in Missouri. They found

that the highest value for total P (106 ug/L) occurred in streams draining

watersheds under urban land practices, while the lowest total P value (20.3

ug/L) occurred in streams draining only forests.

Dorich et al. (1984) found that sediment samples affected by septic

effluents were higher in certain P fractions than samples that contained

suspended sediment from cropland.

Sartor et al. (1974) found elevated concentrations of various chemicals in

urban influenced streams due to: i) man induced nutrient inputs, ii) impervious

surfaces and iii) decreased contact time between water and soil during runoff.

Cahill et al. (1974), sampling the Brandywine River Watershed in

southeastern Pennsylvania and Delaware, found that total P lost in runoff was

much greater from the lower, urban-influenced portions of the watershed than

the upper portions, which were predominantly under agricultural practices.

In Norway, for the years 1984 to 1985, 350 tons of P were produced by

industry compared to 3600 tons from household origins (cited in Holtan et al.
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1988).

Agriculture

Although there is some discrepancy in the literature, agricultural activity is

often considered a major source of P contribution to surface waters due to the

application of P fertilizers and manures (Holtan et al.,1988).

Ahl and Ogden (1975) working in Sweden calculated a 0.4 percent loss of

P from agricultural lands, while in Norway Berge et al. (1979) calculated a 2.5

percent loss of the P applied in chemical fertilizers. Johnson et al.(1976)

looking at a watershed in central New York found that less than 1 percent of

the P applied in chemical fertilizers and manures was lost from the watershed

in the dissolved form. Twenty percent of the soluble P lost from this particular

watershed was due to "diffuse sources associated with farming". It has been

shown that, in general, less than 15 percent of the P applied as fertilizer is

taken up by the crop the first year of application (Brady, 1984).

Taylor and Kunushi (1971) found that streams draining agricultural regions

yielded values of dissolved P in the range of 30 to 60 ppb except near a pig

farm where the concentration of soluble P was 70 ppb. These numbers are

high compared with the majority of literature.

Dillon and Kirchner (1974), studying 34 watersheds in Southern Ontario,

found that agriculture greatly increased the export of P in comparison to forest

land. Sussman (1983) studying sub-basins of the Reiherbach basin in
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Germany also drew the same conclusion, as did Omernik (1977) who sampled

over 900 points in the contiguous United States.

There are, however, contradictory results. Thomas et al. (1990) studied

seven streams in Kentucky over a twenty year period and found that high-

phosphate limestone parent material yielded water that was quite high in

phosphate and that agricultural activities had "no measurable effect" in this

region. The authors concluded that it is the geology of the region, along with

domestic waste that accounted for the P and nitrogen levels in these streams

and not current fertilizer and farming practices, which was the assumption.

Klotz (1985) looked at four streams in New York (two of which drained

agricultural areas; the other two drained forested areas) and measured P

limitation by the amount of alkaline phosphatase activity (APA). The streams

from the forested sites had higher APA's than the agricultural streams but the

"total reactive P" concentrations showed no difference between land uses.

Agricultural site #1 had the highest mean PO4 concentration (10.5 ug/L), but,

was followed by a forested site with a similar value of 9.6 ug/L.

Cahill et al. (1974), sampling a river system in Pennsylvania and Delaware,

found that only a "small fraction" of the nutrients applied by agriculture make

their way into the system. This was based on an inventory of the various

agricultural practices within the watershed.

Pastureland
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Much of the information on the effects of pasturelands on water quality is

generally included in agricultural influences. There are, however, a few studies

that allow these particular influences to be separated from agriculture in

general.

In recent decades there has been a tendency to produce livestock in ever

larger systems. The P from these manures and fertilizers may be incorporated

into plants, retained in the soil and/or lost in soluble forms to surface waters

(Holtan et al., 1988). Taylor and Kunushi (1971) looked at streams draining

agricultural regions and found the highest EPC values were in the stream

sediments below a pig farm and were, on the average, 10 to 40 ug/L greater

than the values found below areas of crop production. Reddy et al., (1980)

looked at P adsorption-desorption characteristics in two soils that had been

used for the disposal of animal waste. They conluded that the application of

animal wastes increased soluble P, acid-extractable P and soil EPC values.

The authors also concluded that the mineralization of organic P and the

production of organic acids during the decomposing of the manure were likely

mechanisms for the increases. Nagarajah et al. (1970) noted that some of the

organic acids produced can form stable complexes with Fe and Al and possibly

block their P retentive capabilities. Fox et al. (1990) also noted the ability of

certain organic acids to increase the release of P and Al and that it is the

carboxylic and phenolic functional groups that enable the acids to complex Al.
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Forestry

Background/natural levels of P

Phosphorus levels in streams draining forests are usually lower than the P

concentrations of streams affected by other land uses. Some studies have

focused on the nutrient levels in streams draining "pristine" or undisturbed

forested watersheds to obtain an idea of the natural (or background) levels of a

given chemical parameter before any anthropogenic influence. Although in

many areas of interest an undisturbed location may be difficult or impossible to

find, there have still been a number of these studies throughout the United

States and Canada.

In reference to instream P values, there is frequently tremendous variations

in concentration values. Various studies in western Oregon, including the Coast

and Cascade mountain ranges and the Willamette Valley, have yielded total P

values for "undisturbed streams" ranging from 8 ug/L in a Cascade stream to

4200 ug/L in a relatively undisturbed stream in the Willamette valley. The

summary below illustrates the tremendous variability found in different areas

with respect to P concentrations and export values.

In undisturbed forest systems, P has been found to be retained in the soil

or tightly conserved. Larson (1979) studied three watersheds on the Olympic

Peninsula, Washington state and found that both total and ortho-P were
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accumulating within the watershed, with the greatest amounts being retained by

the soil. Grier and Cole (1972), studying the distribution of P in the Washington

Cascades also found the overwhelming majority of the P to be in the soil as

opposed to forest litter, tree stands and other forest vegetation. From the

nature of these undisturbed Pacific Northwest forest ecosystems and current

literature we could reasonably expect low stream concentrations of P as well as

low export values, but, this has not always been found to be true.

Focusing to a greater extent on the regional data, we find that Whittier et

al., (1988) sampled eighteen streams (undisturbed where possible) in western

Oregon and found total P values as high as 300 ug/I in the Coast range, 100

ug/I in the Cascades and 4200 ug/I in the Willamette valley. These values are

extremely high and unprecedented in other literature focusing on the North

American continent. Taylor and Kunushi (1971), for example, found SP

concentrations of 70 ug/I within a stream below a pig farm.

There are several studies on undisturbed, forested sites in the Oregon

Cascade Range, but, minimal information has been obtained from the Oregon

Coast Range. Information concerning these regions is the most important with

respect to this study and a summary of concentrations and export values are

given below.

Oregon Coast Range

Norris et al. (1978), studying two undisturbed watersheds in the Siuslaw
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National Forest found annual total P values to average 35 ug/L within one

watershed and 78 ug/L in the other, with values ranging between 0 and 257

ug/L.

Brown et al. (1973), in a study on the Alsea watershed in the central Coast

Range, measured ortho-P concentrations for two years prior to forest harvesting

and found that concentrations ranged from 10 to 100 ug/L.

Oregon Cascade Range

Norris et al. (1978) also studied a tributary of the Blue River (located in the

central Cascades) for background total P levels and found an average annual

concentration of 50 ug/L with values ranging from 8 to 163 ug/L.

Aumen (1987, unpublished data), working in the Bull Run watershed in the

northern Cascades, evaluated annual averages of total and ortho-P from four

undisturbed sub-watersheds and found values of 5.8 ug/L total P and 3.3 ug/L

ortho-P. Total P export averaged 182.5 lbs/mi2/yr (0.32 kg/ha/yr).

Lamberti et al. (1988) in a study on channel geomorphology and particulate

matter retention in the central Oregon Cascades found ambient soluble reactive

P values (SRP = PO4-P) of 15 ug/L.

In the H.J. Andrews Experimental Forest in the central Cascades, Martin

and Harr (1988) studied two undisturbed basins and found an average

concentrations of, 22 ug/L ortho-P, 8 ug/L particulate P and 18 ug/L dissolved

organic P in the stream water column. The average annual export of total P
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was 342 lbs/mi2/yr (0.599 kg/ha/yr) while the net export of total P was 171

lbs/mi2/yr (0.299 kg/ha/yr).

Five undisturbed watersheds ranging in location from the northern to the

southern Oregon Cascades were monitored by Fredriksen (1975) for annual,

total P exports. The values ranged from 160 to 632 lbs/mi2/yr (0.280 to 1.107

kg/ha/yr). Ortho-P loads ranged from 10 to 487 lbs/mi2/yr (0.018 to 0.853

kg/ha/yr).

In the Deschutes River basin, on the east side of the central Oregon

Cascades, Andrus (1991) noted that in streams with no direct point sources of

P, total P concentrations were on the order of 30 ug/L or less.

Gregory et al. (1990) sampled six springs within the caldera of Crater Lake

in the southern Oregon Cascades and found SRP levels to range from 20 to 88

ug/L, while total P levels were found to range from 29 to 94 ug/L.

Nationally

Omernik (1977) sampled 41 forested watersheds in the contiguous United

States over a one year period and found an average ortho-P concentration of

10 ug/L with a range from 5 to 33 ug/L and an average total P concentration of

18 ug/L with a range from 5 to 53 ug/L.

In a literature review by Falter and Good (1987) it was noted that total P

export from undisturbed forest land in Idaho and Montana averaged only 18.4

lbs/mi2/yr (0.032 kg/ha/yr), with the lowest values found in Montana and the
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total range of export values encompassing 5.7 to 45.7 lbs/mi2/yr (0.010 to 0.08

kg/ha/yr).

Larson et al. (1979) found that streams draining three small pristine areas

of the Olympic Peninsula had annual total P concentrations of 21 ug/L for the

first year of the study and 34 ug/L during the second year.

Forest Practices and effects relating to P input

A number of studies have been conducted focusing on a variety of water

quality variables in relation to current forestry practices. Much of the current

literature is split on the hydrological and chemical effects that forest harvesting

practices have on stream water quality, but, some studies have noted changes

in streamflow, stream sediment levels, maximum stream temperatures,

dissolved oxygen and nutrients in streams draining particular areas of

management (Feller and Kimmins, 1979).

Timber harvests in the western part of Oregon, Washington and British

Columbia almost always entail the complete removal of trees (clearcutting),

sometimes over large areas, followed by the burning of slash, or forest

residues. Complete harvesting and subsequent slash burning create optimum

conditions for the replanting and regeneration of the forest, but, if not carefully

designed they can also affect such stream parameters as peak stream flows,

annual water yields, stream temperatures, pH, ion and nutrient content and
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dissolved oxygen, as well as the amounts of soil moved into the stream.

Watershed Studies

Although somewhat controversial, relationships between increases in peak

flow and total annual yield of water after timber harvests have been established

(Harr et al., 1979; Rothacher, 1973; Gessel and Cole, 1963). The relationship

of these parameters to P dynamics and the importance and potentials of this

relationship will be discussed later. (Refer to the section on discharge, pg.?).

British Columbia

Two studies in British Columbia monitored P concentrations in streams in

response to logging activity and found no significant increases. Feller and

Kimmins (1984) studied the effects of clearcutting and slash burning in two

watersheds near Vancouver, B.C. and found that ortho-P levels were generally

less than 20 ug/L and annual changes in streamwater ortho-P were less than

58 lbs/mi2/yr (0.10 kg/ha/yr) and streamwater export was considered to be zero.

Shortbreed and Stockner (1983) sampled a stream above and below

logging activity on the west side of Vancouver Island and found greater

variability in concentrations of dissolved P, but, found average concentrations to

be similar. Dissolved P concentrations ranged from 1 to 9 ug/L before logging

operations and ranged from 1 to 28 ug/L after logging.
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Washington State

In Washington state, on the Olympic Peninsula, Woolridge (1982) noted

that, with respect to timber harvesting, total P concentrations showed no

significant differences between pre-treatment and post-treatment.

Helvey et al., (1985) studied an area burned by wildfire in the north-central

Cascades in Washington state and conclude that the greatest loss of nutrients

occurred due to mass soil movement.

Oregon

In the state of Oregon, Tiedemann et al. (1988) studied four watersheds in

the Blue Mountains in the eastern part of the state and found that annual

concentrations of ortho-P increased significantly from 25 to 33 ug/L on three

harvested watersheds, even though partial clearcutting and burning and

selective logging practices were used. It was concluded that the increase was

due to the burning and not harvesting.

In two separate studies on the H.J. Andrews Experimental Forest in the

central Oregon Cascades, Martin and Harr (1989) found no significant change

in stream P concentrations and P export after various logging and burning

practices, while Fredriksen (1971) found annual loads of ortho-P increased by

as much as 280 percent after the harvested area was burned, although this

was thought to be, primarily, due to a 1.5 fold increase in annual stream

discharge.
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Grier and Cole (1971) found that P in soil solution was greater on sites that

were burned compared to those that were unburned and that the concentration

of P in leachates was higher from sites which were lightly burned as opposed to

sites that were burned hot.

Brown et al. (1973) found that timber harvesting and burning on the Alsea

watershed in the central Oregon Coast Range yielded no significant change in

ortho-P levels.

Atmospheric Inputs of P

Precipitation

In the last decade it has been demonstrated that precipitation can be a

source of nutrients, including phosphorus, and that there is a tremendous

variability with area and time, with the greatest values found in industrial and

agricultural regions and the lower values in the more remote areas (Holtan et

al., 1988).

Phosphorus concentrations in rainwater have been measured at 9 to 12

ug/L in winter months and 17 to 18 ug/L in summer months in the experimental

lakes area in Canada, with the total deposition to be 154 lbs/mi2/yr (0.270

kg/ha/yr) (Schindler and Nighswander, 1970). In a more recent study in

Canada, Schindler et al. (1976) found annual deposition to range between 137

to 303 lbs/mi2/yr (0.240 to 0.531 kg/ha/yr).

The lowest value for atmospheric input, in the current literature, was
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reported for Finland at only 34 lbs/mi2/yr (0.06 kg/ha/yr) (Jansson, 1977).

The most recent study on the U.S. reports atmospheric inputs of total P to

range from 57 to 263 lbs/mi2/yr (0.10 to 0.461 kg/ha/yr) (Ahl, 1988).

On a more regional level, Fredriksen (1972), working in the central Oregon

Cascades, reported ortho-P loading from precipitation to be 6 lbs/mi2/yr (0.011

kg/ha/yr) and the total P input to be 154 lbs/mi2/yr (0.270 kg/ha/yr). Martin and

Harr (1988), also working in the Oregon Cascades, reported an ortho-P

deposition value of 60 lbs/mi2/yr (0.105 kg/ha/yr).

Working in The Hubbard Brook Experimental Forest, New Hampshire, Meyer

and Likens, (1979) reported a weighted mean value for dissolved P in

precipitation of 4 ug/L.

Dust

Atmospheric deposition can also occur as particulate P attached to dust

particles. Fredriksen (1975), reporting on several small watersheds ranging in

location from the southern to northern Oregon Cascades, found that P inputs by

the deposition of dust was highly variable, with the greatest amounts sometimes

occurring in the wet season and ranging from 11 to 131 lbs/mi2/yr (0.019 to

0.229 kg/ha/yr).
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Phosphorus Partitioning

The components of a surface water system can generally be categorized

as; i) the stream or lake bed, ii) sediments, iii) interstitial water and, iv) the

water column. It is the interstitial P fraction that is considered the greatest in

chemical mobility and therefore the "most sensitive to environmental conditions"

(Syers et al., 1973). The concentrations of P in the interstitial water of lakes

may be five to twenty times greater than the concentrations in the overlying

water column (Bostrom et al., 1982), with the sediments acting as a regulating

mechanism.

Phosphorus in sediments and the interstitial environment

The relative amounts of the biologically available P fraction (the soluble and

labile fractions) are controlled by complex reactions at the sediment-water

interface, commonly known as the "phosphate buffer mechanism" (Froelich,

1988). This exchange is an extremely complicated phenomena and is

interfaced with biological, geochemical and physical processes, many of which

are poorly understood (Bostrom et al., 1988). This buffering mechanism is

important in the supply and maintenance of the soluble P fraction in the

interstitial water and the water column (Klotz, 1988; Meyer 1979; Taylor and

Kunushi 1971), restoring that which is removed by aquatic flora and fauna
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(Froelich, 1988). Thus, sediment and particulate P may act as large reservoirs

of P with the soluble forms being only a minute fraction of the total available P

(Sharp ley et al.,1978; Stumm and Morgan, 1970).

"Sediments may be regarded as liquids containing high concentrations of

solids" (Davison, 1982). In freshwater systems surface sediments often have a

water content of over 95 percent with only a minor fraction of this water bound

to solid chemical components, while the major fraction comprises the liquid

medium that surrounds the sediment particles (the interstitial water) and is the

medium for the exchanges across the sediment water interface (Enell and

Lofgren, 1988).

The nature and composition of aquatic sediments are determined by the

geological and pedologic sources of the sediment, as well as the chemical,

biological and physical environment in which they occur. Within these

sediments there can be found a vertical distribution of P characterized by the

history of the sediments and the nature of the authigenic and diagenetic

processes occurring within the sediments (Holtan et al.,1988).

Mechanisms Regulating P Concentrations In Surface Waters

Temporal changes in interstitial water chemistry in the surface sediments of

lakes are caused, primarily by microbial activity, but, the hydrological dynamics

of the system as well as climate (seasonal variations) can also exert a great
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influence. The various microorganisms will change their activities in response

to physical and chemical alterations in their environment. Changes in amounts

and types of organic matter, electron acceptors and temperature can alter the

redox potential and cause changes in the sorption characteristics at the

sediment-water interface, especially in an "iron-phosphorus" system, while at

the same time there may be a biological release or uptake with a corresponding

flux of P directed into or away from the sediments (Enell and Lofgren, 1988).

Sediments: EPC and buffer capacity

Since the source of all P is the physical and geochemical weathering of the

lithosphere and, since there is only one oxidation state for P in both solids and

solution and, there is no significant atmospheric input of this nutrient (unlike N),

the crux of the problem lies in the "characterizing" and understanding the

exchange between solid and solution (Stumm and Leckie 1971).

Efforts to correlate dissolved P with solid phase minerals in some type of

"solubility equilibrium" have been relatively unsuccessful and thus, there is no

accepted model to explain the inorganic controls on soluble P concentrations in

natural stream, river and limnic systems (Froelich, 1988; Syers et al., 1973)

The authigenic (within the sediment environment) formation of discrete P

minerals has been rigorously studied over time to investigate the assumption

that certain mineral species regulate the P concentration in the interstitial water,
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but, the "empirical" evidence for this type of buffering is inconclusive and

unavailable except for those mineral phases formed during a geological time

frame (Altschuler, 1973). Emerson and Widmer (1978) however, felt that the

formation of vivianite (an iron-phosphate having the empirical formula: Fe3(PO4)2

* 8H20) should be considered as a buffering system due to its relatively short

"response" time for iron-phosphate precipitation. Yet, in lakes, supersaturation

with respect to vivianite, as well as apatites, is often reported (Enell and

Lofgren, 1988).

Phosphorus is extremely "particle reactive" and the soluble phosphates will

react very quickly with a variety of solid surfaces, being sorbed and/or released

in complex reactions while, essentially, "playing hide and seek with both

plankton and experimentalist". This process is believed to regulate the

concentration of dissolved P at relatively constant values and has come to be

known as the "phosphate buffer mechanism" (Froelich, 1988). For, not only do

the sediments contain large, potential reserves of P that can be released to the

water column under certain chemical conditions, but, inputs of P to the water

column can be, alternately, taken up by the sediments, with variations in the

geochemistry of the sediments accounting for the differences in soluble

concentrations between different stream sites (Klotz, 1988). An important

concept in conjunction with the buffering mechanism(s) by the sediments is the

equilibrium P concentration (EPC), also sometimes referred to in the literature

as the "zero equilibrium concentration". The same definitions and concepts of
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the EPC and buffering capacity used in the treatment of P dynamics in the soil-

soil solution interface are completely consistent with the sediment-water

interface and are readily extrapolated to lotic systems and will not be redefined

in this section.

Klotz (1988), studying Hoxie Gorge Creek in New York to determine if

changes in streamwater SRP were related to changes in sediment EPC, found

that the concentrations of SRP in the streamwater were positively correlated,

spatially, with the EPC of the sediments at two different sites. In a later study

(Klotz, 1991) the author found that sediment EPC and SRP were also

correlated, positively, with temporal variations.

Meyer (1979), working in an undisturbed headwater ecosystem in New

Hampshire, looked at streambed sediments and Bryophyte communities with

respect to P dynamics. She found that the dissolved P concentration in the

stream was equal to the EPC for both silty and sandy sediments and after

experimental enrichment these sediments were active in removing P. The

author (Meyer, 1978), in an earlier study on the same stream, found the mean

EPC for seven different sandy sediments to be 1.5 ug/L and the mean EPC for

seven groups of silty textured sediments was 2.2 ug/L.

The mean dissolved P concentration in this particular stream was reported to

be 1.9 ug/L.
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Stream and Sediment Physical Parameters

It is accepted that the sorption of P increases with increasing surface area

of the soil or sediment particle (Froelich, 1988) and therefore the finer fractions

of soil and sediments are capable of greater sorption and retention of P (Holtan

et al., 1988). Meyer (1979) found that the fine-grained sediments sorbed the

greatest amounts of ortho-P in Bear Brook and Meyer and Likens (1979) found

that the greatest export of total P from Bear Brook occurred with the fine

particulate P fraction (FPP) defined as between .45 urn and 1 mm in size.

In two streams in Ontario Canada, Hill (1982) concluded that P sorption

was most likely associated with particle size even though they drained areas of

increased amounts of agricultural practices. Klotz (1985), also felt that fine-

grained sediments may have been responsible for the higher P sorption values

in the agricultural streams he studied in New York. Cooper and Gilliam (1986)

studied a mid coastal plain watershed in North Carolina and felt that textural

differences from the deposition of sediment particles accounted for a great deal

of the differences in concentration of total P.

Riparian areas may also play a crucial role in P dynamics in streams.

Cooper and Gilliam (1986) studied perennial streams in the Atlantic Coastal

Plain and found that the sediments between the stream and cultivated fields

have been sinks for P for the last two decades or longer, removing up to 50

percent of the P in the water draining cultivated fields. The ability of these
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riparian sediments to continue to be sinks for P is dependent upon the local

hydrology to deposit fresh sediments, unsaturated with P. With respect to the

previously deposited sediments, the EPC data indicated that they were

saturated with P and there would be little or no sorption capacity remaining. It

was found that only the forest riparian sediments were still able to sorb P from

the drainage water from these cultivated fields. Omernik (1981) also found

these types of areas to be saturated with respect to P. He concluded that

forested riparian areas, as well as agricultural areas, will reach an equilibrium

state where P input will be equal to P output, nullifying the buffering capacity of

these riparian "strips".

Landform and channel geomorphology also exhibit influences on nutrient

retention (dissolved and particulate matter). Lamberti et al. (1987) looked at a

fifth order stream in the central Oregon Cascades and found that "highly

complex channels within broad valley floors display high retention", while the

more "simple channels within narrow valleys are less retentive". The authors

also concluded that the complexity of the vegetation in the riparian areas

allowed "light gaps" that enabled greater primary production that also

augmented nutrient retention.

Meyer (1979) felt that during periods of high flow there was a net sorption

of DP to resuspended fine particulate matter (FPP). These particles are easily

trapped by dams of debris within the stream which augment the retention of this

particular P fraction.
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Stream and Sediment Chemical Parameters

Phosphorus dynamics in surface waters will also be a function of various

chemical parameters such as pH, redox potential, ionic strength, organic matter

and temperature.

Barrow (1983) described the sorption and release of P in a two-step

process consisting of a fast surface reaction (sorption) and a slow second step

reaction (chemisorption or fixation). The initial sorption can create a P gradient

and induce a solid-state diffusion where the surface phosphate can migrate into

the interior of the particle. The surface-sorption reaction has a time frame of

minutes or hours and is considered reversible, while the second step reaction

can continue for weeks and months and is considered, essentially, irreversible

(Berkheiser et al., 1980).

pH

Meyer (1979) found that changes in pH affected EPC values of the

sediments within Bear Brook. The EPC of both sandy and silty sediments were

at a minimum at a pH of 4.8 while sorption was at a maximum at the same

value. However, although maximum sorption occurs in the pH range of 4.8 to

6.0 where the H2PO4 orthophosphoric acid species is dominant, the second

step (the slow chemisorbed reaction) may have a quite different optimum pH



52

value (Froelich, 1988).

In noncalcareous systems increased pH will result in phosphate release

from sediments. Bostrom et al.(1982) found that, in lakes, greater pH values

decrease the ability of Fe and Al compounds to bind P. If reduced Fe and

phosphates are liberated from anaerobic sediments and then placed in an

aerobic, high pH system, only a portion of the soluble P will be able to

reprecipitate with the oxidized Fe complexes (Bostrom et al., 1988). Ryding

(1985) also found increased (internal) P loading with increased pH in lakes. In

calcareous lakes the behavior of P may be quite different with respect to pH. In

these systems precipitation is favored at high pH and can lead to decreases in

soluble P (Gunatilaka, 1982).

Mineralogy

Consistent with soil soil solution interactions, iron and aluminum

oxyhydroxides, manganese and calcium complexes and clay minerals play a

major role in the dynamics of P in the sediments of surface water systems

since they can be sites for sorption. As long ago as 1936 it was found that

aerobic sediments retained P due to complexing with oxidized Fe while

reduced, anaerobic sediments would liberate P with the dissolution of Fe-P

complexes due to a reduced Fe form (Enell and Lofgren, 1988).

The surface sorption reaction can occur on a variety of particle surfaces,

but, in soil/sediment systems with Fe and Al hydroxides a greater and much
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slower sorption reaction is noted. The weathering of minerals containing

reduced Fe can produce an Fe oxide coating on the soil/sediment particles

which can slow the sorption rate due to the reaction of phosphates with the

oxide coating. The sorption capacity of these particular oxides decreases with

increasing age and "crystallinity" (Froelich, 1988; Lijklema, 1980). The

preparation of clay minerals without the influence of Fe and Al oxides is very

difficult, but, clay minerals that are devoid of these oxides show the fast

sorption reaction while demonstrating minimal, second-step, chemisorption

reactions (Borggaard, 1983). In conjunction with the chemisorption reaction the

precipitation of Fe and Al phosphates may also occur.

Organic matter

The influence of organic matter on sorption is complicated in sediment-

surface water environments, just as it is in the soil-soil solution environment.

The addition of organic anions has been shown to block P sorption on various

inorganic particles, but, this ability is pH dependent. It has also been

demonstrated that the same ions can also inhibit Al hydroxide crystallization

leading to an increase in sorption capacity (Stuanes, 1982). The sorption ability

also depends upon the formation and stabilities of metal-organic complexes

which are also pH dependent. Organic matter is not considered to be able to

sorb much P due to its (in general) negative charge, except in complexes with

metal cations (Wild, 1950). Bostrom et al. (1982) stated that "the organic
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matter itself cannot bind phosphate, but the adsorption of P is entirely

dependent on the amount of associated metals such as iron and aluminum". It

has also been demonstrated that organic matter settling through the aerobic

hypolimnion of a Swiss lake was a sink for SRP (Gachter and Mares, (1985).

Klotz (1985) and Meyer (1979) found that the most important chemical

factors to influence the sorption of P (spatially) in sediments were Al, Fe and

organic matter. Jacobsen (1978) also noted the influence of oxidized (ferric)

iron on P sorption at the sediment surface while noting the abundance of

calcium-P complexes in the deeper, more reduced sediments. In a later study

relating temporal changes in SRP with respect to the EPC, Klotz (1988) found

no correlation between AI, Fe and EPC, concluding that they were probably not

a factor in regulating the temporal changes in EPC.

Redox

The redox condition of the system becomes important since it is related to

the behavior and influence of the various metal cations on sediment and

organic matter P sorption capabilities. In general the sorption of P is

proportional to redox potential. At redox potentials less than 200 mV oxidized

Fe+3 is reduced to Fe+2 releasing it and any associated P into solution (Holtan et

al., 1988; Bostrom et al.,1988). Redox potentials of approximately 200 mV

have, also, been thought to contribute to the reduction of various organic

compounds (Golterman, 1975).
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Nitrate effects

Nitrate concentrations may also exert effects on P dynamics in lakes,

although the effects may be highly variable between different lakes and

sometimes contradictory. Anderson (1982) found that P release was inhibited if

nitrate concentrations were greater than 1 mg/I and presumed that the oxidized

N could buffer the redox potential of the sediments and diminish the release of

Fe bound P. AhI (1979) however, found internal loading of P was high when

nitrate concentrations were high and felt that the mineralization rate would

increase and augment the mobilization of P from the degrading organic matter.

Bostrom et al. (1988), however, felt that "it is clear that nitrate may

simultaneously have both the effects" discussed above and the "net effect of

nitrate on P exchange across the sediment-water interface is therefore

ambiguous".

Ionic strength

It is generally accepted that the sorption of P increases proportionally to

the ionic strength of the ambient solution (Holtan et al., 1988). Some

electrolytes containing anions such as sulfate, flouride and hydroxyls create an

environment where there is competition for the P sorption sites and thus, the

initial fast reaction is slowed. This part of the reaction however, determines the

kinetics of the slower second reaction (Froelich, 1988).

It has also been indicated by Berkeiser et al., (1980) and Stuanes (1982)
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that the EPC was independent of the ionic strength and various species of

cations, if the data are extrapolated out to "infinite" time.

In the Hoxie Gorge study (Klotz, 1988) the EPC of the sediments was

highly correlated with the concentrations of SRP in the water column. The

regulation of this behavior was thought to be due to exchangeable Al on the

sediment surfaces which, in turn was a function of the ionic strength of the

stream water. Various cations also play a role in regulating SRP in this stream

and Ca was considered the most important on the influence of P sorption due

to its divalent charge. For this reason Klotz felt that the consideration of ionic

strength need focus only on the Ca cation.

Temperature and seasonal effects

In Switzerland, Davis and Keller (1983) examined several drainage basins

of different sizes for chemical and hydrological behaviors under varying climate

and geology. Cyclical patterns in concentrations were observed regardless of

basin size and the "driving mechanism" was considered to be related to

seasonal changes. Taylor and Kunushi (1971) monitored a stream that drained

agricultural land in Pennsylvania and found total P concentrations to be 15 to

20 ug/L during high flow conditions in spring, while samples taken in the quiet,

low flow conditions in fall yielded dissolved P concentrations of 40 to 60 ug/L.

Prairie and Ka Iff (1988), looking at dissolved P dynamics in seven

headwater streams in Canada, also found a correlation between dissolved P
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and season (spring vs. summer). Springtime values ranged between 1 to 2

ug/L, while summertime values ranged between 2 and 6 ug/L.

Meyer (1979) and Meyer and Likens (1979), however, looking at P

dynamics, transport and transformation in an undisturbed headwater forest

ecosystem in New Hampshire, found dissolved P concentrations relatively

constant and independent of season. Meyer (1979) also found sorption

reactions "remarkably rapid" at all temperatures with little change with

increasing temperatures.

Klotz (1988) felt that the decomposition of organic matter within the

sediments, during the period of summer low flow and high temperatures, could

be a source of SRP.

Relative Amounts and Forms of P in Freshwater

The various regulatory processes and mechanisms examined above dealt

with P in the sediment environment and at the sediment water interface. The

various forms and amounts of P found in the water column of fresh water lakes

and streams are noted below.

Additional data from the Hubbard Brook ecosystem note the SRP

concentrations to be approximately 60 percent of the total DP concentrations

(Meyer and Likens, 1979).

Omernik (1977) sampling 41 forested watersheds in the contiguous U.S.
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found ortho-P concentrations, on the average, to be 56 percent of the total P in

the water column.

Martin and Harr (1988) sampling in the central Oregon Cascades found

ortho-P to be 55 percent of the total P and DOP to be 45 percent of the total P

concentration.

Gregory et al. (1990) sampled six springs in the caldera of Crater Lake

Oregon and found soluble P values to be approximately 50 percent of the total

P.

In streams draining volcanic landscapes on Costa Rica's Caribbean

coast, Pringle et al. (1990) found SRP levels to range form 50 to 100 percent of

the total P fraction.

Whittier et al. (1988) sampled 49 streams through out the state of

Oregon and found amounts of ortho-P and total P to be highly correlated.

Salminen and Beschta (1991), in a re-analysis of Omerniks (1977) data,

used only the data from the forested watersheds and also found a significant

realtionship between ortho-P and total P.

Stream physical parameters

Hydrology and discharge

Change in discharge within a stream or watershed area may have dramatic

effects on nutrient concentrations and forms within the stream and sediments,

as well as total export values. Investigations on the dynamics of total and
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dissolved P in river and stream systems have noted a variety of nutrient

responses as a function of increased discharge due to rain and/or storm events.

The in-stream dynamics of P are highly variable and sometimes yield

contradictory observations from basin to basin. Increased discharge, with or

without major storm events, can cause physical changes in the stream bed and

riparian areas and often increase the input of fresh sediments. Increased

discharge may also affect chemical parameters such as pH, redox potential,

ionic strength, temperature and microbial populations.

Mulholland et al., (1990) monitored a forested watershed in karst terrain in

eastern Tennessee for storm solute chemistry and preferential flow along

shallow and deep paths. The authors found subsurface flow to be an important

component of storm flow from slopes. It was also noted that these flows are

usually along "preferential pathways", rather than through the bulk of the soil

matrix. Chemical tracing techniques have shown that "old water" (water stored

before the storm event) is, also, a major factor in the generation of stream flow.

Monitoring of the Tennessee watershed included measurements in an "upper"

pan (upper 1 m of soil) and a lower pan (below 1 m). It was found, in general,

that the concentrations of Ca, Mg, K, SO4, dissolved oxygen concentration

(DOC) and soluble reactive phophorus (SRP) were higher in the top 1 m of soil,

while Si and CI concentrations were less in the upper pans as compared to the

lower ones. It was also indicated that the upper 1 m of soil in the watershed

was a "substantial" sink for NH4, NO2, NO3 and SRP.
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Meyer (1979) felt that periods of increased discharge would facilitate the in-

stream sorption of DP even though there was more contact time between

sediment and water in slower, less turbulent streams. Meyer and Likens (1979)

defined and monitored three fractions of P in Bear Brook, N.H.; i) Dissolved P

(DP), the fraction < 0.45 urn, ii) fine particulate P (FPP). 0.45um - 1mm, and,

iii) coarse particulate P (CPP) > 1mm. The authors found that only the FPP

fraction had exports that exceeded imports. Meyer (1979) felt that the finer

sized sediments would be resuspended during periods of increased discharge,

increasing the FPP fraction. In monitoring Bear Brook, Meyer and Likens

(1979) found that the DP fraction did not significantly change during storm

events while the FPP fraction did increase. Values for the DP fraction varied by

only an order of magnitude, while the values for annual discharge varied by four

orders of magnitude, clearly indicating the importance of discharge in the export

of DP, as opposed to the minor changes in concentration. The authors also

noted a hysteresis effect with respect to the FPP. Bilby and Likens (1979) also

observed this phenomenon with respect to fine particulate organic matter. The

authors also note that fine particulate concentrations increase exponentially with

increasing discharge and thus, most P transport occurs during periods of high

flow. Cahill et al. (1974) sampled the Brandywine Basin in Pennsylvania, during

both storm and "non-storm" periods. The authors found that the increased P

transport is in the insoluble form and at least one half of the total P transported

occurs during storm periods.
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Klotz (1991) noted increased SRP levels and decreased Ca levels following

a storm event. The maximum SRP and minimum Ca concentrations occured

on the descending limb of the hydrograph while the pH remained essentially

unchanged.

Johnson et al. (1976), studying a stream draining a rural watershed in New

York, found that P losses varied by several orders of magnitude and the

periods of highest flow occured only 10 percent of the time over a 20 month

period, but, as much as 75 percent of the P lost was exported at this time.

During low flow periods the dissolved molybdate reactive P (DMRP)

concentrations averaged approximately 10 ug/L and averaged 35 ug/L during

storm events. There was, however, no correlation between dissolved

unreactive P (DUP) and discharge. The authors also reported that P loss

associated with suspended solids was 78 percent of the total, the dissolved

inorganic fraction (DIP) accounted for 14 percent and the dissolved organic

fraction (DOP) accounted for only 8 percent of the total export of P.

McDiffett et al. (1989) studied a Pennsylvannia watershed during storm

events to look at nutrient concentrations and the relationship to stream

discharge. Nitrate and phosphate concentrations increased during the early

part of the rising limb of the hydrograph and peaked before high flow.

Statistically significant correlations were established for all elements versus

discharge, but, NO3 and PO4 showed very weak relations.

Prairie and Kalif (1988) compared streams in the Quebec Province, in
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Canada, for DP concentrations as related to stream discharge and found that in

some of the streams DP increased with discharge, while in others there was a

decrease in DP levels and in others there was no relationship at all.

Fredriksen (1975) studied five watersheds in the Oregon Cascades and

found that, although annual loads increased with runoff, annual concentrations

of total and ortho-P were lowered with increased runoff.

Bond (1979) studied nutrient concentrations and patterns in a stream in a

montane system in Utah and found that very little of the variation of P

concentration could be explained by changes in stream discharge.

Lakes

A literature review adequately covering P dynamics in lakes and the effects

of lakes (out flow) on lower streams would be enormous. A large part of this

literature review has been the presentation of information on freshwater P

dynamics and many of the concepts and much of the information was derived

from experiments on lakes and extrapolated to lotic systems. Much of the

behavior and dynamics of P often apply equally well to both limnic and lotic

systems and need not be repeated in this section. There are, however, some

differences in the influences on P dynamics, but, these will be discussed only in

relation to the effects that the in-lake nutrient dynamics have on lower streams.

Lake sediments are often anaerobic and act as a sink for P. They are

generally enriched in P from the death and nutrient turnover of phytoplankton



63

and aquatic bacteria, as well as the settling of allocthonous and autochonous

organic materials (Holtan et al.,1988). In Dillon and Kirchner's (1975) study in

southern Ontario, it was found that the lakes in the system were P sinks and

diminished the downstream loading. Lakes can also cause cyclic patterns in P

dynamics downstream due to the establishment of chemical and temperature

gradients and the resultant mixing of these layers and associated microbial

effects (Ryding and Rast, 1989). Lakes that become highly eutrophic can also

act as a source of P to the lower stream. It has been reported that that the

retention of P can range from 0 to 90 percent of the total load (Salminen and

Beschta, 1991).

The impact to lakes and the potential for eutrophication is also affected by

anthropogenic activities and a variety of natural factors including, climate,

hydrology, and the geology, physiography and geochemistry of the watershed.

The loss of nutrients from a watershed is usually found to be in proportion to

the "degree of disturbance to the chemical cycling processes within the

watershed" (Ryding and Rast, 1989).

Experimental Methods and Analysis

Throughout the literature on P dynamics there is a wide variety of sampling

and/or analytical techniques used in the determination of the various forms and

amounts of P. It is generally accepted that the comparison between numbers
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derived from vastly different analytical techniques is unsound. This could

invalidate or complicate many of the comparisons within the literature. The

determination of "available P", for example, was complicated by various

extraction methods used by different states. A 1951 survey of the 50 state soil

testing laboratories revealed that 28 different extraction methods were used.

By 1973 only 3 extraction methods were in use, but, there were/are still a

number of significant variations.

Summary From Literature Review

Below is a summary of the different analytical techniques used through out

this literature review. Methods of analysis were often not given and when they

were, the detection limits of the procedures were not.

Cooper and Gilliam, 1987; measured Ortho-P colorimetrically by the

method of Murphy and Riley (1972).

Taylor and Kunushi, 1971; measured SP by the method of Dickman and

Bray (1940) at 720 um absorbance.

Sah and Mikkelsen, 1986; measured P from a supernatant solution by

the method of Watanabi and Olsen and "termed" that fraction "soluble P".

Twinch, 1987; measured SRP from a 0.22um filtered solution by a single

solution variation of the molybdate-blue procedure from the American Public
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Health Association (APHA) Standard Methods for the Examination of Water and

Waste Water (1971).

Meyer, 1979; measured SRP by the method of Murphy and Riley (1962)

and measured TP by the method of Mensel and Corwin (1965).

McDiffett et al., 1989; measured "PO4-P"="SRP" using a Technicon auto-

analyzer and (APHA 1980) methods.

Klotz, 1985; measured total reactive P in unfiltered samples by the APHA

(1975) ascorbic acid method.

Klotz, 1991; measured SRP on 0.45 urn filtrate by APHA (1985) ascorbic

acid method.

Johnson et al., 1976; measured dissoved molbdate reactive P (DMRP)

by the molybdate-blue method. Total dissolved P (TDP) was measured by the

method of Menzel and Corwin (1965) and\or an autoanalyzer and the method of

Fiske and Subbarrow (1925). Dissolved unreactive P (DUP) was defined as the

difference between the two fractions.

Mulholland et al., 1990; found concentrations of SRP and total SP

averaged about 30 to 33 percent lower using 0.4 urn filters as compared to 1.0

urn glass fiber filters (no other procedure was described).

Meyer and Likens, 1979; measured TDP in 0.45 urn filtrate by the

method of Murphy and Riley (1962), after persulfate digestion by the method of

Menzel and Corwin (1965).

Newbold et al., 1983; measured SRP by Chamberlain and Shapiro's
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(1969) modification of the moybdenum blue method and TP was determined by

the method of Murphy and Riley (1962) after persulfate digestion and isobutanol

extraction.

Dillon and Kirchner, 1975; measured TP by the method of Parsons and

Strickland (1968) with modifications used by Dillon and Rig ler (1974).

Fox et al., 1990; determined inorganic P from 0.45 urn filtrate by the

moybdate blue method and the method of Murphy and Riley (1962).

Reddy et al., 1980; measured ortho-P by the ascorbic acid method and a

Technicon autoanalyzer and USEPA (1974) procedures.

Pringle et al., 1990; measured SRP by the moybdate blue method from

Strickland and Parsons (1972) and the APHA (1985) procedures. TP was

measured by the same techniques preceded by acid hydrolysis.

Gregory et al., 1990; measured SRP by "ammonium molybdate methods"

and TP was digested and measured as "reactive P" by the same method.
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Freshwater Biology

The Algae

Algae are photosynthetic, eukaryotic organisms that possess various types

of chlorophylls while lacking multicellular sex organs and other tissue

differentiation observed in the vascular plants and may or may not have true

cell walls (Lee, 1980; Bold and Wynne, 1985). Algae are also, "unquestionably

the most widely distributed of all green plants" (Paul and Clark, 1989).

Although algae have traditionally been placed in the plant kingdom, some

algae have been categorized in the Protista kingdom along with the protozoa,

while only those algae exhibiting more extensive development are placed in the

Plantae kingdom. Some organisms that have been classified as algae, such as

the blue-green, are in fact prokaryotic and very bacteria-like, while others are

on the borderline of higher plants (Whittaker, 1969). The "blue-greens" or

cyanobacteria are often classified as algae, due to the fact that they play such

significant roles in the water quality of lakes and are considered an extremely

important group of phytoplankton for this reason (Harris, 1986).

The origins of the algae are the oceans of the Paleozoic era more than 450

million years ago. These early seas evolved a number of lines that now

represent 22,000 known species (Raven et al., 1976) and are placed in seven

major divisions based on morphology, intracellular materials and types of
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photosynthetic pigments (Atlas and Bartha, 1987). From these oceanic origins

many species became adapted to land (soils and freshwaters) and include the

microscopic phytoplankton as well as the macroscopic forms that are

increasingly a nuisance in our surface freshwaters.

Of the seven major divisions, four have members that can thrive in soil,

while all seven have members that can inhabit freshwater. However, only two

of the divisions are of primary interest in the study of freshwater biology. The

division Chlorophyta contains the green algae and is the most diverse group,

composed of over 7,000 species. The majority of the green algae are aquatic

with only a few groups being entirely marine. The majority of the Chlorophyta

are found in freshwaters (Raven et al, 1976). The division Chrysophycophyta

contains the diatoms, which are abundant in freshwater, and have been found

to be the dominant members in streams in the Oregon Cascades (Lyford and

Gregory, 1975), the Thompson River system in British Columbia (Bothwell,

1985) and the British Columbia Coast Range (Shortbreed and Stockner, 1983).

Phytoplankton

Freshwater algae may be benthic (living within or on sediment particles), or

planktonic (floating freely within the water column). It is the phytoplankton that

are often considered the most critical in relation to freshwater quality, as they

are the biological crux of the water quality problems facing the U.S. and the

world. Phytoplankton is the term used to represent the large numbers of
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planktonic plants that inhabit marine and freshwater systems, but, there still

remains some debate as to which organisms should be included within this

terminology. The overwhelming majority of the phytoplankton are algae, but,

there are also a variety of single and multicellular forms that are sometimes

difficult to distinguish between plant and animal. Some phytoplankton are

single cell prokaryotes and may be described as bacteria, while others can

oxidize complex organic substrates and have mobility and other "distinctly

animal-like characteristics" (Harris, 1986). The phytoplankton can vary in

volume by up to five orders of magnitude as they range in size from small

prokaryotes to large dinoflagellates which can be seen with the naked eye

(Malone, 1980). The fastest growing species can double a few times per day,

while the slowest species will double only once every week or ten days (Eppley,

1972). The diversity of the phytoplankton is tremendous; 50 to 100 species

coexisting in surface waters is not uncommon and even if only a "few cubic

centimeters of the environment" are sampled there is still a variety of different

species found in coexistence (Hutchinson, 1967). This has often been

considered an ecological "paradox" and the phytoplankton have often been

considered "paradoxical" organisms (Harris, 1986). The phytoplankton have

abilities to "sense" changes in their environment and adapt or respond,

physically and chemically, in ways that will facilitate their survival. This seems

to be true even at the unicellular level. The phytoplankton are also very

sensitive to changing conditions in surface waters and even respond to
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alterations in the kinetic energy of the system as well as temperature, light and

nutrients (Harris, 1986).

The phytoplankton are predominantly photoautotrophic and use light energy

to build the various macromolecules needed for mass, energy and metabolism.

The ratio of the major elements within planktonic cells is most often cited as:

106 C: 263 H: 110 0: 16 N: 1 P where C, N and P are the "major nutrients of

concern" (Harris, 1986). However, Boyd and Lawrence (1967) looked at a

number of freshwater populations and found slightly different major element

ratios of 116 C: 9.9 N: 1 P. Phosphorus is considered "quite immobile" in soils

and therefore, the two types of inputs that should be considered are the

dissolved inorganic phophorus (DIP) and dissolved organic phophorus (DOP)

fractions (Harris, 1986). The most available form of P for algal growth is the

DIP fraction, but, the phytoplankton possess a number of phosphatases that

indicate that the DOP fraction may also be hydrolysed and then re-metabolized

(Lean and Nalewajko, 1980). The DIP pool is only a "minute fraction" of the

total and a rapid turnover is needed to supply algal needs within surface

waters. No changes in redox potential are needed for the uptake and

metabolism of P and dead algal cells can release the majority of their total P

fraction very rapidly (Harris, 1986). The turnover time of the DIP fraction was

measured in lakes and found to be frequently on the order of minutes.

Turnover times are affected by temperature and the trophic state of the water

body. DIP turnover is much slower in winter and/or eutrophic waters while in
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summer the DIP turnover time may be reduced to seconds (Rig ler, 1973;

Nalewajko and Lean, 1980). Vollenweider et aI.(1980), however, looked at

whole lake basins and found that by plotting loading and total P fraction against

algal biomass, a relation was established that allowed for the prediction of algal

biomass and macrophytic growth. The plot of chlorophyll versus total P also

yielded a "clear correlation". Some lakes, however, do not fit the plots if the

"loading relationships are not in equilibrium" (Harris, 1986).

Biotic Influences on P Dynamics

Biological processes can be influenced by the dynamics of P cycling, but,

they may also influence P dynamics in streams and lakes. Enell and Lofgren

(1988) note that the "temporal changes in the surace-sediment pore-water

chemistry are mainly caused by microbial activity" even though other variations

may also be important. The authors also note that these organisms can quickly

change their activities in response to changes in their environment. Changes in

the fluxes of organic matter, temperature and reducing compounds can cause

changes in microbial activity which, in turn, can alter the sorption characteristics

of the "system". This alteration can then create a "feedback" to further

chemical change.

Bioturbation and the release of gases can also augment the flux of P

occuring from chemical diffusion. Microbial metabolism within the sediment

environment will produce nitrogen, carbon dioxide and methane gases.
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Bioturbation and the release of gases is usually reported to increase the

release of P from the sediment environment and "methane convection" is

considered a dominant mode of transport in shallow and highly eutrophic lakes

(Bostrom et al., 1982).

Within lakes there are several species of planktonic primary producers that

will "winter" within surface sediments and the springtime "massive reinvasion" of

the benthic colonies, may significantly facilitate the transport of P from sediment

to water column (Bostrom, 1986). Baccini (1985) and Gachter and Mares

(1985) added algal matter labeled with C14 and P32 to sediment cores and

found that the biota within the oxic part of the sediments were able to store P

and create a decrease in the C:P ratio. At the same time, however, there was

a significant release of P from the deeper, reduced layers. Fleischer (1985,

1986) used mixed cultures of eucaryotic organisms and facultative anaerobic

bacteria that were isolated from lake sediments and found that these organisms

could rapidly uptake and release P during transitions from aerobic and

anaerobic conditions.

Net transfer of P between biomass and the mobilized P fraction depends

upon the amounts of P in the organic substrates as well as the growth yield of

the various mineralizing bacteria. The mobility and availability of P and other

mineral nutrients (relative to C substrates) is much higher when bacterial growth

yields are low. The total transport of P into and out of bacterial cells will usually

exceed the net transfer by large amounts. In a P32 study on the Carex species
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it was found that the net mineralization of P was only 0.84 ug/l*hr while the

actual rates of uptake and release were approximately 150 ug/l*hr (Barsdate et

al., 1974). In experiments on mixed planktonic organisms it was found that the

P fraction that remains refractory after the "long- term" decomposition of various

bacteria, ranged from 0 to 100 percent with an average of 50 percent (Bostrom

et al., 1988). A publication by Golterman (1975) which noted the P fraction

released by algae, found that as much as 80 percent can appear as ortho-P

within three days after the induction of autolysis. It was assumed likely that

much of the P fractions released by cellular death would repeatedly cycle within

the "bio-detrital complex" before any net regeneration and there would also be a

loss to the refractory P "pool" during each cycle (Bostrom et al., 1988).

Disturbed and Undisturbed Systems, Biota and P Dynamics

A number of studies have focused on the inter-relationships and influences

between P and biota in both disturbed and undisturbed systems. The very crux

of the biological problems facing surface water systems stem from additional

nutrient input from various changes in land use. The stimulation of unwanted

aquatic growth with respect to various disturbances (land use) may also create

political, economic, and/or "quality of life" problems. These are secondary

problems that are functions of the primary problem of water quality. Below is a

summary of the various effects of nutrient dynamics as related to biota in both

disturbed and undisturbed systems.
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Studying an undisturbed ecosystem in the Hubbard Brook Experimental

forest, Meyer (1979) found that organic leaf-leachate P was sorbed less than

the inorganic otho-P form. It was also noted that the "self-purification" of P in

the stream was not due to uptake by macrophytes since there were none, but,

bryophyte communities were responsible for a portion of the uptake. In this

system the microbial communities played a minor role in the uptake of P and

the sorption of P by the sediments.

Newbold et al. (1983) studied a woodland stream ecosystem in Tennessee

and found that nutrient cycling occurs within the stream, but, does not occur "in

place". The phrase "spiralling" was coined to describe the processes of cycling

and transport and the length of stream required for one cycle was termed the

"spiralling length". It was found that P was transported in the soluble form for

90 percent of the spiralling length (excluding major storm events). Of all the P

taken up from the water column by particulates only 2.8 percent was transferred

to consumers and the rest returned to the water column directly. Of the P

taken up by consumers, 30 percent was then taken by predators and the

combined communities of consumer and predator accounted for 25 percent of

the "standing stock" of "exchangeable" P.

Gregory (1978) enriched a third order stream in the central Oregon

Cascades to compare the physical and biological sorption of P on organic and

inorganic substrates within the stream. It was found that the sorption of P32

was greater on unsterilized substrates than on those that were sterilized and
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the greatest sorption per weight was found on the inorganic substrates of

basaltic rock. It was also found that the greatest uptake of the labeled P

occured in the epilithic algae and uptake in the riparian vegetation was much

lower than any of the aquatic algae. It was concluded that the sorption of P on

instream substrates is a predominantly biological process, with physical sorption

accounting for less than 20 percent of the translocation onto in-stream

substrates. In summary, the author felt that benthic communities and the

environmental factors which can "regulate biological productivity are the major

determinants of P uptake and utilization in lotic systems".

Klotz (1985), however, studied four streams in central New York state and

felt that the sorption of P by sediments, mainly due to abiotic processes, was

the critical factor in the limitation of P to benthic organisms.

Klotz (1991) studied Hoxie Gorge Creek in New York and concluded that

the abiotic parameter of ionic strength also plays a critical role in the SRP

concentrations.

Sharp ley et al. (1991), found that particulate P in agricultural runoff can

supply a source of biologically available P and assessed this availability. Smith

et al. (1978), found that naturally occuring, relatively insoluble calcium-

phosphate apatites were able to supply enough ortho-P to support the growth of

a variety of mixed algal and bacteria populations. Kuwabara et al. (1986)

studied algal growth with respect to particle bound ortho-P and Zinc (Zn).

Although Zn is an essential micronutrient for algae, the addition of Zn, in the
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concentrations used for this experiment, adversely affected growth rate and cell

density.

Dorich et al. (1984) looked at the algal availability of P in suspended

stream sediments of varying particle size in northeastern Indiana and found that

all aggregate sizes had similar amounts of P that was available to algal

cultures. An average of 79 percent of the inorganic sediment P and 43 percent

of the total P were available to algae. Samples that were affected by septic

effluents tended to be higher in algal available P than suspended sediment from

agricultural land.

Bothwell (1985) looked at the growth rates of periphyton and P deficiencies

in flow through troughs on the Thompson River in British Columbia. It was

found that the growth rates are a function of SRP, light and temperature and

were near maximum levels which were set by light and SRP levels of only 3 to

4 ug/L at temperatures below 10 degrees C. It was also noted that many

researchers have found that SRP concentrations of at least 20 ug/L are

required to produce algal problems in rivers and streams. It was the author's

conclusion that as a function of temperature and light "periphyton growth rates

can be saturated with respect to P at much lower concentrations than

previously reported in river-stream literature". It was also noted that although

SRP is known to greatly overestimate "absolute ortho-P" in natural waters, it is

a good measure of P available for "immediate uptake" in these rivers.

Shortbreed and Stockner (1978) found that P was the limiting factor in
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periphyton growth rates and biomass in Carnation Creek, British Columbia and

concluded that the environmental factors that were changed due to logging had

"little effect" on periphyton communities because P concentration was generally

not affected (Shortbreed and Stockner, 1983). In a number of streams in

western Oregon, however, filamentous algae were more common in clearcut

sections of forest due, mainly, to increased light (Lyford and Gregory, 1975;

Murphy and Hall, 1981).

The importance of in-stream studies or studies such as Bothwell's (1985)

can not be underestimated. There are tremendous disadvantages in

determining limiting nutrient concentrations using standard laboratory cultures

and procedures. Nalewajko and Lean (1980) have noted that algal cultures

within a laboratory environment generally require much greater amounts of

nutrients to produce growth than do populations in the field. It is unknown

whether this is due to physiological acclimation, a genetic mechanism or some

combination of the two.
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DESCRIPTION OF STUDY AREA

Soil, Climate, Geology, Landuse and Geomorphology

Baker Creek is an eastern-flowing stream that drains a small 14,168 acre

(5,736 ha) watershed west of McMinnville Oregon in Yamhill County. The

center of the watershed lies at approximately 123 degrees, 17 min., 30 sec.

longitude and 45 degrees, 13 min., 30 sec. north latitude. Relief within this

watershed is 871 m and slopes range from 0 to over 100 percent. This

watershed may be segmented into an upper, middle and lower portion. Land

use is composed of forestry and recreation within the upper portion; pasture,

dairy and homes within the middle segment and grains, hay, grass seed

production, small amounts of row crops and urban development comprise the

major land use categories within the lower segment of the basin.

The Baker Creek Watershed has, on the average, cool, wet winters and

warm dry summers. The Yamhill area has three climatic zones that are mainly

distinguished by elevation. Baker Creek passes through all three zones; the

Coast Range Mountains, the Coast Range foothills and the Willamette Valley

floor. The valley floor has daily average temperatures of 3 degrees C in

January and 19 degrees C in July and averages 109 cm of precipitation

annually. In the foothills of the Coast Range, the daily average temperature is

2 degrees C in January and 18 degrees C in July and an average of 158 cm of

precipitation falls annually. The Coast Range Mountain temperatures average 3
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degrees C in January and 16 degrees C in July and an average of 323 cm of

precipitation falls annually. The vast majority of this precipitation, within all

zones, falls as rain.

The upper portion and part of the middle portion of the watershed is

located in the Coast Range Mountains and foothills. This portion of the

watershed is composed of soils formed from residual uplands and colluvium.

During the middle Eocene epoch, about 55 million years ago, Tillamook and

other younger volcanics and sedimentary rocks were deposited in this area.

These are composed of basalt, interbedded tuff, and marine sediment

interbedding. The major soil series formed in these areas are Olyic, Klickitat

and Hembre and are approximately 100,000 years old. During the middle and

upper Eocene the Yamhill and Nestucca formations were also deposited in this

area and include sedimentary formations of siltstone, sandstone and tuffaceous

shale. Major soil series that occur on these formations include Astoria, Melby

and Peavine.

The lower portion of the watershed is formed from pleistocene valley fill

which consists of "faintly stratified", lacustrine deposits which include silt,

interbedded sands, some clays and pebbles, as well as stones and boulders of

igneous and metamorphic rock. In this area soils were formed upon the

Senecal-Calapooyia geomorphic surfaces and the major soil series are the

Woodburn, Willamette and the Dayton. These soils may be 12,000 to 60,000

years old (Soil Survey Of Yamhill Area, Oregon, 1974; Balster and Parsons,
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1968).

Tables 3 and 4 define the various soil series map units and phases. Table

5 lists the soil series and their taxonomic classes within the watershed, with

respect to the three major divisions and table 6 lists each series mapping unit,

phase, and their respective areas.

Table 3. Soil phase definitions.

Phase
symbol

Symbol definition Phase
symbol

Symbol definition

A

B

C

D

0 to 3% slopes

0 to 7% slopes

2 to 12% slopes

5 to 20% slopes

E

F

G

20 to 30% slopes

30 to 60% slopes

60 to 90% slopes

Table 4. Soil series and map symbols exclusive of phase.

Amity Am Dayton Dc Steiwer Su
(mod. shallow) (thick surface) (basalt substr.)
Astoria As Dupee Du Wapato We
Carlton Ca Hazelair He Willakenzie We
(basalt substr.) Hembre Hb Willakenzie Wk
Chehalem Ce Jory Jr (mod. shallow)
Chehalis Ch McBee Mb Willamette Wi
Cloquato Cm Melby Me Woodburn Wu
(mod. shallow) Nekia Nc Yamhill Ya
Cove Co Olyic 01 Yamhill Yh
Cove (clay) Cv Panther Pa (mod. shallow)
Dayton Da Peavine Pe

(mod. shallow)
Steiwer St
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Table 5. Soil series and class as distributed throughout the three main
watershed divisions.

Segment Soil Series Taxonomic Class

Upper
Watershed

Olyic sil fine-loamy, mixed, mesic Typic
Haplohumult

Hembre sil fine-loamy, mixed, mesic Typic
Haploumbrept

Melby sil fine, mixed, mesic Typic Dystrochrept

Astoria sil medial, mesic, Andic Haplumbrept

Medial
Watershed

Wapato sicl fine-silty, mixed, mesic Fluvaquentic
Haploquoll

Nekia cl clayey, mixed, mesic Xeric
Haplohumult

Haze lair sicl very fine, mixed, mesic, Aquultic
Haploxeroll

Willakenzie sicl fine-silty, mixed, mesic Ultic
Haploxeralfs

Olyic sicl fine, loamy, mixed, mesic Typic
Haplohumult

Peavine sicl clayey, mixed, mesic Typic
Haplohumult

Chehalem sicl fine, mixed, mesic Cumulic Haplaquoll

Chehalis sicl fine-silty, mixed, mesic Cumulic Ultic
Haploxeroll

Yamhill sil fine, mixed, mesic Pachic Ultic
Haploxeroll

Willakenzie sicl fine-silty, mixed, mesic Ultic
Haploxeralfs

Jory cl clayey, mixed, mesic Xeric
Haplohumult
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Table 5 cont'd.

Segment Series Taxonomic Class

Medial
Watershed

Melby sil fine-silty, mixed, mesic Cumulic Ultic
Haploxeroll

Steiwer sicl fine loamy, mixed,mesic, Ultic
Haploxeroll

Panther sicl very fine, montmorillonitic, mesic Typic
Haplaquoll

Lower
Watershed

Chehalis sicl fine-silty, mixed, mesic Cumulic Ultic
Haploxeroll

Melby sil fine, mixed, mesic Typic Dystrochrept

Willamette sil fine-silty, mixed, mesic Pachic Ultic
Argixeroll

Woodburn sil fine-silty, mixed, mesic Aquultic
Argixeroll

Amity sil fine-silty, mixed, mesic Argiaquic Xeric
Argialboll

Willakenzie sicl fine-silty, mixed, mesic Ultic
Haploxeralfs

Carlton sil fine-silty, mixed, mesic Pachic Ultic
Haploxeroll

Dupee sil fine, mixed, mesic Aquultic Haploxeralf

Chehalem sil fine, mixed, mesic Cumulic Haplaquoll

Haze lair sicl very fine, mixed, mesic Aquultic
Haploxeroll

Claquato sil Coarse, silty, mixed, mesic Cumulic
Ultic Haploxeroll

Cove sicl fine, montmorillonitic, mesic Vertic
Haplaquoll

Cove c fine, montmorillonitic, mesic Vertic
Haplaquoll
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Table 5 cont'd.

Segment Series Taxonomic Class

Lower
Watershed

Jory cl clayey, mixed, mesic Xeric
Haplohumult

Steiwer sicl fine-loamy, mixed, mesic Ultic
Haploxeroll

Olyic sicl fine-loamy, mixed, mesic Typic
Haplohumult

Nekia cl clayey, mixed, mesic Xeric
Haplohumult

Table 6. Soil series, phase, and area occupied within the watershed.

Polygon
Label

Polygon
Area(acre)

Polygon
Label

Polygon
Area(acre)

Amity 292.56 Olyic G 78.61

Astoria E 29.81 Panther D 439.39

Astoria F 13.11 Peavine C 79.57

Carlton B 220.99 Peavine D 249.07

Carlton C 76.19 Peavine E 146.27

Carlton D 25.20 Peavine F 111.15

Chehalem C 228.25 Peavine B (mod.shallow) 7.12

Chehalis 293.91 Peavine D (mod.shallow) 2.23

Cloquato 92.65 Shale rock land 6.60

Cove 16.1 Stony land 24.05

Cove (fan) 36.92 Steiwer D 124.21
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Table 6 cont'd.

Polygon Polygon Polygon Polygon

Label Area(acre) Label Area(acre)

Cove(thick surface) 27.33 Terrace escarpment 106.29

Cove(clay) 5.89 Wapato 352.72

Dayton 38.02 Willakenzie C 252.90

Dayton(thick surface) 22.72 Willakenzie D 326.68

Dupee C 51.85 Willakenzie E 370.76

FW freshwater marsh 48.01 Willakenzie F 135.97

Hembre E 207.06 Willamette A 431.27

Hembre F 313.35 Willamette C 62.92

Hembre G 9.34 Willamette D 21.73

Hazelair B 37.44 Willakenzie B(mod.shallow) 17.34

Hazelair D 359.54 Willakenzie D(mod.shallow) 367.87

Jory B 23.65 Woodburn B 320.05

Jory C 169.68 Woodburn C 25.20

Jory D 300.22 Woodburn D 18.36

Jory E 282.62 Yamhill B 28.40

Jory F 300.31 Yamhill C 71.63

McBee 75.52 Yamhill D 285.63

Melby E 524.58 Yamhill E 227.60

Melby F 101.55 Yamhill F 507.68

Nekia D 141.60 Yamhill B(mod. shallow) 21.77

Olyic E 2201.36 Yamhill D(mod. shallow) 140.84

Olyic F 2243.65
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METHODS AND MATERIALS

This project began as a one year study to ascertain the relative

background levels, sources, and loads of P within the Baker Creek watershed.

Later, opportunities arose that allowed this study to be expanded to a two year,

two part project with the opportunity to look at additional parameters and

comparisons.

Rainbow Lake, a small lake within the upper portion of the watershed was

breached and drained in the late spring of 1990 and was restored during the

summer of 1991. The first year of sampling saw no effects or influence from

this lake on Baker Creek, as the stream flowed unimpeded through this area.

See Fig. 1.

Begining in May, 1990, 19 sites were sampled over 18 kilometers of the

Baker Creek basin in a pattern that best isolated the various types of landuse

within the basin. Samples were collected from the center of the stream in acid

washed 500 ml nalgene bottles. Samples were collected weekly during the

"period of low flow" (May 1 through November 15) and on a monthly basis

during winter high flow (December through April). Samples were collected

between 10:00 AM and 3:00 PM and immediately placed on ice.

In October 1990, two additional sampling points were added which allowed

the sampling of two small, perennial streams, one which drained a small

subdivision and the other which drained dairyland. These particular sites could
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only be sampled during periods of higher flow. See Fig. 2.

Soluble P and Total P Measurement

Several mL of each sample were filtered through 0.22 urn hydrophobic

PTFE membrane filters into plastic auto analyzer vials within 2 to 6 hours of

collection. The SP fraction was determined in the Oregon State University

Plant Testing Laboratory using an Alpkem model 300 RFA continuous flow

autoanalyzer and the ascorbic acid Molybdate reduction procedure at 680 nm

absorbance. Several attempts were made to determine TP by using a nitric

acid digest and minor variations of this procedure. Recovery was inadequate

and all variations, as well as the original procedure, were unsuccessful. Total P

was eventually measured by ammonium persulfate digest, from the U.S.

Environmental Protection Agency (EPA) Methods For Chemical Analysis of

Water and Wastes (1976) and analyzed with the same procedure to determine

SP.

Analytical Error

During year 1 the average error in reproducing sample SP values was 1.51

ug/L ± 1.22. When checks against various standards and spikes were included

the average error was 1.99 ug/L + 1.44.

During year 2 the average error in sample reproduction for SP values was
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0.5 ug/L + 0.53 ug/L. When spikes and comparison to standards were used,

the average error was 1.7 ug/L + 1.99 ug/L.

For nitrate N the average error was 2.22 ug/L + 1.72 and 5.36 ug/L + 10.75

when spikes and standards were considered.

The average error in sample reproduction values for TP was 7.14 ug/L +

11.50 and 5.76 ug/L + 7.97 with the inclusion of standards and spikes.

Stream Flow

Average stream flow was measured at several points through the

watershed by a Weathermeasure F583 (Pygmy type) Water Current Meter.

Average discharge values were calculated by segmenting the width of the

stream (at specific points) into smaller segments (widths) and measuring a

depth and velocity at each of these points. The width and depth of each of

these segments was multiplied to give a cross sectional area and each of these

areas were multiplied by the velocity at each segment to give a discharge

value. These discharge values were then summed to give an average

discharge value for the stream at that location. These measurements were

very crude at some locations and impossible at others due to the roughness of

the stream bed, a shallow water column and/or a low velocity that could not be

measured. The error of these mesurements and estimations is guessed to be

10 to 15 percent. These discharge values were then multiplied by the P

concentrations at each point to obtain the actual P load passing each sample
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point. Load values were also compared to the area of land drained above each

sampling point for an indication of the load on a per area basis.

Procedures for the second year of monitoring were similar to those of the

first year with only minor changes.

Samples were collected at the same locations on Baker Creek with 1 liter

of sample collected in acid washed 1000 mL Nalgene bottles to be used for the

analysis of NO3 and NH4 nitrogen as well as total dissolved and suspended

solids. Additional samples were collected in 250 mL acid washed nalgene

bottles, each, with 600 uL of 33N sulfuric acid to stabilized the sample for total

P analysis. At each site an additional 30 mL of sample were filtered

through a 0.45 urn Gelman Nylon Acrodisc filter into a 30 mL acid washed vial

to be used to measure the soluble P fraction.

The soluble and total P measurements were carried out at the Central

Analytical Laboratory at Oregon State University using the Alpkem autoanalyser

and the same procedure as year 1, with the exception of a water diluent which

replaced a 0.25 percent NaCI diluent and the absorbance was changed from

680 nm to 880 nm to eliminate any interference due to Si. In both years a 1

cm focal path length was used.

Stream discharge was measured by the same device and procedure(s).
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pH

pH was measured in-stream by an Orion SA 250 pH meter. The meter

was manually calibrated and rechecked every few sampling locations.

GIS

The stream, sampling locations, soils, topography, landuse and derived

drainage nets were digitized using an IBM 386 computer, a GTCO Digi-Pad 5

digitizer and Terrasoft and Fox Pro software.

Soils were digitized from the paper maps within the Yamhill area soil

survey and the maps were frequently re-registered to minimize any error from

swelling and shrinking due to temperature and/or humidity changes within the

room. Topography was digitized from USGS 7.5 minute maps. These maps

were also paper and were frequently re-registered to minimize error.

Landuse was digitized from 1991 aerial photographic slides in a two step

process. These slides were projected onto the 7.5 minute USGS quadrangles

and adjusted to the exact scale, and overlayed into their exact geographical

positions using various land features such as roads, streams and buildings.

The types of land use were referenced with the Yamhill Soil Water

Conservation District (YSWCD) and then traced onto the 7.5 minute quadrangle

by hand. These maps were later digitized on the GTCO digitizer.

Drainage nets were digitized by using the concept of flow nets and the

digitized topography. The contour lines from the digitized topography are
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assumed to be analogous to the elevation head. Any runoff or overland flow

will move from a higher to a lower elevation head and will always flow

perpendicular to these contour lines. This was also assumed to be generally

true for subsurface flow.

Silica

It was determined that silica played an important role in the measurement

of SP during the first year of study. According to the Methods of Waste Water

Analysis (1976) Si could be a positive interference (indicating greater amounts

of P than were actually present) in the analysis of SP, if it were present in

concentrations of 10 ppm or greater. This theory was tested in the Central

Analytical Laboratory at OSU and it was found that interference began at

concentrations as low as 3 ppm (Dean Hanson, personal communication). See

Table 7 for Si values throughout Baker Creek and Figure 3 for the threshold

and various levels of Si interference. The values for silica were extremely

consistent throughout the Baker Creek watershed and ranged between 8 and

14 ppm. The lowest values were at site 1 and the highest values occured

within the medial and lower portion of the basin with little variation to this

pattern. Average values ranged between 9 and 16.35 ppm with the highest

value at site 9 (the lower spring source) and the lowest value at site 1. The

highest average values within Baker Creek occured at sites 8 through 12 and
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averaged 11 11.56 ppm. This indicates that the year 1 values were

inaccurately high.



Table 7. Silica values.

[Si] ppm

Site 5/22/91 6/19/91 7/31/91 8/28/91 9/11/91 9/14/91 9/27/91 10/11/91 10/23/91

1 9 8 10 8 9 8 10 10 9

2 9 8 11 9 11 9 11 11 10

4 9 9 14 11 11 9 11 10 10

5 9 10 11 11 9 11 10 8

6 10 10 11 11 11 10 12 11 11

8 10 10 12 12 12 10 13 11 12

9 17 15 16 17 17 16 17 16 16

10 11 12 11 12 11 12 11 10

11 10 11 12 11 13 12 12 12 11

12 10 11 11 11 12 10 12 11 11

14 10 11 11 11 13 11 12 11 12

15 11 11 11 11 11 11 10 11

17 10 11 11 12 12 10 12 10 11

18 10 11 11 12 11 10 11 10 11
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Figure 3. Silica inlfluences on the analysis of phosphate with various
absorbance frequencies, reductants, and diluants against a 0.05
ppm phosphate standard.

Statistics

There are a few different statistical techniques that have been used

throughout the literature. Statistical analysis were not among the objectives of

this study and although many pages of analysis could have been performed,

this was not among the central issues concerning this watershed study.

However, a simple paired t-test was used to indicate potential significance

between differences in concentrations of soluble and total phosphorus between

different sampling locations and land use. The appropriate locations were

selected for comparison by using the digitized drainage nets, landuse and

stream information from the GIS data base. The data were imported into and
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analyzed in SAS Release 6.03.
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RESULTS

The Baker Creek Watershed comprises an area of 14,168 acres (5736 ha)

and rises from an elevation of 160 ft (49 m) on the Willamette valley floor to

2580 ft (787 m) above mean sea level, at its highest point in the Coast Range.

The watershed has been divided into three major portions based, loosely,

upon a combination of physiography, topography and landuse. The Coast

Range Mountains, the foothills of the Coast Range and the Willamette Valley

floor, correspond to the three major delineations. See Fig. 4.

The division of the watershed with respect to soil types and/or geologic

parent material is more difficult, but, also follows a pattern. The subdivision of

the watershed with respect to major landuse patterns is quite easy and the

delineations are more numerous.

The Distribution of Drainage, Soils and Landuse Classes Within the Baker

Creek Watershed.

Drainage Nets

Using GIS capabilities, the watershed was partitioned into drainage nets

that show the total land area, soils and landuse capabilities that influence each

stream segment and respective sampling point. Each sampling point is located
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at the intersection of the stream and the respective drainage net. Each

sampling point "sees" only the runoff and\or subsurface flow from that particular

net as well as each of the nets upstream. Within each of the nets the amounts

and distribution of soils and various types of land use were calculated using the

overlay capabilities of the GIS system. The 17 nets, with their respective areas

of influence are listed in Table 7 and illustrated in Figure 1.

Within each net there is a variety of soil types. The amounts (area) of

each series and phase was calculated by overlay and is displayed in table 8.

The various amounts and types of landuse per any given drainage net were

also calculated and displayed. Refer to Appendix C and Fig. 5.

The Upper Watershed

The upper portion of the watershed rises above 2500 ft (762 m) in

elevation and is composed of only forestlands. There are only two different

types of land use within this region; i) forest harvesting and replanting wich

compose over 99.99 percent of the area and, ii) forest recreation which consists

of a small lodge and lake occupying less than 2 of the 3,829 acres (1550 ha)

within this portion. These are not delineated separately and are within the

forestry (F) landuse class. Only the first four drainage nets isolate these two

uses completely and only the first two nets completely isolate forest harvest

practices. Relief within this portion of the watershed is 1980 ft (604 m) ,
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ranging between 2580 ft (787 m) at the crest (the western terminous of net 1)

to 600 ft (183 m) at the stream on the eastern terminous of net 4. See Fig. 4.

The Medial Watershed

The middle portion of the watershed represents nets 5 through 12 and the

relief is 1300 ft (396 m), ranging from 1500 ft (457 m) to under 200 ft (61 m) at

the stream on the eastern terminous of net 12. Refer to Fig. 4. The first

additional landuse types occur within net 5 with the influence of five homes

delineated as 2.5 acres (1 ha) of development, as well as approximately 25

acres (10 ha) of pastureland. There are also 142 acres (58 ha) of various row

crops located in nets 10 through 12. The total area of this portion of the

watershed is 6,034 acres (2474 ha), with 5,387 acres (2208 ha) or 89.3% in

forestry, 502 acres (205 ha) or 8.3% in pasture and 142 acres (58 ha) or 2.4%

in grass and row crops.

The Lower Watershed

The lower portion of the watershed lies between nets 13 and 17 and relief

ranges from 835 ft (255 m) to 160 ft (49 m) at Baker Creek, on the eastern

terminus of net 17. Additional land uses within this region include more

extensive development, dairy, grass-seed and grain production and an influence

from 102 acres of urban McMinnville. The total area of this portion of the

watershed is 4,305 acres (1765 ha) with 2,051 acres (840 ha) or 47.6% in
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forest and/or associated woodland, 82 acres (33 ha) or 1.9% in grass and/or

row crops, 1,656 acres (678 ha) or 38.5% in grass and/or grain, 64 acres (26

ha) or 1.5% in dairy or pature, 273 acres (111 ha) or 6.3% in rural development

and 175 acres (71 ha) or 4.1% in urban McMinnville.

Table 8. The 17 drainage nets and their respective areas.

Area(acres)

Net 1 196.72 Net 7 662.85 Net 12 810.24
Net 2 2606.13 Net 8 1032.81 Net 13 379.70
Net 3 177.45 Net 9 176.42 Net 14 163.42
Net 4 848.41 Net 10 803.65 Net 15 512.46
Net 5 781.15 Net 11 534.61 Net 16 2076.05
Net 6 1232.54 Net 17 1173.44

Soil types, amounts and geology

The amounts of the various soil series and their phases that are found

throughout the Baker Creek drainage are displayed in Table 5 and illustrated in

Figure 41. The various series and phases are also broken down by drainage

nets and major divisions and displayed in table 8. There are few patterns to

the soil distribution throughout the watershed, but, one pattern that may be

significant is the distribution of the finest soils (clay loarns) throughout the

medial portion of the watershed.

The amount of area underlain by igneous parent materials tended to
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decrease from the upper to lower portions of the basin. In the upper portion of

the watershed, 88 percent of the areas soils were mapped as underlain by

basalt, as opposed to 61 percent within the medial portion and 16 percent

within the lower portion. The amount of area mapped over sedimentary

deposits was 12 percent within the upper portion, increasing to 33 percent

within the medial portion and declining to 23 percent of the area within the

lower segment. There was no alluvial parent material within the upper portion

of the basin, but, there was an increase to 6 percent wihin the medial portion

and 61 percent within the lower segment.

The Upper Watershed

Within the upper, forested, portion of the watershed there is one clearly

dominant series, the Olyic. The Olyic is a fine-loamy, mixed, mesic Typic

Haplohumult (Table 5). The series is a well drained silt loam and is found on

slopes from 5 to 90 percent and is formed over basalt. Runoff is rapid and the

erosion hazard is severe on slopes of 30 percent or greater. This series

comprises 2,838 acres (1164 ha) or 74 percent of the total area within the first

four nets. The Hembre series occupies 515 acres (211 ha), or 13 percent of

the remaining 26 percent. The Hembre is a fine-loamy, mixed, mesic typic

Haplumbrept. It is also a well drained silt-loam with moderate permeability and

severe erosion hazard on slopes over 30 percent. Like the Olyic, the Hembre

is also formed over igneous (basalt) parent material. The remaining 13 percent
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of this portion of the watershed is divided between small amounts of Melby and

Astoria soils as well as 105 acres (43 ha) of freshwater marsh. The majority of

the soils withion this portion of the watershed are on slopes greater than 30

percent and all soils within this portion of the drainage are classified as well

drained, silt loams.

Geology

The areas of underlying geologic material were calculated from the

overlying soils as referenced by the Yamhill Soil Survey.

The Olyic and Hembre series are described as being underlain by basalt

parent material, while the Astoria and Melby series are mapped upon

sedimentary material. With respect to the soil survey, 3,353 acres (1,375 m) or

88 percent of the area within this portion of the watershed is underlain by

igneous(basalt) deposits. Twelve percent, or 476 acres (195 ha) of these soils

overlay sedimentary deposits of very strongly acid, fractured, shales and

siltstones whose origins are uplifted, marine, sediments.

During a field investigation with Dave Michael, engineering geologist from

the Oregon Department of Forestry, it was noticed that at least one relatively

thick and persistant pyroclastic rock unit can be identified within the igneous

rock sequence in the upper portion of the basin (David Michael, personal

communication).
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The Medial Watershed

Within the medial portion of the watershed there is a notable change in soil

types and diversity, as well as landuse.

This portion of the watershed represents an area of 6,034 acres (2474 ha)

containing over 18 different soil series, not including the delineated stony and

shale rock lands. Nets 5 through 12 compose this area of the watershed and

the dominant soil series is the Olyic, with 1549 acres (635 ha) and 26 percent

of the total area. The Jory is the second most dominant series with 930 acres

(381 ha) and 15 percent of the area, followed closely by the Yamhill series with

871 acres (357 ha) and 14 percent of the area. These three series comprise

55 percent of the soils within this portion while the remaining 45 percent of the

area is divided between 15 other series and 9 acres (3.7 ha) of shale and rocky

lands. The Jory soil is a clayey, mixed, mesic Xeric Haplohumult; a well

drained, clay loam formed from basalt colluvium. The Yamhill series is a fine,

mixed, mesic Pachic Ultic Haploxeroll; a well drained silt loam, formed over

basalt rock. This segment of the watershed also contains silt loams, but, there

is a preponderance of silty clay loams and clay loarns, a variety of much finer

soils than those within the upper portion of the watershed. The vast majority of

the soils within this segment are on slopes less than 30 percent and the overall

erosion hazard for these series and phases is slight.

The great majority of the finest soils occur within this segment of the basin.

One thousand seventy-two acres, or 88 percent of the clay barns are found in
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the medial portion of the watershed, as opposed to 0 percent within the upper

portion and 12 percent within the lower segment. See Table 6 and Fig. 6. The

clay loams predominate at the mid-elevations of this segment of the basin.

Geology

Within the middle portion of the watershed 1,963 acres (805 ha), or 33

percent of the soils mapped were formed over sedimentary materials. 379

acres (155 ha), or 6 percent of the soils were mapped as formed on recent or

old alluvium. The remaining 3,692 acres (1514 ha), or 61 percent of the soils

mapped, were over igneous (basalt) parent material.

The Lower Watershed

The lower portion of the watershed consists of the 4,305 acres (1765 ha)

that are within nets 13 through 17. The soils within this portion of the basin

are, on the average, less fine than than the medial portion. The Jory and Nekia

clay loams feather out completely with the decline in elevation and the change

in geomorphic surfaces and there is a re-emergence and preponderance of the

silt loam textural class. The dominant soil types within this segment are the the

Willakenzie and Willamette series with 579 acres (237 ha) and 515 acres (211

ha) respectively. The Yamhill, Woodburn and Amity series are the remaining,

predominant, soil types. The Willakenzie occupies 13 percent of this segment,

the Willamette series occupies 12 percent, the Yamhill comprises 10 percent
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and the Woodburn, 8 percent. The textural class of these five major soil types

is silt loam with the exception of the Willakenzie, which is a silty clay loam. The

Willakenzie series, along with the other silty clay and clay loams, occupies the

higher elevations, or the upper part of this portion of the basin. Only 12 percent

of this segment of the watershed comprises soils with a textural class of clay

loam to clay and the only clays within the entire drainage are 70 acres (29 ha)

of the Cove series located on the high terrace.

Geology

Within the lower segment of the watershed only three series, comprising

696 acres (285 ha), are mapped over igneous parent material. This is only 16

percent of the area as compared with 61 percent within the medial portion and

88 percent within the upper segment of the basin. Six soil series and 4 acres

(1.6 ha) of shale lands comprise 981 acres (402 ha), or 23 percent of area

mapped over sedimentary rocks. The remaining 61 percent of the area is

delineated by 10 additional soil series with recent or old alluvium parent

material.
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Landuse Classes

The major types of landuse within the Baker Creek watershed were easily

delineated and grouped into six different catagories:

i) Forestry

ii) Pasture

iii) Development

iv) Grass and row crops

v) Grass and grains

vi) Urban development

The foresty landuse class (F) is comprised of areas of mature (80 years of

age or greater) and young stands of conifers, as well as replanted seedlings

and areas of exposed soil from mass wasting and poorly placed clearcuts and

roading. Associated woodlands (hardwood and conifer), in the lower parts of

the basin, were also included within this designation.

The pasture landuse class (P) is composed of land within the middle

portion of the watershed that has been cleared of trees and brush and used to

graze cattle and/or sheep. Land used for this purpose, in both present and

past, was included. A parcel of land within the lower segment of the basin

housed a dairy operation and this was also designated as pasture.

Any area where there were groups or clusters of homes (rural) was placed

in the Development landuse class (D). Areas of isolated, single dwellings were
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not included and the urban influence of the city of McMinnville was also

mapped separately.

The grass and row crop landuse designation (GR) is comprised of land that

saw alternate use between grass and various types of row crops during the

periods of study and the recent past.

The grass and grain landuse class (G) is land that is predominantly used

for grass seed production, but, is alternately used for the production of various

types of grains. There is also a miniscule amount of tree farming and row crop

that is within this class designation.

The urban class designation (U) is comprised of a small portion of

northwestern McMinnville that is adjacent to Baker Creek and influences the

terminal sampling point.

The Upper Watershed

The upper 3,829 acres (1570 ha) are mapped within the Forestry landuse

designation. Less than two acres (0.8 ha) (< .005 percent) are used for forest

recreation and are not delineated separately. The upper segment consists of

drainage nets 1 through 4. Net 1 has undergone no recent harvesting

practices, while net 2 has experienced harvest over approximately 33 percent of

its area within the last twenty years. Nets 3 and 4 have experienced harvesting

over approximately 35 percent of their combined areas within the last twenty

years (Saminen and Beschta, 1991). One hundred percent, or 3,839 acres
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Figure 8. Baker Creek watershed: streams, drainage nets and landuse.
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(1574 ha ) of this area is contained within one landuse class. See Fig. 4.

The Medial Watershed

The medial portion of the watershed consists of nets 5 through 12 and

overlays 6,034 acres (2474 ha). There is an increase in the diversity of

landuse throughout this segment. There are four different landuse classes

within this segment:

i) Forestry

ii) Pasture

iii) Development

iv) Grass and row crop

The development of some of these uses (pasture in particular), on a more

intensive level, began over a half a century ago (Stan Christensen, personal

communication).

Table 9 lists the types, areas and percentages of the various landuses

within this segment. See Fig. 5.

The Lower Watershed

The lower portion of the basin consists of nets 13 through 17 and

comprises 4,305 acres (1765). Along with soil types, the greatest diversity of

landuse also exists within this segment. All six classes of landuse are found

within this portion of the watershed. See Table 9 and Figure 5.
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Table 9. The types and amounts of landuse within each drainage net.

Area(acres)
Landuse Landuse

Net 1 Net 11
Forestry 194.32 Forestry 343.14

Grass&Row 131.25
Net 2 Pasture 60.08

Forestry 2599.05
Net 12

Net 3 Development <1.00
Forestry 176.34 Forestry 794.20

Grass&Row 7.78
Net 4 Pasture 7.01

Forestry 847.33
Net 13

Net 5 Development 26.27
Development 2.51 Forestry 353.27
Forestry 756.85
Pasture 19.28 Net 14

Development 26.83
Net 6 Forestry 135.99

Forestry 1153.62
Pasture 78.29 Net 15

Development 81.35
Net 7 Forestry 258.11

Forestry 634.09 Grass 107.86
Pasture 27.56 Pasture 64.41

Net 8 Net 16
Forestry 875.76 Development 138.67
Pasture 155.09 Forestry 1186.48

Grass 671.63
Net 9 Grass&Row 73.82

Forestry 125.73 Pasture <1.00
Pasture 650.45

Net 17
Net 10 Forestry 117.33

Forestry 692.13 Grass 875.88
Grass&Row 3.33 Urban 174.75
Pasture 103.79
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Watershed Chemistry and Hydrology

Temperature

During the periods of low flow the temperatures of the surface and spring

waters within the Baker Creek drainage ranged between 10 degrees C, at the

headwaters, to 17 degrees C at the terminal sampling point.

During periods of high flow (Nov. to May) temperatures ranged between 0

and 10 degrees C over the same locations.

pH

The pH of the surface and spring waters of the Baker Creek watershed

was extremely homogeneous and ranged between 7.21 and 7.93 over all

periods and locations of sampling. This includes the upper stream segments

draining strongly acid soils. There were no general trends for pH within the

springs or surface waters of the basin.

Rainbow Lake

Rainbow Lake did not exist for most of the first year of study thus, there is

no data available for this sampling period. The lake was restored in the fall,

but, there were only two samplings of the lake over the winter highflow period.

These in-lake samples represent the upper 25 to 30 cm of water within 1 meter

of the shore. The average of the two samples was 40.5 ug/L SP with a
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standard error of 1.5 ug/L. The concentrations of SP throughout the entire

basin were very homogeneous during the high flow period. Refer to table 10.

The lake was in place and sampled more intensively (from July through

October) during the low flow period of year two. These samplings represent the

upper 25 to 30 cm of the lake within 3 meters of the shore and are listed in

Table 10.

During this period the average, in-lake concentration of soluble P was only

6.13 ug/L and was extremely low with respect to the rest of the basin. At the

same time, algal blooming within the lake was extreme and at a maximum.

Soluble P concentrations were the lowest within the basin, possibly due to lake

stratification and the uptake of soluble P that fueled the blooms within the lake.

The most extensive algal blooms within the entire basin occured within Rainbow

Lake during the low flow, summer months from July through October. There

were no significant human activities above the lake during any sampling period.

There was minimal activity around the lake due to restoration.

Table 10. Rainbow Lake soluble P concentrations.

Date (1991) 7/15 7/31 8/13 8/28 9/11 9/24 10/1 10/22

Conc. (ug/l) 9 5* 8 4* 6 8 5* 4*

a ues at or aeiow aetection limit.

Spring sources

There were two different spring sources sampled within the Baker Creek
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watershed. The upper spring source is located within the upper segment of the

basin, SSW of Rainbow Lake. This source is at 715 ft (220 m) in elevation and

is, approximately, 7 m above the elevation of the lake. The lower spring source

is located within the medial portion of the watershed at an elevation of 300 ft

(92 m). There is no human activity above the upper spring source and only

small amounts of pasture above the lower spring source. See Fig. 2.

The only opportunities to sample the upper spring source were during the

first year low and high flow periods due to low discharge during the second

year. There were 18 observations during the low flow period and four during

winter high flow conditions. The average SP concentrations for this source

were 91 ug/L during low flow and 50 ug/L during the high flow period of year 1.

See table 11.

The lower spring source was sampled during all three periods. This

sampling point had the greatest concentrations of soluble and total P, and the

lowest amounts of suspended solids, throughout the entire drainage basin, for

all periods sampled. Contamination of this spring source was suspected and

samples were analyzed for various types of bacteria, with negative results.

This spring source, at times of higher flow, had a piezometric head a few feet

above the surface, suggesting the possibility of a confining layer. The average

soluble P concentrations were, 123.3 ug/L during year one low flow, 84 ug/L

during year one high flow and 39.5 ug/L during year two low flow. Total P

concentrations averaged 44 ug/L. See table 11. Gregory et al., (1990)
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sampled six springs within the caldera of Crater Lake and found that they

contained high concentrations of NO3-N and SP and TP. The spring sources

within the Baker Creek watershed may provide insight into various aspects of

the chemical nature of the deeper groundwater. In turn, this information may

relate back to the deeper, geochemical environment and the solid phase, or

geologic parent material, in particular.

Temperatures and pH values of these spring sources were within the

ranges given throughout the watershed and quite homogenous. During

summer, temperatures were cooler than the nearby surface waters and during

the colder parts of winter the temperatures of the springs were warmer than

those of the stream.

Table 11. Soluble phosphorus concentrations in upper spring source (site 3,
yr1).

Date
Conc.
(ug/L) Date

Conc.
(ug/L) Date

Conc.
(ug/L)

5/22/90 86 7/3/90 99 8/14/90 81

5/29/90 91 7/10/90 95 8/21/90 95

5/29/90 82 7/17/90 90 8/28/90 85

6/13/90 84 7/24/90 98 9/04/90 116

6/20/90 103 8/02/90 85 9/11/90 76

6/27/90 95 8/08/90 95 9/17/90 79
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Table 12. Soluble phosphorus concentrations in the upper spring source
(site 3, highflow).

Date 11/30/90 2/28/91 3/27/91 4/24/91

Conc.(ug/L) 70 49 42 39

Table 13. Soluble and total phophorus concentrations within the lower
spring source (yr2).

Conc.
Date (ugP/L)

Conc. Conc.
Date (ugP/L) Date (ugP/L)

SP TP SP TP SP TP
5/22/91 52 7/15/91 36 50 9/11/91 37 50

6/05/91 49 -- 7/31/91 37 68 9/24/91 39 48

6/18/91 49 8/13/91 35 56 10/11/91 34 59

7/03/91 36 75 8/28/91 30 62 10/22/91 40 58

Discharge

Discharge from the upper and lower spring sources could not be

measured.

Stream discharge within the Baker Creek watershed ranged from a low of

0.01 m3/s at the headwaters during low flow, to a high of 4.4 m3/s at the

terminal sampling point during high flow. Amount of discharge consistently

increased from the upper to the lower watershed boundary, except during

periods of irrigation withdrawal. These data are exclusive of peak flow events.

Average flows, during the low flow period of year one, ranged from 0.02
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m3/s at site 1 to 0.36 m3/s at site 18. Discharge and the subsequent average

values decreased significantly for sampling locations 11 through 18 due to

summer irrigation. During this period flow increased 18 fold, on the average,

from the upper to the lower watershed boundary.

During the high flow period, average discharge increased from 0.09 m3/s at

site 1 to 2.82 m3/s at site 18. This is a 31 fold increase, with no interference

due to irrigation.

Discharge was noticably less during the second year samplings. The

baseline flow from the first five sites within forestry had the same average

values as the previous year (except site 2), but, the amount of water exiting

sites 8 through 18 was noticeably less. The average value at site 1 remained

0.02 m3/s, but, the average discharge value of the water leaving the basin was

only 0.25 m3/s. This was an increase of only 12 fold from site one and was

only 69 percent of the previous year's average discharge at the same location

at the same time. Refer to table 14 for the average values of discharge.
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Table 14. Average discharge values for all sampling locations within Baker
Creek watershed (low flow:yrs 1 and 2).

Site Yr1 Yr2
Flow (m3/s)

Site Yr1 Yr2 Site Yr1 Yr2

1 .02 .03 7 .23 13a .26 .017

2 .13 .14 8 .24 .21 14 .26 .19

4 .17 .17 10 .25 .22 15 .26 .19

5 .18 .18 11 .25 .20 17 .34 .25

6 .22 .20 12 .25 .16 18 .36 .27

Table 14 cont'd.

Average discharge values for all non-spring source locations during high
flow yr1. (monthly samplings; exclusive of peak events).

Site Site
Flow (m3/s)

Site Site Site

1 .09 5 .98 8 1.87 12 2.64 15 2.66

2 .41 6 1.45 10 2.13 13 ---- 17 2.78

4 .74 7 1.55 11 2.03 14 2.65 18 2.82
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Figure 9. Discharge yr.1: Upper watershed

Figure 10. Discharge highflow: Upper watershed
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Figure 11. Discharge yr.2: Upper watershed
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Figure 12. Discharge yr.1: Medial watershed

Figure 13. Discharge highflow: Medial watershed

Figure 14. Discharge yr.2: Medial watershed
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Figure 15. Discharge yr.1: Lower watershed
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Figure 16. Discharge highflow: Lower watershed
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Figure 17. Discharge yr.2: Lower watershed
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Phosphorus Concentrations

Analysis of the concentrations of P within the Baker Creek watershed must

be separated between the two years of study, due to the discovery of a positive

silica interference and the subsequent modifications of the analytical

technique(s) in order to eliminate it. See the section on silica, in methods and

materials, page 92. The Baker Creek samples were analyzed for SP during

both years of the study and TP from July through October, 1991. During the

low flow period of year 2, SP concentrations ranged from 11 to 95 percent of

the TP values with and average of 50 percent. On five of the samples,

recovery was inadequate and the TP values were less than the SP fraction.

Seasonal patterns - Year 1

Low Flow (May 1 to Nov. 15)

During the sampling periods of year one, only soluble P was measured.

Concentrations within Baker Creek ranged from a low of 30 ug/L, on Jan. 28, at

sites 2-5, to a high of 768 ug/L at site 11 on Oct. 11. See Figures 18-20. The

value at site 11 was the highest recorded within the basin during all sampling

periods and occured with increasing discharge after the first fall rain (see

Fig.21). The five greatest average values occured at sites 9, 11, 10, 18, and 8,

respectively, during the period of summer low flow. There were no significant

differences between the values at sites 10 and 18 and sites 8 and 18.
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High Flow (Nov. 15 to May 1)

Sites 9, 13a, 17, 18 and 11 had the greatest average values during winter

high flow. Statistics were not performed on these high flow data since there

were only 4-5 observations, as compared with 23 observations for the low flow

period. The month of December could not be sampled due to bad weather.

The period of high flow created the opportunity to sample a small, first

order stream draining a small development and an additional "drainage" that

was not a stream by definition, but, allowed me to sample overland and lateral

flow from dairyland. During this period there were only 4 sampling dates for the

development and only three dates for the dairy. The stream draining the

development averaged 59.5 ug/L SP and the "drainage" from the dairy

averaged 57.7 ug/L SP. Both of these values were significantly higher than any

other non-spring source location within the basin, during this period. See Table

15.

With the exclusion of the development and dairy sites (since they were not

sampled during the low flow period and cannot be compared), three of these

four locations are the same ones listed during the low flow period, despite the

difference in the number of observations and the lack of significance between

some of the concentration differences.

The upper spring source was also excluded from these ratings since it

could not be sampled during the second year and thus, could not be compared.

It did, however, rank third in average SP concentrations during the year 1 low
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flow period and second during the high flow period.

Table 15. Soluble P concentrations in two first order streams draining a
dairy and a development (High flow yr1).

Location 11/30/90 2/28/91 3/27/91 4/24/91

Dairy: SP Conc.(ug/1) 43 68 62 -

Development: SP Conc.(ug /l) 55 29 51 103

Seasonal Patterns-year 2

Low Flow

The second year was sampled during low flow only, but, both SP and TP

were measured. There were 22 dates sampled for SP and 9 of those

samplings were analyzed for TP.

During this period the lowest concentration of soluble P occured on July 14

at site 2 and was below the detection limit of 5 ug/L. The highest soluble

values were 38 ug/L and occured on Aug. 13, at sites 11 and 13a. Site 13a

was within a first order stream which drains a moderate sized development

adjacent to Baker Creek. This location and date also had the highest total P

concentration at 69 ug/L. Site 13a was sampled 6 times during low flow and

averaged 24.7 ugSP/L. This value was significantly greater than any other non-

spring source value, within the watershed, during this period.

The five greatest average SP values occured at sites 9, 13a, 11, 8 and 18,

respectively. There is no significant difference between the average values at
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Figure 18. SP concentrations yr.1: Upper watershed
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Figure 19. SP concentrations yr.1 highflow: Upper
watershed
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Figure 20. SP concentrations yr.2: Upper watershed
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Figure 21. SP concentrations yr.1: Medial watershed

27 -Mr -Y1 14-spr-I1

site 5 -s_site 6 --site 8 -st-srte 10-9-slte 11

Figure 22. SP concentrations highflow: Medial
watershed
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Figure 23. SP concentrations yr.2: Medial watershed
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Figure 24. SP concentration yr.1: Lower watershed
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Figure 25. SP concentrations highflow: Lower

watershed
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Figure 26. SP concentrations yr.2: Lower watershed
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sites 8, 18 and 6, as they are all within 1 ug/L of each other. Four of the five

locations, with the highest average soluble P values, were the same during the

two low flow periods. Interestingly, four of the five locations were also the

same ones ranked within the low flow period of year 2 and the high flow period

of year 1.

The values of total P within this period closely followed the patterns of

soluble P. The lowest value of total P, within Baker Creek, was 14 ug/L and

occured at site 14 on Aug.17. The highest stream value was outside Baker

Creek at site 13a on Aug. 12 and was 69 ug/L. The five sites with the highest

average concentrations of total P are 9, 13a, 18, 11 and 10, respectively.

There is no significant difference between the values at sites 10 and 17.

Four of these five sites are the same four sites ranked within the high flow

period of year 1 and the low flow period of year 2. The exception is the low

flow period of year 1 when site 13a was not sampled, but, three of these five

sites are the same ones ranked within the low flow period of year 1. See table

16.
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Table 16. Ranking of sampling locations by sampling period and highest
concentrations of soluble and total phosphorus.

Year 1 (low flow) Year 1 (high flow)
SP SP

Year 2 (low flow)
SP & TP

Rank
Sampling
location Rank

Sampling
location Rank

Sampling
location

1 site 9 1 site 9 1 sites 9& 9
2 site 11 2 site 17 2 sites 11 & 18

3 site 10 3 site 18 3 sites 8 & 11

4 site 18 4 site 11 4 sites 18 & 10

5 site 8 5 site 6 5 sites 6& 17

Patterns in relation to drainage nets and landuse.

Within Baker Creek, the concentrations of SP and TP are at their lowest

values within the forestry landuse class and drainage nets 1-4, specifically. The

general pattern is slight increases in concentrations with downstream direction

untill site 11 (net 10), after which the concentrations decrease or remain very

similar until site 17 (net 16). The increase in concentration with the

downstream direction is generally significant, while the decrease is not. See

table 17.

The differences in P concentrations between two or more sampling points

influenced by the same landuse class(es) were seldom significant. Location 1

is influenced only by mature stands of conifers and a small amount of alder,
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Figure 27. TP concentrations yr.2: Upper
watershed
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Figure 28. TP concentration yr.2: Medial
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Figure 29. TP concentrations yr.2: Lower
watershed
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that comprise net 1. The values at this site could be considered natural, or

background levels. Site 2 is influenced by net 1 and the forest practices within

net 2. Only during low flow of year 1 was the difference in these concentrations

statistically significant. Silica interference and a large marijuana cultivating

operation within net 2 could have been responsible for the difference and

skewed the result as there was a high probability of fertilizer application near

the stream. The differences in concentrations of SP and TP, between these

two points, were not significant during the other sampling periods.

The influence of the lodge and the lake (site 4, net 3) was not enough to

significantly change the concentrations of SP or TP during any of the sampling

periods. Location 6 (net 5) is influenced by the additional landuse classes of

development and pasture. The difference between sites 6 and 1 remained

highly significant for the low flow period of year 1 and the ITI value decreased

from 0.844, for sites 2 and 1, to 0.021 for sites 6 and 1 during year 2. During

high flow the ITI value decreased from .828 to .085 for the same sites.

Net 5 (site 5) is influenced by 2.5 acres (of development immediately

adjacent to the stream and 19 acres of pasture within close proximity (60m) to

Devils Creek, which drains into Baker Creek at the northern edge of the small

development. The area within net 5 is still 97 percent forest.

The medial portion of the watershed is influenced by increasing amounts of

pasture within closer proximity to the stream (0-500m). Sites 6 through 11

(nets 6-9) effectively isolate the parcels of land under pasture since the density
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of homes in the vicinity of the stream remains, approximately, the same as in

net 5. Therefore, the dominant landuse change within this area is the

increasing amounts of pasture. See Table 9 and Fig. 5.

Site 11 is most immediately influenced by nets 9 and 10. There is an

increase in the percentage of the area under pasture from 3 percent in net 5, to

40 percent in net 9 and 16 percent within net 10. The differences in

concentrations of SP and TP between sites 11 and 5, which are only slightly

influenced by the same landuses, are highly significant during all periods of

sampling. The differences between sites 11 through 6, which are strongly

influenced by the same landuse class, are not significant. See Table 17.

The lower portion of the watershed is influenced by the greatest diversity in

landuse classes. All six types of landuse within the basin are found in nets 12

through 17. The percent of land under forest increases from 60 percent within

net 9 to 98 percent within net 12. After net 12 there is a steady decrease in

forest and woodland area from 98 percent, to 10 percent within net 17. See

Table 9 and Fig. 5.

Concentrations of SP and TP generally decreased, or remained statistically

the same, from site 11 through sites 15 to 17 (nets 9 through 16).
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Table 17. Paired t-test results of average SP and TP concentration
differences between various locations and landuses.

[SP] Low flow year 1.*

Site
Comparison

Mean
Difference Std Error Prob T > [T]

site: 2 1 7.13044 1.46946 0.0001

site: 6 1 10.39130 1.61605 0.0001

site: 11 5 5.82609 1.17560 0.0001

site: 11 6 2.95652 1.41767 0.0488

site: 17 11 -29.78261 30.32244 0.0337

site: 18 11 -28.17391 30.57096 0.3667

site: 18 17 1.60870 1.16731 0.1820
*N = 23

Table 17. cont'd. [SP] high flow year 1.*

Site
Comparison

Mean
Difference Std Error Prob T > [T]

site: 2 1 -0.20000 0.86023 0.8276

site: 6 1 5.00000 2.19089 0.0846

site: 11 5 4.40000 0.87178 0.0072

site: 18 5 14.40000 6.22575 0.0818

site: 17 11 6.00000 2.23607 0.0550

site: 18 11 10.00000 5.70088 0.1543

site: 18 17 4.00000 5.40370 0.5003

*N =5
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Site
Comparison

Mean
Difference Std Error Prob T > [T]

site: 2 1 0.15385 0.76666 0.8443

site: 6 1 3.84615 1.45376 0.0213

site: 11 5 5.66667 1.25126 0.0009

site: 17 5 2.00000 0.57735 0.0053

site: 17 - 11 -3.53846 1.44832 0.0300

site: 18 - 5 4.58333 0.90837 0.0004

site: 18 17 2.46154 1.08377 0.0423

* N = 13

Table 17. cont'd. [TP] low flow year 2.

Site
Comparison

Mean
Difference Std Error Prob T > [T]

site: 2 1 -4.00000 1.31233 0.0159

site: 6 1 -1.77778 2.19708 0.4418

site: 11 2 10.22222 4.94632 0.0726

site: 11 5 6.77778 4.64213 0.1824

site: 11 6 8.00000 5.02217 0.1498

site: 12 11 -8.22222 5.90851 0.20105

site: 17 11 -5.33333 5.23079 0.3378

site: 18 2 16.75000 11.68294 0.1948

site: 18 11 9.50000 7.76209 0.2602

site: 18 - 17 11.62500 11.52007 0.3465

* N = 9
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Phosphorus Loads

Load is the product of discharge and concentration and is an important

hydrologic parameter as it relates to the total amount of a substace moved

through any given region or point, during any specific time period.

Within Baker Creek, the loads of both SP and TP generally increased with

decreasing stream elevation. This is not surprising due to the magnitude of

literature that strongly correlates load as a function of discharge, as opposed to

the concentration of the nutrient. Also, within Baker Creek, concentrations often

changed by a factor of 2 or less, while stream discharge changed by an order

of magnitude or more. Figs. 18-26 illustrate the concentrations of SP at the

different sampling points within the various portions of the watershed. Figs. 9-

17 illustrate the discharge at the same locations and Figs. 30-38 show the

resultant loads and illustrate the dependence and relation of load upon

hydrology and discharge. See Table 18 for average loading values with respect

to any given period.

It is confusing to look at loads throughout the watershed during the low

flow periods, since the discharge was altered due to irrigation withdrawal.

There are, however, some interesting patterns in the average nutrient load

within Baker Creek.

SP high Flow

Within the high flow period there was a steady and consistent increase in
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Figure 30. SP load yr.1: Upper watershed
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Figure 31. SP load highflow: Upper watershed

Figure 32. SP load yr.2: Upper watershed
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Figure 33. SP load yr.1: Medial watershed
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Figure 34. SP load highflow: Medial watershed
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Figure 35. SP load yr.2: Medial watershed
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Figure 36. SP load yr.1: Lower watershed
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Figure 37. SP load highflow: Lower watershed
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Figure 38. SP load yr.2: Lower watershed
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load with downstream direction, regardless of P concentrations, as stream

discharge steadily increased. Concentrations of SP were homogeneous, while

average discharge increased from .09 m3/s (site 1) to 2.82 m3/s (site 18) and

was the major factor in the loading during this time. See Table 14.

SP Low Flow

The high flow pattern did not hold during the two low flow periods, but, not

always for the suspected reasons. During the low flow period of year 1, there

was a steady increase in average load from site 1 through site 11 (0.095 kg/d

to 2.91 kg/d SP) before a sharp decrease in load from site 11 through site 16.

Site 11 had the greatest average load within the entire basin for this period.

The average discharge at point 11 was equivalent to, or less than, the values at

some of the points above and below this location. Concentrations of SP played

a much greater role in loading within this period. The average load at site 18

was 0.4 kg/d SP less than the load at site 11, even though the average

discharge was 50 percent greater at site 18. See Table 18.

During the low flow period of year 2 there were similar patterns although

the relative values were much less, due to changes within the analytical

technique, as well as a reduction in discharge. Again, a steady increase in

average load was observed from site 1 through site 11 (0.029 kg/d to 0.36 kg/d)

before a sharp decrease in load from sites 11 through 16. Similar to year 1,

the average discharge was greater at some of the sites, both, above and below
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site 11. The average load at site 17 was only 6.9 percent greater than site 11,

but, the average discharge was 25 percent greater. The average load at site

18 was 26.7 percent greater than site 11, while the discharge was 35 percent

greater. SP concentrations played a substantial role in loading within this

period.

Low Flow - TP

The same pattern for SP was observed for TP loads within the basin.

There was an increase in average load from 0.074 kg/d at site 1, to 0.55 kg/d

at site 11 before a sharp decrease from site 11 through 16. One difference in

loading with respect to TP, is the fact that the average load at site 17 is 4.7

percent less than site 11, though the average discharge is 25 percent greater.

Site 18, however, had an average load of 0.937 kg/d, an 88.7 percent increase

in load with only a 35 percent increase in discharge as compared to site 11.

The average load of TP passing site 11 was the second highest in the basin

during this period even though discharge was greater at some of the sites

above and below this location. See Table 18 and Figs. 39-41.
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Table 18. Average loads of SP and TP at all locations throughout all three
sampling periods.

Year 1 Low Flow Year 1 High Flow Year 2 Low Flow Year 2 Low Flow

Average Load kg/d

Site SP Load Site SP Load Site SP Load Site TP Load

1 0.10 1 0.27 1 0.03 1 0.07

2 0.74 2 1.26 2 0.18 2 0.25

4 0.99 4 2.32 4 0.21 4 0.29

5 1.12 5 2.97 5 0.19 5 0.37

6 1.42 6 4.97 6 0.31 6 0.41

7 1.53 7 5.33 7 7

8 1.62 8 6.29 8 0.36 8 0.42

10 1.69 10 7.65 10 0.31 10 0.54

11 2.91 11 7.38 11 0.36 11 0.55

12 1.68 12 9.19 12 0.24 12 0.29

13 1.69 13 13a 0.04 13a 0.05

14 1.69 14 9.19 14 0.26 14 0.33

15 1.71 15 10.07 15 0.22 15 0.37

17 2.34 17 10.74 17 0.39 17 0.53

18 2.50 18 10.62 18 0.46 18 0.94
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Figure 39. TP load: Upper watershed

Figure 40. TP load: Medial watershed
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Figure 41. TP load: Lower watershed
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Load Per Area

Looking at the amount of loading on a per area basis, also produced some

interesting and familiar patterns within the basin. Most of these patterns were

consistent through both years of the study.

Year 1 - SP

Within the low flow period of year 1 the average values of SP load, on a

per area basis, were the highest at site 1 (0.389 Ib /acre /yr) (0.431 kg/ha/yr) and

steadily decreased through site 10 (0.176 Ib /acre /yr) (0.195 kg/ha/yr). Site 11

was a familiar pattern as the load jumped to 0.274 lb/acre/yr (0.304 kg/ha/yr)

and then sharply decreased to approximately half this value from sites 12

through 18. Values from sites 10 through 18 were heavily influenced by

irrigation and would be greatly reduced as stream discharge was reduced. Any

comparisons between the upper and lower watershed, during low flow, must

consider this behavior. Site 11 had the second highest value, however, even

though it is influenced by irrigation withdrawal.

The pattern was similar within the highflow period, even though there was

no masking due to the withdrawal of water from the stream. The highest

average value of load per area occured at site 1 and decreased through site 2

before steadily increasing from site 4 through 12. There is a sharp decrease

after site 12 and an equally sharp increase through sites 14 and 15. Values



147

decreased from site 15 through 18. Site 1 had the highest value, closely

followed by sites 12 and 10. See Table 19.

The average values from low and high flow were weighted and included

together to determine more accurate export values for the watershed, on a

yearly basis. The pattern was the same one for the low flow period. Site 1 had

the highest export value (0.706 Ib /acre /yr) (0.783 kg/ha/yr) followed closely by

sites 11, 10 and 12. Site 13 had the lowest export value, as was the case in

the high flow period. Within the low flow period site 13 was, essentially, the

same as sites 14 and 15 for the lowest export values. See table 19.

Year 2 - SP

The pattern on Baker Creek remained similar through the low flow period of

year 2. The highest value of load per area was at site 1 (0.111 Ib /acre /yr)

(0.123 kg/ha/yr) with a decrease through site 5 (0.033 Ib /acre /yr) (0.037

kg/ha/yr). There was the usual increase after site 5, but, values remained fairly

consistent through site 11, before the sharp decrease from site 11 through 18.

The greatest export value within the basin at this time was at site 13a within the

development in net 14 (0.179 Ib /acre /yr) (0.198 kg/ha/yr). The lowest values

were at sites 15 and 14, which was the same location as in year 1 low flow

(site 13 was not sampled during year 2).
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Total Phosphorus

The average TP export values followed the same patterns. The highest

value on Baker Creek was at site 1 (0.296 Ib /acre /yr) (0.328 kg/ha/yr), while the

highest within the entire basin was site 13a (1.63 Ib /acre /yr) (1.807 kg/ha/yr).

There was the steady decline in values from site 1 through site 8 and the sharp

decline from sites 11 through 17. One major difference in the export values of

TP was the sharp increase from site 17 to site 18 from 0.033 lb/acre/yr (0.037

kg/ha/yr) to 0.053 lb/acre/yr (0.059 kg/ha/yr). This behavior did not occur with

the SP fraction.

There was no high flow sampling for year 2 and a weighted average for the

year could not be obtained.



Table 19. Average loads on a per area basis for all locations and sampling periods.

Year 1 Low Flow
SP Load

Year 1 High Flow
SP Load

Year 2 Low Flow
SP Load

Year 2 Low Flow
TP Load

Site lb/A/yr kg/km2/yr Site lb/A/yr kg/km2/yr Site lb/A/yr kg/km2/yr Site lb/A/yr kg/km2/yr

1 .389 43.59 1 1.093 122.49 1 .111 12.45 1 .296 33.17

2 .212 23.76 2 .359 40.23 2 .051 5.72 2 .072 8.07

4 .209 23.42 4 .486 54.46 4 .045 5.04 4 .061 6.84

5 .192 21.52 5 .510 57.15 5 .033 7.70 5 .063 7.06

6 .209 23.42 6 .732 82.03 6 .046 5.16 6 .060 6.72

7 .183 20.51 7 .639 77.66 7 --- 7

8 .169 18.94 8 .654 73.29 8 .037 4.15 8 .044 4.93

10 .172 19.28 10 .778 87.19 10 .031 3.47 10 .055 6.16

11 .268 30.03 11 .681 76.32 11 .033 3.70 11 .051 5.72

12 .146 16.36 12 .799 89.54 12 .021 2.35 12 .025 2.80

13 .135 15.13 13 13a .179 20.06 13a 1.635 183.22

14 .131 14.68 14 .707 79.23 14 .020 2.24 14 .004 0.45

15 .123 13.78 15 .728 81.58 15 .016 1.79 15 .027 3.03

17 .143 16.02 17 .654 73.29 17 .024 2.70 17 .032 3.59

18 .140 15.69 18 .594 66.57 18 .025 2.80 18 .052 5.83
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Turbidity, Suspended Solids, Chloride and Nitrogen

During the low flow period of year 2, several of the sites on Baker Creek

were sampled for N, turbidity and total and suspended solids, for additional

indications as to the water quality within the stream. Chloride was sampled to

provide an indication of ground water input. There were no statistics performed

on these data since there were only three sampling dates that were analysed.

See Table 21.

Turbidity

The lowest average turbidity value within the entire basin was the spring

source at site 9 (0.57 NTU) and the highest was site 13a (10.75 NTU), within

the development in net 14. The lowest average value within Baker Creek was

site 1 (1.53 NTU), the highest was site 18 (7.58 NTU). The largest increase

was between sites 5 and 6(+1.42 NTU), followed closely by sites 6 and 8

(+1.28 NTU). See Table 20.

Suspended Solids

The lowest average value of suspended solids within the basin was at site

9 (0.6 mg/I), the highest was site 13a (6.3 mg/I). The lowest average value

within Baker Creek occured at site 2 (1.53 mg/I), and the highest value was at

site 18 (5.47 mg/I), followed closely by sites 17 and 8. See Table 20.
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Table 20. Turbidity and suspended solids.

Date:
Site

5/22/91
Turbidity Sus. Sol.

(NTU) (ppm)

6/18/91
Turbidity Sus. Sol.

(NTU) (ppm)

7/03/91
Turbidity Sus. Sol.

(NTU) (ppm)

1 2.50 8.2 1.00 0.4 1.10 1.2

2 2.60 3.4 3.00 1.2 2.60 1.2

4 3.40 3.2 3.50 1.2 3.20 2.0

5 3.50 0.6 3.20 3.6

6 5.50 8.2 4.80 0.6 4.00 2.8

8 6.40 4.6 6.50 5.0 5.25 3.8

9 0.50 1.0 0.60 0.0 0.60 0.8

10 5.50 2.0 5.40 4.2

11 6.00 3.8 5.60 0.6 4.60 2.6

12 6.25 3.8 5.25 0.4 5.00 3.0

14 6.40 2.6 5.40 1.4 4.75 2.6

15 6.60 3.4 4.80 2.8

17 7.90 6.4 6.60 4.0 6.50 5.2

18 8.50 7.4 8.00 4.0 6.25 5.0

Chloride

The average values for chloride were very consistent, and steadily

increased with movement down through the watershed. The lowest average

value was at site 1 (2.53 ppm) and the highest was at site 18 (5.27 ppm),

followed closely by sites 15 and 17. See Table 21.
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Nitrogen

On eleven of the low flow dates, the samples were also analysed for nitrate

and ammonium N for additional insights into the chemistry of the subsurface

flow entering Baker Creek. Ammonium nitrogen was absent from the stream

and the nitrate values behaved in a very similar manner as the P values. There

was a steady increase in nitrate values as one moved down the watershed until

site 11. After site 11 there was a sharp decrease in average values through

site 18. All average values are relatively low (< 0.8 ppm), with the lowest

occuring at site 1 (0.101 ppm), followed closely by site 18 (0.109 ppm). The

highest average value occured at site 9 (0.762 ppm). The highest average

value within Baker Creek occured at site 11 (0.201 ppm). See Table 21.



Table 21. Nitrate and chloride values.

[NO3] and [CI] in ppm

Date
Site

5/22
NO3 or

6/14
NO3 CI-

6/28
or

7/03
NO3

7/17
NO3

7/31
NO3

8/14
NO3

8/28
NO3

9/11
NO3

9/27
NO3

10/11
NO3

10/23
NO3

1 0.10 2.6 0.09 2.4 2.4 0.02 0.05 0.09 0.10 0.10 0.08 0.07 0.15

2 0.06 2.5 0.07 2.6 2.8 0.09 0.04 0.03 0.56 0.07 0.07 0.08 0.06 0.07

4 0.05 2.7 0.04 2.8 2.9 0.02 0.03 0.04 0.02 0.04 0.03 0.04 0.03 0.05

5 -- 0.04 2.8 2.9 0.02 0.03 0.03 0.03 0.03 0.04 0.03 0.01

6 0.07 2.8 2.9 3.1 0.08 0.06 0.17 0.14 0.08 0.10 0.25 0.23 0.30

8 0.07 3.1 0.06 3.1 3.3 0.07 0.05 0.15 0.09 0.04 0.05 0.19 0.19 0.19

9 0.81 3.8 0.80 3.8 3.7 0.81 0.58 0.79 0.78 0.85 0.85 0.83 0.86

10 -- 0.03 3.2 3.5 0.09 0.05 0.13 0.08 0.05 0.08 0.25 0.21 0.22

11 0.08 3.2 0.03 3.2 3.5 0.11 0.07 0.10 0.43 0.20 0.17 0.41 0.28 0.32

12 0.06 3.2 0.03 3.4 3.7 0.10 0.08 0.17 0.14 0.18 0.26 0.18 0.19

14 0.06 3.7 0.03 4.0 4.3 0.10 0.06 0.19 0.25 0.14 0.17 0.20 0.11 0.15

15 0.07 4.8 5.4 0.05 0.07 0.14 0.19 0.09 0.10 0.14 0.08 0.11

17 0.20 4.5 0.17 4.9 5.5 0.16 0.09 0.17 0.15 0.09 0.09 0.30 0.06 0.12

18 0.28 4.7 0.10 5.2 5.9 0.20 0.10 -- 0.10 0.09 0.10 0.08 0.04 0.02
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DISCUSSION

Water quality was consistently excellent at the undisturbed source of Baker

Creek during all sampling periods and steadily decreased in the downstream

direction. Rainbow Lake was a negative influence on the water quality within

Baker Creek as there was a distinct difference in visual quality between the in-

flow and out-flows of the lake. Dillon and Kirchner (1974) and Vollenweider

(1968) discuss the importance of lakes, within a watershed, as nutrient traps.

These systems may eventually become saturated and begin to behave as

nutrient sources. Except for a few areas and instances of minor recovery, the

visual quality remained quite poor through out the remainder of the watershed.

The poorest water quality (by observation) within the basin was the small first

order stream (site 13a) draining the Hidden Hills subdivision. The poorest

visual quality within Baker Creek occurred at sites 10 through 18. Visual quality

was also very poor at site 5 which is influenced by a small amount of

development and pasture. This site was frequently the first substantial impact

on water quality as the stream was barely shaded and the gradient decreased

to a point that allowed the water to move extremely slow, which contributed to

warmer in-stream temperatures. This site is above a small dam which is

responsible for the diminished gradient and flow. The slowest moving water

within Baker Creek occurs at sites 5 and 18.

The concentrations of SP, TP and NO3-N steadily increased as water
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quality decreased. Referencing to the analytical method of year 2, algal blooms

were observed in various locations throughout the watershed at concentrations

as low as 24 ug/L SP and 24-40 ug/L TP and 0.1 ppm NO3-N. The highest

average values of SP, TP and NO3 were found within the lower spring source

and site 11 within the foothill region. This pattern remained consistent during

the period of high flow even though there were only four observations as

opposed to 23 during the low flow period.

The total loading of SP and TP steadily increased in the downstream

direction except during periods of irrigation withdrawal. Although flow and

concentrations of SP and TP both increase in the downstream direction, loading

on a per area basis was highest at the headwaters of two first order streams

(site 1 and 13a). There was a steady and significant decrease in load per area

until the medial portion of the watershed after which there was a significant

increase before a continued decrease. The highest loading per area is found at

sites 1 and 13a, which drain the smallest areas above any sampling point. This

is reasonable and expected with respect to the literature that suggests, that the

greatest input of nutrients to a stream occurs within the areas of greatest

drainage density. In these areas the amount of soil and vegetation among or

between any sources and the stream is consequently less and any input

reaches the stream more readily due to less potential for sorption by soil or

uptake by biota (Kirchner, 1975).

The medial, or foothill, segment of the watershed (sites 8-11) and site 11 in
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particular, had the highest average values for SP, TP and NO3 as well as a

large increase in the values for load per area. This portion of the watershed

appears to be a problem area in relation to nutrient input. There is a slight

change in geology and an appreciable change in soil texture and landuse within

this segment. There is still several hundred feet of relief at this point. Although

any one of these changes could be responsible for increased input of nutrients

to the stream, it seems likely that soil types and landuse could play a major

role. Within this area of the watershed there is a nearly equal mixture of

igneous and sedimentary geology and parent material. With respect to the

literature, the ranges of concentrations of P, within these rock types, overlap

and may be quite similar (Brink, 1978). Dillon and Kirchner (1975) found that

the export of TP was two fold greater from watersheds with sedimentary

geology than that from watersheds with igneous geology. Fredriksen (1975)

however, found that annual loads of TP and ortho-P were greatest from

watersheds with a mixture of volcanic tuff and basalt and Canfield et al. (1989),

state that the highest levels of P are found within igneous rocks, but these are

resistant to weathering with respect to sedimentary material. Topology and

relief can play a major role in the transport and loading of nutrients to a stream

or lake and may be a factor in the slight decrease of SP and TP concentrations

and loading within the lower (low relief) portion of the basin. Nutrient inputs to

lakes and surface waters will be greater in watersheds with steeper slopes as

opposed to very slight relief (PLUARG, 1978). The relief, however, is less
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within the medial portion of the basin than within the upper segments and yet

there is a significant change (increase) in nutrient concentrations and load

within the stream. If we assume that the geology is similar, it appears the

greatest changes within this area of the basin are soil types (texture and age

specifically) and landuse. Many of the soils within this part of the basin are

older (an increase in area for Ultisols), finer (with an increase in kaolinitic clays)

and contain higher amounts of Fe and Al oxides, all of which can influence

nutrient sorption and dynamics (Stuanes, 1982; Sample et al., 1980; Tisdale,

1985; Berkheiser et al., 1980). With respect to the literature, the change in

texture (increased fineness and surface area) can play an important role due to

greater sorption of P to the finer fractions (Froelich, 1988; Holtan et al., 1988;

Meyer, 1979). Ryden and Pratt (1980) found that crystalline Fe and Al oxides

can sorb five to ten times as much P as the crystalline aluminosilicates. Ballard

and Fiskell (1974) found that P retention was correlated to soil properties such

as the percentage of clays and silts as well as pH. The correlation with pH was

indirect with respect to extractable Al. They also found that exchangeable Fe

and Al sorbed greater amounts of P than either the crystalline or amorphous

forms of Fe and Al. The movement or erosion of these soil types into the

stream could play a critical role in the EPC within the stream. Schimel et al.

(1985) found increased amounts of P in downslope positions and Smeck (1973)

looked at the distribution of P on hillslopes for an indication of movement.

Dong et al. (1983) also found that processes of erosion could lead to an
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accumulation of P downslope. Eighty-eight percent of the clay loarns lie

upstream and upslope to this segment of the watershed (site 11) and any

erosional processes could lead to input into the stream with the possibility of

higher P retention and resultant EPC values. During the summer low flow

periods erosion was, essentially, nonexistent and the higher SP and TP stream

concentrations reflect the subsurface input from these soil types and parent

material. Cooper and Gilliam (1987) and Omernik (1981) found that amounts of

P were greater in the sediments in the riparian areas than in the fields from

where they originated, suggesting an enrichment of P in the downslope areas.

Landuse was the second, noticeable difference within the medial segment

of the basin. Eighty-eight percent of the land developed for pasture is upstream

and upslope from site 11 and may, also, play a significant role in the input of P

to the soil/sediment/stream environment. A number of studies have

documented increased amounts of SP and acid extractable P accumulating in

soils utilized for the application and/or disposal of beef, swine, poultry and/or

dairy wastes (Reddy et al., 1980; Vitosh et al., 1973; Olsen et al., 1970; Collins

et al., 1978). Soil EPC values and P desorption values have also been shown

to increase (Reddy et al., 1980). With the decomposition of these wastes there

are increases in organic acids which can form complexes with Fe and Al and

block the sites responsible for P retention (Nagarajah et al., 1970; Fox et al.,

1990; Reddy et al. 1980). The implications are that various forms of P can

move within the profile and some studies have found "significant amounts" of
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movement within soils (Bielby et al., 1973). With respect to animal waste,

Reddy et al. (1980) caution that " the effects of the decrease in P sorption

capacity may result in more soluble P moving into deeper soil layers along with

percolating waters, and being transported in subsurface runoff or downward

movement, leading to potential groundwater pollution. Upon using the land for

application of animal wastes, serious consideration should be given to the P

assimilatory capacity of the soil system, such that risks involved in increasing P

concentrations of surface waters may be decreased".

There was another change in nutrient concentrations and loads upon

leaving the foothill region of the basin and dropping down onto the high valley

terrace. Although true loading was masked by irrigation withdrawal,

concentrations were also down. Within this portion of the basin, there is a

substantial increase in sedimentary geology and parent material and a marked

decrease in relief, as the valley is quite flat. Although the input of sediment and

nutrients would be much less due to the topology and hydrologic condition,

there was substantially more sediments in the stream within this segment of the

basin. Within the upper portions of the watershed, the stream was frequently

cut to bedrock and/or the sediments were quite coarse. There was one

sediment trap, behind an ancient cedar that had fallen across the stream,

between sites 1 and 2 and another above the small dam below site 5. The

diversity of land use is greatest within this segment of the basin and forest and

woodlands are at a minimum.
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While concentrations and loading increases within the medial portion there

is a slight decrease after site 11, before concentrations and loads begin to

increase again at sites 17 and/or 18. During years 1 and 2 site 18 had the

highest SP and TP concentrations found below site 11 and the highest values

for turbidity, suspended solids and chloride within Baker Creek. While sites 6

through 11 appear to be nutrient sources, sites 12 through 16 and/or 17 appear

to be sinks for SP and TP.

The lower sites (17 and 18) never had the greatest loads on a per area

basis, even during high flow periods when the greatest discharge was at these

particular sites. The greatest values for load per area occurred at the two sites

(1 and 13a) draining the smallest area (or the sites of the greatest drainage

density).

Looking outside the stream environment, the greatest concentrations of SP,

TP and NO3 were consistently the spring source(s). It would be of great

interest to determine to what extent these sources of "groundwater" can enrich

the stream and/or soil environments.

During both years of this study there was a "flush" (increase in stream

concentration) of SP with the first rain events of the fall. Concentrations of SP

were greatest in the mid-summer during both years of the study. After this

period there was a slight decrease in SP concentrations until the first rain

events of the season which occurred in August, September and October in the

first year and September and October during the second year. Discharge and
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load increased during the first rain events, but, SP concentrations did not

decrease or remain unaffected as was observed in Utah by Bond (1979) and in

New Hampshire by Meyer and Likens (1979). Over most locations there was

an increase in SP concentrations with the initial rainfall events as was

observed; in New York by Johnson et al., (1976) and Klotz (1991), in

Tennessee by Mulholland et al. (1990) and in Pennsylvania by McDiffett et al.,

(1989).

The response of TP to the initial rain events was mixed and less

responsive overall.

This discussion would be incomplete without a reference to the analytical

method. The numbers obtained by the Central Analytical Lab were consistent

and reproducible. There could be many comparisons of concentrations, load

and load per area values between this study and a multitude of others. It would

be unreasonable, however, to make these comparisons as the values obtained

from different labs and different methods can vary by as much as an order of

magnitude or more.
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SUMMARY AND CONCLUSIONS

In summary, the concentrations of SP and TP change through different

segments of the watershed. Concentrations within the upper or forested part of

the basin are low with respect to the remainder of the watershed and the water

quality is good. Within the medial or foothill portion of the watershed there is a

noticeable change in SP and TP concentrations, landuse, soil types and

diversity and visual water quality, as well as minor changes in relief and

geology. This portion of the basin is influenced predominantly by pasture land

and appears to be a contributor of SP, TP and NO3. There is also a high P and

Si spring source within this segment. Within the lower part of the watershed

there is additional change in SP, TP, relief, landuse, soils, geomorphology and

geology. This portion of the basin appears to be a "sink" for SP and TP as

concentrations decrease until the terminal sampling point(s) at, or near, the

northwestern edge of the City of McMinnville (sites 17 and/or 18).

The spring source within the drainage yielded water that was significantly

higher in concentrations of SP, TP and NO3. The lower spring source had the

highest concentrations of SP, TP, NO3-N, and Si while having the lowest

concentrations of suspended solids and the lowest turbidity.

Average P loads within the watershed were lowest in the upper segment of

the basin and highest within the medial portion before declining until the
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terminal sampling points near McMinnville. In the summer low-flow periods the

change in loading was strongly influenced by concentration as well as

discharge. Within the winter high-flow period concentrations became

homogeneous and loads steadily increased from the upper to the terminal sites.

Within this time frame loads were strongly influenced by discharge only.

On the basis of P load per land area drained (kgP/km2) however, this trend

was reversed. The highest average P load per land area occurred at the two

sampling points draining the smallest areas (sites 1 and 13a). Within Baker

Creek the highest load per area occurred at the headwaters and decreased

until parts of the medial watershed. Within the medial segment there was an

increase in load per area and a subsequent decrease within the lower segment.

The medial segment of the watershed also had the greatest distribution of

the finest soils within the basin. Eighty-eight percent of the clay loams were

found within this region and overlap the predominant landuse (pasture). This

could have important implications in the soil and soil-water P dynamics.

The initial seasonal rain events produced "flushes" of SP and TP.

Concentrations increased with the initial increase in discharge although the

response of SP was more consistent and dramatic than the TP responses.

Algal blooms and/or poor water quality were observed within the Baker

Creek basin at 20 ug/L SP and TP concentrations and NO3-N concentrations as

low as 100 ug/L indicating that a focus on the dynamics of a single nutrient may

be too narrow and restrictive. Significant differences in water quality were
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observed within different parts of the basin having the same, or very similar,

concentrations of SP, TP and NO3-N. There were, however, noticeable

differences in light, temperature and sometimes, stream gradient, leading me to

conclude that these "additional" parameters may be equally important.

With respect to our objectives, we were able to obtain an idea of

background concentrations of SP and TP within this basin by sampling the head

of Baker Creek, where it flows from relatively undisturbed forest land. Sampling

the two spring sources gave us an indication of the chemical nature of the

deeper ground water and another aspect of the "background" levels of

soil/ground water within this section of the Coast Range.

The use of the Geographical Information Systems enabled us to

successfully determine which stream segments were directly influenced by any

particular landuse, soil types and spring sources. This information enabled us

to identify the medial watershed and the urban influence of McMinnville as

problem or source areas. We were unable, however, to separate specific

amounts and contributions from any of these three components or to identify

any one component as a primary contributor.

In determining the relative amounts and forms of P within the stream and

spring sources, we found that within the surface waters, the SP fraction

averaged 50 percent of the TP fraction and within the lower spring source the

SP averaged 62 percent of TP fraction.



165

LITERATURE CITED

Ahl, T. 1979. Natural and human effects on trophic evolution. Arch. Hydrobiol.
Veih. Ergebn. Limnol. 13:269-277.

Ahl, T., and S. Ogden. 1975. Narsaltkallor en oversikt. Nordforsk 1975(1):99-
133.

Altschuler, Z.S. 1973. The weathering of phosphate deposits - Geochemical
and environmental aspects. In: E.J. Griffith, A. Beeton, J.M.
Spencer and D.T. Mitchell (eds.), Environmental Phosphorus
Handbook. J. Wiley and Sons, NY: 33-96

Andersen, J.M. 1982. Effects of nitrate concentration in lake water on
phosphate release from the sediment. Wat. Res. 16:1119-1126.

Andrus, C. 1991. Water quality in state Scenic Waterways of the Deschutes
and Metolius Rivers. Unpublished report, Oregon Water
Resources Department, Salem, OR. pp. 4.

Atlas, R.M. and R. Bartha. 1987. Microbial Ecology Fundamentals and
Applications. Benjamin/Cummings Publishing. Menlo Park, CA.
pp. 533.

Aumen, N.G. 1987. Longitudinal survey of stream nutrients in the Bull Run
Watershed (August 1987). Unpublished report, USDA Forest
Service, Mount Hood National Forest, Portland, OR. pp. 10.

Baccini, P. 1985. Phosphate interactions at the sediment-water interface.
In:(ed. W. Stumm), Chemical Processes in Lakes. Wiley-
Interscience, New York, pp.189-205.

Ballard, R. and J.G.A. Fiskell. 1973. Phosphorus retention in coastal plain
forest soils: I. Relationship to soil properties. Soil Sci. Soc. Amer.
Proc., 38:250-55

Balster, C.A., and R.B. Parsons. 1968. Geomorphology and Soils, Willamette
Valley, Oregon. Ore. Agr. Exp. Sta. Special Report.

Barrow, N.J. 1979. The description of desorption of phosphate from soil. Jour.
Soil Sci. 30:259-270.



166

Barrow, N.J., and C.T. Shaw. 1975. The slow reactions between soil and
anions: 2. Effect of time and temperature on the decrease in
phosphate concentration in the soil solution. Soil Science 119:167-
177.

Barsdate, R.J., T. Fenchel, and R.T. Prentki. 1974. Phosphorus cycle of model
ecosystems:significance for decomposer food chains and effect of
bacterial grazers. Oikos 25:239-251.

Beaton, J.D., and D.W.L. Read. 1963. Effect of temperature and moisture on
phosphate uptake from a calcareous Saskatchewan soil treated
with several pelleted sources of phosphorus. Soil Sci. Soc. Amer.
Proc., 27:61.

Berge, D., S. Rognerud, and M. Johannessen. 1979. Viderutvikling av
fosforbelastningsmodellen for store sjiktede innsjoer. NIVA-arbok
1979, Oslo, Norway.

Berkheiser, V.E., J.J. Street, P.S.C. Rao, and T.L. Yuan. 1980. Partitioning of
inorganic orthophosphate in soil water systems. CRC Crit. Rev.
Envir. Control. 10:179-224.

Bertramson, B.R. and R.E. Stephenson. 1941. Comparative efficiency of
organic phosphorus and of superphosphate in the nutrition of
plants. Oregon Agricultural Experiment Station, Technical Paper
no.391. Corvallis, Oregon.

Bielby, D.G., D.A. Tel, and L.R. Webber. 1973. Phophorus in percolater from
manured lysimeters. Can. J. Soil Sci. 53:343-346.

Bilby, R.E., and G.E. Likens. 1979. Effect of hydrologic fluctuations on the
transport of fine particulate organic carbon in a small stream.
Limnology and Oceanography 24:69-75.

Bold, H.C., and M.J. Wynne. 1979. Introduction to the Algae. Prentice-Hall,
Englewood Cliffs, New Jersey.

Bolin, B., Roswell, T., Freney, J.R., lvanov, M.V. and J.E. Richey. 1983. C, N,
P and S cycles, major reservoirs and fluxes. In: The Major
Biogeochemical Cycles and Their Interactions. (eds. B. Bolin and
R.B. Cook). Wiley and Sons, New York.

Bond, H.W. 1979. Nutrient concentration patterns in a stream draining a
montane ecosystem in Utah. Ecology 60:1184-1196.



167

Bothwell, M.L. 1985. Phosphorus limitation of lotic periphyton growth rates: An

intersite comparison using continuous-flow troughs (Thompson

River system, British Columbia. Limnol. Oceanogr. 30(3) 527-542

(1985).

Borggaard, O.K. 1983. The influence of iron oxides on phosphate adsorption

by soil. J. Soil Sci. 34:333-341.

Bostrom, B., Andersen, J.M., Fleischer, S. and M. Jansonn. 1988. Exchange

of phosphorus across the sediment-water interface. Hydrobiologia

170:229-244.

Boyd, C.E. and J.M. Lawrence. 1967. The mineral composition of several

freshwater algae. Proc. 20th Ann. Conf. SE Assoc. Game and

Fish Commissioners.

Brink, J.W. 1978. World resources of phosphorus. In: Phosphorus in the

environment: its chemistry and biochemistry. A Ciba Foundation

Symposium. Elsevier, Amsterdam. pp.23-48.

Brown, T.L. and H.E. Lemay. 1977. Chemistry: the central science. Prentice-

Hall, Inc., Englewood Cliffs, N.J.

Buol, S.W., F.D. Hole, and R.J. McCracken. 1989. Soil Genesis and
Classification. Iowa State University Press. Ames, Iowa. pp. 446.

Cahill, T.H., Imperato, P., Nebel, P.K. and F.H. Verhoff. 1975. Phosphorus

Dynamics In a Natural River System; pp. 44-56 in Water-1974.

American Institute for Chemical Engineering, Symposium Series

145.

Canfield, D.E., J.R. Jones, S.O. Ryding, and D. Uhlmann. 1989. Chapter 5:

Factors and processes affecting the degree of eutrophication. Pp.

65-84. In: Ryding, S. 0., and W. Rast (eds.). The control of
eutrophication of lakes and reservoirs, Volume 1. UNESCO and

the Parthenon Publishing Group, Paris. 314 pp.

Christensen, Stan. 1991. Chairman of the Yamhill Soil Water Conservation

District. Personal communication.

Collins, Jr., ER., E.T. Konegay, and D.C. Marterns. 1978. Swine lagoon effluent

on a soil-plant environment: An impact assessment. Bull. 110.

Virginia Water Resour. Res. Center, Virginia Polytech. Inst. and
State Univ., Blackburg, Va. p. 38.



168

Cooper, J.R. and J.W. Gilliam. 1986. Phosphorus redistribution from cultivated

fields into riparian areas. Soil Sci. Soc. Am. J. 51:1600-1604.

Davis, J.S. and H.M. Keller. 1983. Dissolved loads in streams and rivers

discharge and seasonally related variations. Proc. of the Hamburg

Symposium, August, 1983. IAHS publ. no. 141.

Davison, W. 1982. Transport of iron and manganese in relation to the shapes

of their concentration-depth profiles. Hydrobiologia 92:463-481.

Dillon, P.J. and W.B. Kirchner. 1975. The Effects Of Geology And Land Use

On The Export Of Phosphorus From Watersheds. Water Research

vol.9, 135-148.

Dong, A., Simsiman, G.V., G. Chesters. 1983. Particle size distribution and

phophorus levels in soil, sediment and urban dust and dirt

samples from the Menomonee River watershed, Wisconsin, U.S.A.

Water Research 17(5) 569-577.

Dorich, R.A., Nelson, D.W. and L.E. Sommers. 1984. Algal availability of

phosphorus in suspended stream sediments of varying particle

size. J. Environ. Qual., 13(1) 82-86.

Edmondson, W.T. 1985. Recovery of Lake Washington from eutrophication. In:

Proceedings, International Congress on Lakes Pollution and

Recovery, European Water Pollution Control Association, Rome,

Italy, April 15-18, 1985. pp.228-34.

Emerson, S., and G. Widmer. 1978. Early diagenesis inanaerobic lake

sediments - II. Thermodynamic and kinetic factors controlling the

formation of iron phosphate. Geochim. Cosmochim. Acta 42:

1307-1316.

Enell, M. and S. Lofgren. 1988. Phosphorus in interstitial water: methods and

dynamics. Hydrobiologia 170:103-132.

Eppley, R.W. 1972. Temperature and Phytoplankton growth in the sea. Fishery

Bull., 70, 1063-85.

Falter, C.M., and J.C. Good. 1987. Cocolalla Lake phophorus loading and

trophic status assessment. College of Forestry, Wildlife, and

Range Sciences, University of Idaho, Moscow, ID. pp. 123.



169

Feller, M.C. and J.P. Kimmins. 1979. Chemical characteristics of small
streams near Haney in Southwestern British Columbia. Water
Resources Res. vol.15 no.2 pp. 247-258.

Feller, M.C. and J.P. Kimmins. 1984. Effects of clearcutting and slash burning
on streamwater chemistry and watershed nutrient budgets in
southwestern British Columbia. Water Resources Research
20(1):29-40.

Fleisher, S. 1985. Microbial mediation of phosphorus exchange at the
sediment-water inerface. In:(eds. M. Enell, W. Graneli and L.A.
Hanson), 13th Nordic symposium on Sediments, ISSN 0348-0798:
pp.9-16.

Fleisher, S. 1986. Aerobic uptake of Fe(III)-precipitated phosphorus by
microorganisms. Arch. Hydrobiol. 197:267-277.

Fox, T.R., Comerford, N.B. and W.W. Mc Fee. 1990. Phosphorus and
Aluminum Release from a Spodic Horizon Mediated by Organic
Acids. Soil Sci. Soc. Am. J. 54:1763-1767.

Fredriksen, R.L. 1975. Nitrogen, phosphorus and particulate matter budgets of
five coniferous forest ecosystems in the western Cascade Range,
Oregon. Unpublished Ph.D. Dissertation, Oregon State University,
Corvallis, OR. 127 pp.

Frevert, T. 1979. Phosphorus and iron concentrations in the interstitial water
and dry substances of sediments of Lake Constance (Obersee).
Arch. Hydrobiol/Suppl. 59: 319-329.

Froelich, P.N. 1988. Kinetic control of dissolved phosphate in natural rivers
and estuaries: A primer on the phosphate buffering mechanism.
Limnol. Oceanogr. 33:649-668.

Gachter, R. and A. Mares 1985. Does settling seston release soluble reactive
phophorus in the hypolimnion of lakes. Limnol. Oceanogr. 30:364-
371.

Gessel, S.P., and D.W. Cole. 1965. Influence of removal of forest cover on
movement of water and assoceated elements through soil. J. Am.
Water Works Assoc. 57:1301-1310.

Goldberg, S. and G. Sposito. 1985. On The Mechanism Of Specific Phosphate
Adsortion By Hydroxylated Mineral Surfaces: A Review. Commun.



170

In Soil Sci. Plant Anal., 16(8), 801-821.

Golterman, H.L. 1973. Natural phosphate sources in relation to phosphate
budgets: A contribution to the understanding of eutrophhication.
Water REs. 7:3-17.

Golterman, H.L. 1975. Physiological Limnology. Elsevier Sci. Publ. Co.
Amsterdam. 489 pp.

Gregory, S.V. 1978. Phosphorus dynamics on organic and inorganic
substrates in streams. Verh. Internat. Verein. Limnol. 20:1340-

1346.

Gregory, S.V., Wildman, L.R., Ashkenas, L.R. and G.A. Lamberti. 1990. The
ecology and chemistry of caldera springs of Crater Lake National
Park. pp.81-89. In: Drake, E.T., G.L. Larson, J. Dymond, and R.
Collier (eds.). Crater Lake, an Ecosystem Study, Sixty-ninth
meeting of the Pacific division / American Association for the
advancement of Science, June 18-22, 1988, Oregon State
University, Corvallis, Or. 221 pp.

Grier, C.C., and D.W. Cole. 1972. Elemental transport changes occurring
during development of a second-growth Douglas-fir ecosystem.
Pp. 103-113. In: J.F. Franklin, L.J. Dempster, and R.H. Waring
(eds.) Research on Coniferous Forest Ecosystems. USDA Forest
Service, Pacific Northwest Forest and Range Experiment Station,
Portland, OR. pp. 322.

Gunatilika, A. 1982. Phosphate adsorption kinetics of resuspended sediments
in a shallow lake, Neusiedlersee, Austris. Hydrobiologia 91:293-

298.

Hanson, D. 1991. Senior Research Assistant, Central Analytical Laboratory.
Oregon State University. Personal communication.

Harr, R.D., R.L. Fredriksen, and J. Rothacher. 1979. Changes in stream flow
following timber harvest in southwestern Oregon. USDA For. Serv.
Pac. NW Forest and Range Exp. Sta., Res. Paper PNW-249.

Harris, G.P. 1986. Phytoplankton Ecology. Chapman and Hall Publishers.

Helvey, J.D., A.R. Tiedemann, and T.D. Anderson. 1985. Plant nutrient losses
by soil erosion and mass movement after wildfire. Journal of Soil
and Water Conservation 40(1):168-173.



171

Hill, A.R. 1982. Phosphorus and major cation mass balances for two rivers
during low summer flows. Freshwater Biology 12:293-304.

Holtan, H., Kamp-Nielsen, L. and A.O. Stuanes. 1988. Phosphorus in soil,
water and sediment: an overview. Hydrobiologia 170:19-34.

Hutchinson, G.E. 1967. A Treatise on Limnology. vol.II, Wiley, New York.

Jacobsen, O.S. 1978. Sorption, adsorption and chemosorption of phophate by

Danish lake sediments. Vatten 4:230-243.

Jansson, M., 1977. Vattenbalans och kemiska budgetberakningar for stugsjoen
1971-1975. Koukkelprojektets rapport 5. Inst. of Limnology, Univ.
Uppsala: 3-46.

Jenkins, S.H. and W.H. Lockett. 1943. Loss of phosphorus during sewage
purification. Nature, 151: 306-307.

Johnson, A.H., Bouldin, D.R., Goyette, E.A. and A.M. Hedges. 1976.
Phosphorus Loss by Stream Transport from a Rural Watershed:
Quantities, Processes and Sources. J. Environ. Qual., vol. 5, no.2
148-157.

Jones, R.A., W. Rast, and G.F. Lee. 1979. Relationship between summer
mean and maximum chlorophyll a concentrations in lakes. Envir.
Sci. Tech. 13: 869-870.

Klotz, R.L. 1985. Factors controlling phosphorus limitation in stream
sediments. Limnol. Oceanogr. 30(3) 543-553.

Klotz, R.L. 1991. Temporal relation berween soluble reactive phophorus and
factors in stream water and sediments in Hoxie Gorge Creek, New
York. Can. J. Fish. Aquat. Sci., 48:84-90.

Kovar, J.L. and S.A. Barber. 1988. Phosphorus supply characteristics of 33
soils as influenced by seven rates of phosphorus addition. Soil
Sci. Soc. Am. J. 52:160-165.

Kuwabara, J.S., Davis, J.A. and C.C.Y. Chang. 1986. Algal growth response to
particle-bound orthophosphate and zinc. Limnol. Oceanogr. 31(3)
503-511 (1986).



172

Lamberti, G.A., Gregory, S.V., Ashkenas, L.R., Wildman, R.C. and A.D.
Steinman. 1988. Influence of channel geomorphology on
retention of dissolved and particulate matter in a Cascade
Mountain stream. USDA Forest Service Gen. Tech. Rep. PSW-
110. 1989.

Larson, A.G. 1979. Origin of the chemical composition of undisturbed forested
streams, western Olympic Peninsula, Washington state.
Unpublished Ph.D. dissertation, University of Washington, Seattle,
WA. pp. 216.

Lean, D.R.S. 1973. Movements of phosphorus between its biologically
important forms in lake water. J. Fish. Res. Bd. Can. 30:1525-
1536.

Lean, D.R.S. 1973. Phosphorus dynamics in lake water. Science 179:678-680.

Lee, G.F., Jones, R.A. and W. Rast. 1980. Availability of phosphorus to
phytoplankton and its implications for phophorus management
strategies. In:(eds. R.C. Loehr, C.S. Martin and W. Rast),
Phosphorus management strategies for lakes, Ann Arbor Science.,
Ann Arbor, pp.259-308.

Lijklema, L. 1980. Interaction of orthophosphate with iron(III) and aluminum
hydroxides. Environ. Sci. and Technology vol.14, no.5 537-540.

Lijklema, L., and A.H.M. Hieltjes. 1982. A dynamic phosphate budget model
for a eutrophic lake. Hydrobiologia 91/92:227-233.

Lund, J.W.G. 1974. A critique of phosphorus control. Nature(London) 249,
797.

Lyford, S.H.,

Malone, T.C.

Martin, C.W.,

and S.V. Gregory. 1975. The dynamics and structure of
periphyton communities in three Cascade Mountain streams. Verh.
Int. Ver. Limnol. 20: 1610-1616.

1980. Algal size, in: The Physiologial Ecology of Phytoplankton.
(ed. I. Morris), Blackwell, Oxford, pp. 433-463.

and R.D. Harr. 1989. Logging of mature Douglas-fir in western
Oregon has little effect on nutrient output budgets. Canadian
Journal of Forest Research 19(1):35-43.



173

McClellan, G.H. and T.P. Hignett. 1978. Some economic and technical factors

affecting the use of phosphate raw materials. In: Phosphorus in

the environment; its chemistry and biochemistry. A Ciba

Foundation Symposium. Elsevier, Amsterdam: 49-64.

McDiffet, W.F., Beidler, A.W., Dominick, T.F. and K.D. McCrea. 1989. Nutrient

concentration-stream discharge relationships during storm events

in a first-order stream. Hydrobiologia 179:97-102, 1989.

McKelvey, V.E. 1973. Abundance and Distribution of Phophorus in the

Lithosphere. In:(eds. E.J. Griffith, A. Beeton, J.M. Spencer and

D.T. Mitchell), Environmental Phosphorus Handbook. J. Wiley &

Sons, N.Y. pp.13-31.

Meyer, J.L. and G.E. Likens. 1979. Transport and transformation of
phosphorus in a forest stream ecosystem. Ecol. 60(6) 1255-1269.

Meyer, J.L. 1979. The role of sediments and bryophytes in phosphorus

dynamics in a headwater stream ecosystem. Limnol. Oceanogr.

24(2) 365-375.

Michael, D. 1991. Engineering Geologist, Oregon Department of Forestry.

Personal communication.

Mnkeni, P.N.S., and A.F. MacKenzie. 1985. Retention of ortho- and
polyphosphates in some Quebec soils as affected by added

organic residues and calcium carbonate. Can. J. Soil Sci. 65:575-

585.

Morris, I. (ed.). 1980. The Physiological Ecology of Phytoplankton. Studies in

Ecology, Vol. 7, University of California Press, Berke ly, California,

USA. pp. 625.

Mortimer, C.H. 1942. The exchange of dissolved substances between mud

and water in lakes. J. Ecol. 30:147-201.

Mullholland, P.J., Wilson, G.V. and P.M. Jardine. 1990. Hydrogeochemical
Response of a Forested Watershed to Storms: Effects of

Preferential Flow Along Shallow and Deep Pathways.

Environmental Sciences Division, Oak Ridge National Laboratory,

Oak Ridge TN. American Geophysical Union Paper

no.90WR01508.



174

Murphy, M.L., and J.D. Hall. 1981. Varied effects of clearcut logging on
predators and their habitat in small streams of the Cascade
Mountains, Oregon. Can. J. Fish. Aqut. Sci. 38:137-145.

Nagarajah, S., Posner, A.M., and F.P. Quirk. 1970. Competitive adsorption of
phosphate with polygalacturonic and other organic anions on
kaolinite and oxide surfaces. Nature 228:83-85.

Nalewajko, C. and D.R.S. Lean. 1980. Phosphorus in: The Physiological
Ecology of Phytoplankton. (ed. I. Morris), Blackwell, Oxford,
pp.235-58.

Newbold, J.D., Elwood, J.W., O'Neill, R.V. and A.L. Sheldon. 1983.
Phosphorus dynamics in a woodland stream ecosystem: A study
of nutrient spiralling. Ecol. 64(5) 1249-1265.

Norges offentlige Utredninger. 1982. Industrimineraler. NOU Oslo Norway.
1982:24, pp.134.

Norris, L.A., C.L. Hawkes, W.L. Webb, D.G. Moore, W.B. Bollen, and E.
Holcombe. 1978. A report of research in the behavior and impact
of chemical fire retardents in forest streams. Unpublished report,
WSDA Forest Service, Pacific Northwest Forest and Range
Experiment Station, Portland, OR. pp. 152.

Olsen, S.R., and S.A. Barber. 1977. Effect of waste application on soil
phosphorus and potassium. In: Soils for management of organic
wastes and waste waters. Am. Soc. Agron., Madison, Wis. p.197-
215.

Omernik, J.M. 1977. Nonpoint source-stream nutrient level relationships: A
nationwide study. EPA-600/3-77-105. Sept. 1977. p. 151.

Omernik, J.M., A.R. Abernathy, and L.M. Male. 1981. Stream nutrient levels
and proximity of agricultural and forest land to streams: Some
relationships. Journal of Soil and Water Conservation 36(4):227-
231.

Oregon Department of Environmental Quality. 1988. 1988 Statewide
Assessment of Nonpoint Sources of Water Pollution.

Paul, E.A., and F.E. Clark. 1989. Soil Microbiology and Biochemistry.
Academic Press. 273 pp.



175

Pisano, M. 1976. Nonpoint Pollution: An EPA View of Areawide Water Quality
Management. Journal of Soil and Water Conservation 31(3):94-
100.

Powers, C.F., Schults, D.W., Malueg, K.W., Brice, R.M. and M.D. Schuldt.
1970. Algal Responses To Nutrient Additions In Natural Waters.
II. Field Experiments. USEPA, Pacific Northwest Water
Laboratory, Corvallis, OR. 97330 and Shagawa Lake
Eutrophication Control project, Ely, MN. 55731.

Prarie, Y.T. and J.Kalff. 1988. Dissolved phosphorus dynamics in headwater
streams. Canadian Journal of Fisheries and Aquatic Sciences.
45:210-215.

Pringle, C.M., Triska, F.J. and G. Browder. 1990. Spatial variation in basic
chemistry of streams draining a volcanic landscape on Costa
Rica's Caribbean slope. Hydrobiologia 206:73- 85.

Raven, P.H., Evert, R.F., and H.Curtis 1976. Biology Of Plants. Worth
Publishers.

Reddy, K.R., Overcash, M.R., Khaleel, R. and P.W. Westerman. 1980.
Phosphorus adsorption-desorption characteristics of two soils
utilized for disposal of animal wastes. J. Environ. Qual., vol. 9,
no.1.

Rig ler, F.H. 1973. A dynamic view of the phosphorus cycle in lakes. In: (eds.
E.J. Griffith, A. Beaton, J.M. Spencer and L.T. Mitchell),
Environmental Phosphorus Handbook. John Wiley, New York,
N.Y. pp.539-572.

Ryden, J.C., and P.F. Pratt. 1980. Phosphorus removal from waste water
applied to land. Higardia 48:1-36.

Ryding, S.O. and W. Rast 1989. The Control Of Eutrophication Of Lakes And
Reservoirs. Parthenon Publishing. 314 pp.

Sah, R.N. and D.S. Mikkelsen. 1985. Effects of temperature and prior flooding
on intensity and sorption of phosphorus in soil. Plant and Soil
95:163-171.



176

Salminen, E.M., and R.L. Beschta. 1991. Phosphorus and Forest Streams:
The Effects of Environmental Conditions and Management
Activities. Department of Forest Engineering. Oregon State
University. Corvallis, OR.

Sample, E.C., R.J. Soper, and G.J. Racz. 1980. Reactions of phosphate
fertilizers in soils. In: (eds. F.E. Khasawneh, E.C. Sample, and
E.J. Kamprath), The role of phosphorus in agriculture. Am. Soc.
Agronomy, Crop Sci. Soc. Am., Soil Sci. Soc. Am., Madison,
Wisconsin:263-310.

Sartor, J.D., Boyd, G.B. and F.J. Agardy. 1974. Water pollution aspects of
street surface contaminants. Jour. Water Pollut. Cont. Fed.
46:456-67.

Schaffner, W.R., and R.T. Oglesby. 1978. Phophorus loadings to lakes and
some of their responses. Part 1. Limnol. Oceanogr. 23: 120-134.

Schimel, D., Stillwell, M.A., and R.G. Woodmansee. 1985. Biogeochemistry of
C, N, and P in a soil catena of the shortgrass steppe. Ecology.
66:1. pp.276-282.

Schindler, D.W. 1974. Science. 184:897.

Schindler, D.W. 1977. Evolution of phosphorus limitation in lakes. Science
195, 260-262 (1977).

Schindler, D.W., and J.E. Nighswander. 1970. Nutrient supply and primary
production in Clear Lake, eastern Ontario. Journal of the Fisheries
Research Board of Canada 27:2009-2036.

Sharp ley, A.N. 1980. The enrichment of soil phosphorus in runoff sediments.
Journal of Environmental Quality 9(3):521-526.

Sharp ley, A.N., Ahuja, L.R., Yamamoto, M. and R.G. Menzel. 1981. The
kinetics of phosphorus desorption from soil. Soil Sci. Soc. Am. J.
45:493-496.

Sharp ley, A.N., Troeger, W.W. and S.J. Smith. 1991. Water Quality: The
measurement of bioavailable phophorus in agricultural runoff. J.
Environ. Qual. 20:235-238 (1991).



177

Shortreed, K.S. 1983. Periphyton biomass and species composition in a
coastal rainforest stream in British Columbia: Effects of
environmental changes caused by logging. Can. J. Fish. Aquat.
Sci., 40, 1887-1895 (1983).

Smart, M.M., Jones, J.R. and J.L. Sebaugh. 1985. Stream-watershed relations
in the Missouri Ozark Plateau Province. Jour. Environ. Qual.
14:77-82.

Smeck, N.E. 1973. Phosphorus:An indicator of pedogenic weathering
processes. Soil Science 115:199-206.

Smith, E.A., Mayfield, C.I. and P.T.S. Wong. 1978. Naturally occurring apatite
as a source of orthophophate for growth of bacteria and algae.
Microb. Ecol. 4:105-117.

Smith, R.A., R.B. Alexander and M.G. Wolman. 1987. Water quality trends in
the nation's rivers. Science 235:1607-1615.

Sposito, G. 1989. The Chemmistry of Soils. Oxford University Press. New
York, N.Y. pp. 277.

Stuanes, A.O. 1982. Phosphorus sorption by soil. A review. In: (eds. A.S.
Eikum and R.W. Seabloom), Alternate wastewater; Low cost small
systems, research and development. D. Reidel Publishing
Company, Dordrecht:145-152.

Stumm, W. and J.O. Leckie. 1971. Phosphate exchange with sediments; its
role in the productivety of surface waters. Proc. 5th Int. Water
Poll. Tes. Conf., Pergamon Press. Dubendorf-Zurich, Seperatum
406:1-26.

Stumm, W. and J.J. Morgan. 1970. Aquatic chemistry. Wiley-lnterscience, New
York. 583 pp.

Sussman, W. 1983. Comparison of water quality in drainage basins under
agricultural and forest land use. Dissolved loads of rivers and
surface water quantity/quality relationships (proceedings of the
Hamburg Symposium, August 1983). IAHS publ. no.141.

Syers, J.K., R.F. Harris and D.E. Armstrong. 1973. Phosphate chemistry in
lake sediments. J. Envir. Qual. 2: 1-14.



178

Taylor, A.W. and H.M. Kunushi 1971. Phosphate equilibria on stream

sediments and soil in a watershed draining an agricultural region.

J. Agr. Food Chem. 19(5) 827-831.

Thomas, G.W., K.L. Wells, and G.R. Haszler. 1991. Changes in nutrient

content of Kentucky streams. Better Crops. Spring 1991.

Tiedemann, A.R., T.M. Quigley, and T.D. Anderson. 1988. Effects of timber

harvest on stream chemistry and dissolved nutrient losses in

northeast Oregon. Forest Science 34(2):344-358.

United States Environmental Protection Agency. 1988. Effectiveness of

Agricultural and Silvicultural Nonpoint Source Controls: Final

Report.

United States Department Of Agriculture. Soil Survey of Yamhill Area, Oregon.

1976.

Vitosh, M.L., Davis, J.F., and B.D. Knezek. 1973. Long-term effects of manure,

fertilizer, and plow depth on chemical properties of soils and

nutrient movement in a monoculture corn system. J. Environ.

Qual. 2:296-299.

Vollenweider, R.A. 1968. Scientific fundamentals of the eutrophication of lakes

and flowing waters, with particular reference to nitrogen and

phosphorus as factors in eutrophication. Technical Report

DAS/CSI/68.27, Environmental Directorate, Organization for

Economic Cooperation and Development (OECD), Paris. 154 p.

Vollenweider, R.A., Rast, W. and J.Kerekes. 1980. The phosphorus loading

concept and Great Lakes eutrophication, in: Proc. 11th Conf.

Cornell University, Phosphorus management strategies for the

Great Lakes, (eds. R.C.Locke, C.S. Martin and W. Rast) Ann

Arbor Science, Rochester N.Y., pp.207-34.

Whelan, B.R. 1986. Mineral phosphate precipitates from septic-tank effluent,

Perth (Australia). Geoderma, 39:125-139.

Whittaker, R.H. 1969. New concepts in kingdoms of organisms. Science 163:

150-160.



179

Whither, T.R., R.M. Hughes, and D.P. Larsen. 1988. Correspondence between

ecoregions and spatial patterns in stream ecosystems in Oregon.

Canadian Journal of Fisheries and Aquatic Sciences 45:1264-

1278.

Whittig, C.D., J.J. Kilmer, R.C. Roberts, and J.G. Cady. 1957. Characteristics

and genesis of Cascade and Powell soils of northwestern Oregon.

Proceedings of Soil Science Society of America 21:226-232.

Wooldridge, D.D. 1982. Effects of forest harvest on sediment and water quality,

western Olympics, water year 1980-81. Unpublished report,

University of Washington, College of Forest Resources, Seattle,

Wa. pp. 51.



APPENDICES



180

APPENDIX A.

Soluble Phosphorus Concentrations for all In-stream and Spring-source

Locations Throughout all Sampling Periods.
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concentration (ug/L)

Site Date:5/23/90 5/30/90 6/06/90 6/13/90 6/20/90 6/27/90

1 60 66 57 52 66 65

2 67 90 57 59 74 74

3 86 91 82 84 103 95

4 86 74 60 64 80 77

5 67 75 71 67 83 80

6 73 82 72 67 87 78

7 81 87 72 69 92 86

8 78 88 73 78 90 87

9 82 138 132 126 144 146

10 101 77 64 70 92 86

11 65 81 64 67 89 86

12 76 90 73 72 94 89

13 80 85 68 72 87 91

14 75 93 69 71 85 93

15 74 86 74 74 92 85

16 122 80 74 73 92 95

17 74 88 72 82 93 98

18 87 88 71 68 96 93
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Concentration (ug /L)

Site Date:7/11/90 7/18/90 7/25/90 8/08/90 8/16/90 8/22/90

1 69 76 69 66 67 65

2 74 73 97 69 83 70

3 99 90 98 85 81 95

4 78 80 82 79 72 78

5 84 79 78 75 70 76

6 83 83 81 84 78 83

7 85 74 95 85 81 85

8 94 89 93 87 83 96

9 138 129 134 134 126 129

10 87 95 103 98 83 111

11 85 93 99 87 83 109

12 85 89 89 88 83 110

13 87 88 119 89 80 93

14 90 90 99 87 81 93

15 84 91 90 82 81 90

16 97 91 85 69 54 110

17 90 87 87 83 78 96

18 91 90 90 82 89 100
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Concentration (ug /L)

Site Date:8/29/90 9/05/90 9/12/90 9/19/90 9/25/90 10/03/90

1 64 61 56 57 59 51

2 70 68 63 60 66 57

3 85 116 76 79 71 59

4 74 78 65 67 69 59

5 73 73 64 69 70 62

6 78 77 69 74 73 70

7 90 83 74 78 79 71

8 85 83 76 79 79 73

9 127 126 115 118 137 106

10 89 90 79 82 81 74

11 84 87 80 77 79 68

12 84 84 74 77 75 72

13 83 83 77 79 76 66

14 81 80 81 74 75 69

15 80 84 74 70 75 65

16 85 88 81 84 83 73

17 76 85 76 76 78 69

18 86 83 80 74 83 70
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Concentration (ug/L)

Site Date:10/10/90 10/17/90 10/24/90 11/7/90 11/28/90 1/02/91

1 45 55 48 45 42 36

2 50 57 48 45 44 34

3 50 61 49 47 70

4 55 64 49 46 45 35

5 54 67 50 49 43

6 58 69 54 54 45 39

7 61 65 54 54 47 --

8 65 73 56 55 47 43

9 106 112 108 89 112 83

10 65 77 59 57 51

11 62 768 56 56 48 41

12 59 76 55 57 49 37

13 62 68 56 59 47 --

14 62 69 57 55 46 38

15 59 70 65 66 51

16 67 84 71 70 51

17 62 72 65 63 53 39

18 62 68 66 88 51 40
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Concentration (ug/L)

Site Date:1/31/91 3/06/91 3/27/91 4/24/91 5/22/91 6/06/91

1 33 30 44 36 23 18

2 30 31 43 32 21 19

3 29 49 -- 39 --

4 30 31 44 36 22 18

5 30 31 44 35 19

6 32 33 55 35 24 21

7 33 32 48 38 -- --

8 32 32 47 37 27 22

9 79 79 98 81 52 49

10 34 36 49 40 23

11 32 36 47 37 26 22

12 32 34 47 37 23 21

13 32 33 47 36 -- 29

14 31 33 53 35 24 21

15 47 38 49 36 23

16 34 33 45 37 --

17 46 37 50 37 24 23

18 41 36 53 36 25 23
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Concentration (ug/L)

Site Date:6/18/91 7/02/91 7/15/91 7/31/91 8/13/91 8/28/91

1 18 9 10 12 12 11

2 19 12 4 12 12 11

3 -- -- --

4 18 10 8 11 9 10

5 19 10 11 12 10 9

6 21 13 11 16 13 13

7 -- -- -- -- -- --

8 22 12 11 17 15 14

9 49 36 36 37 35 30

10 23 13 12 16 18 13

11 22 15 12 19 17 14

12 21 14 12 15 13 11

13 29 17 18 20 --

14 21 13 10 15 13 10

15 23 17 8 14 11 8

16 -- -- -- -- -- --

17 23 15 10 14 12 10

18 23 13 11 14 16 14
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/L

Site Date:9/11/91 9/24/91 10/11/91 10/22/91

1 14 14 9 14

2 13 17 12 17

3 -- -- --

4 13 17 8 20

5 11 16 8 17

6 14 20 14 34

7 -- --

8 16 19 13 35

9 37 39 34 40

10 17 20 13 25

11 17 22 13 38

12 14 16 11 19

13 -- -- --

14 12 15 10 12

15 11 15 10 17

16 -- -- --

17 13 16 12 16

18 16 22 15 19

Concentration u _
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APPENDIX B.

The Total Phosphorus Concentrations for all Sampling Locations and

Dates.
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Concentration (ug/L)

Site Date:7/2 7/15 7/31 8/13 8/28 9/11 9/24 10/11 10/22

1 29 28 30 27 29 21 26 38 36

2 20 23 32 28 21 19 23 30 32

3 -- -- -- -- -- -- -- -- --

4 18 21 23 22 23 20 27 31 43

5 24 20 39 22 30 25 25 30 44

6 23 24 39 22 33 27 23 32 25

7 -- -- -- -- -- --

8 19 26 34 21 30 25 24 33 28

9 75 50 68 56 62 50 48 59 58

10 48 25 46 27 32 20 28 33 25

11 56 30 66 24 20 25 23 32 44

12 18 25 31 32 29 28 26 29 28

13 -- -- -- -- -- -- -- -- --

14 20 29 40 27 14 23 28 26 30

15 25 26 31 23 28 21 25 28 33

16 -- -- -- -- -- -- --

17 27 27 38 27 33 21 36 28 38

18 118 28 35 28 33 27 24 35 37
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APPENDIX C.

The Area (in acres) of each of the Soil Series and their Phases within each

of the 17 Drainage Nets.
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Series

Area (acres)

Series Series

Net: N1 Net 4 cont'd Net 6 cont'd.

ASE 19.82 OLF 243.18 WED 0.86

HBE 58.67 OLG 9.24 WEE 1.06

HBF 23.87 WKD 7.84

HBG 9.08 Net: N5 YAD 21.48

MEE 42.06 HCD 19.31 YAF 41.66

OLE 18.81 JRC 26.36 YHD 10.10

OLF 22.01 MEE 62.37
MEF 71.90 Net: N7

Net: N2 NCD 16.87 CEC 31.78

ASE 8.85 OLE 326.05 CO 2.35

ASF 12.86 OLF 179.11 HCD 2.40

FW 26.77 OLG 7.36 JRB 7.56

HBE 146.79 PAD 34.68 JRC 19.92

HBF 285.73 WC 4.88 JRD 35.30

HBG 0.25 WEE 29.75 JRE 48.15

MEE 203.49 JRF 97.91

MEF 8.00 Net: N6 MEE 88.11

OLE 788.93 CEC 3.33 NCD 1.81

OLF 1070.66 HCD 205.21 OLE 60.01

OLG 46.72 JRB 2.61 OLF 59.85

JRC 53.30 PAD 1.90

Net: N3 JRD 23.79 PCC 18.43

FW 51.66 JRE 30.10 PCD 26.31

MEE 21.18 JRF 13.28 PCE 21.90

OLE 44.72 MEE 49.97 PCF 11.76

OLF 44.90 NCD 53.52 SH 1.00

OLG 13.86 OLE 217.92 WED 4.77

OLF 400.96 WEE 18.96

Net: N4 PAD 20.08 WKD 52.96

FW 5.25 PCE 37.91 YAC 0.80

MEE 9.42 PCF 36.13 YAD 30.59

OLE 580.24 WC 0.80 YAE 1.59
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Area (acres)

Series Series Series

Net 7 cont'd Net 9 cont'd Net 10 cont'd.
YAF 15.53 CH 2.56 WKD 54.50

PAD 16.23 YAC 7.60

Net: N8 PCC 9.80 YAD 23.48

CEC 30.04 PCD 8.93 YAE 10.67

HCB 4.10 PCE 3.86 YAF 142.50

HCD 62.55 WEC 21.11 YHB 2.25

JRB 13.48 WEE 12.06 YHD 1.99

JRC 2.25 WEF 4.01

JRD 56.26 WKD 6.08 Net: N11

JRE 55.53 YAB 6.23 CEC 35.15

JRF 60.39 YAC 4.86 CH 56.10

NCD 63.80 YAD 9.49 CN 2.40

OLE 25.58 YAE 7.13 CS 3.90

OLF 87.47 YAF 55.67 DUC 14.45

PAD 68.16 HCD 15.63

PCC 1.46 Net: N10 JRD 27.72

PCD 13.42 CEO 8.50 JRF 18.29

PCE 9.60 CH 20.04 MB 2.06

PCF 15.22 CN 7.76 PAD 54.54

PED 1.36 CO 28.63 SUD 3.42

SL 4.49 HOB 8.67 WC 17.46

SUD 47.17 HCD 2.73 WEC 9.83

SUD 47.17 JRE 9.28 WED 13.83

WEC 26.24 JRF 14.22 WEE 1.52

WED 1.91 PAD 65.64 WEF 59.36

WEE 72.17 PCC 2.13 WKD 39.07

WEF 0.43 PCD 21.68 YAC 107.50

WKB 1.44 PCE 65.08 YAD 5.54

WKD 102.16 PCF 47.93 YAE 18.68

YAB 11.43 PEB 6.79 YAF 25.94

YAC 12.68 SH 2.12 YHB 1.24

YAD 5.79 SL 0.67 YHD 0.82

YAE 30.31 WC 2.46
YAF 91.86 WEC 7.33 Net: N12
YHD 52.12 WED 65.81 CH 1.14

WEE 112.75 DUC 8.55

Net: N9 WEF 51.63 HCD 28.77

CEO 8.17 WKB 4.41 JRC 22.96
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Area (acres)

Series Series Series

Net 12 cont'd. Net 13 cont'd. Net 15 cont'd
JRD 67.45 WKD 43.14 WIC 1.44

JRE 97.02 YAC 10.50 WKD 11.31

JRF 61.27 YAD 18.69 WUB 2.64
MB 30.39 YAE 55.62 WUC 1.61

MEE 46.21 YAF 22.90 YAC 0.00
MEF 21.56 YHB 1.72 YAD 0.32

NCD 5.59 YAE 34.53

OLE 93.72 Net: N14 YAF 56.84

OLF 91.14 CAD 3.88 YHD 21.22
PAD 96.78 CEC 13.05
PCD 6.06 SUD 8.37 Net: N16
PED 0.87 WEC 15.43 AM 121.47
SUD 29.84 WED 20.17 CAB 104.94

WC 3.63 WEE 57.52 CAC 45.76
WKD 11.86 WEF 13.93 CAD 4.55
YAC 0.66 WKD 1.33 CEC 37.05
YAD 27.70 YAE 4.73 CH 101.09

YAE 20.31 YAF 24.40 CN 5.94

YAF 22.46 CO 16.66

YHD 13.11 Net: N15 CS 1.93
AM 11.97 CV 5.88

Net: N13 CAB 45.23 DUC 11.60

CAC 8.66 CAC 12.73 HCB 24.68
CAD 16.77 CEC 24.55 HCD 18.35

CEC 36.53 CH 47.32 JRC 40.07
CH 16.80 CS 3.88 JRD 31.13

HCD 4.54 DUC 17.25 JRE 15.59

JRD 29.55 JRC 4.54 JRF 23.88
JRE 26.87 JRD 28.47 MB 19.79

JRF 11.08 MB 0.80 OLE 2.08

MB 22.48 PAD 28.21 OLF 39.59
OLF 0.82 PCD 0.03 PAD 52.08

PCD 4.54 SH 3.47 PCC 47.12
SUD 0.26 SUD 35.15 PCD 167.54

WEC 10.85 WC 21.74 PCE 7.73
WED 13.78 WEC 39.95 SL 63.22
WEE 17.00 WED 52.74 TE 2.51

WEF 6.54 WIA 3.79 WC 224.53
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Series Area(acres) Series Area(acres)

Net 16 cont'd. Net: N17

WEC 109.61 AM 171.69
WED 113.84 CAB 69.15
WEE 47.05 CAC 7.53

WIA 232.21 CH 48.85
WIC 48.96 CM 92.65
WID 13.02 CS 17.63

WKB 11.31 DA 37.93

WKD 36.52 DC 9.83
WUB 25.67 TE 103.68
WUC 13.58 WC 76.87
WUD 9.56 WIA 194.97
YAB 9.82 WIC 12.53
YAC 19.68 WID 8.70
YAD 43.39 WUB 290.21

YAE 38.78 WUC 10.01

YAF 5.94 WUD 8.80
YHB 15.29 YAB 0.67
YHD 39.70 YAD 6.27
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APPENDIX D.

The Discharge Values, in m3/s, for all Baker Creek Locations throughout all

Sampling Periods.
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Discharge (m3/s)

Site Date:5/22/90 5/29/90 6/06/90 6/13/90 6/20/90 7/03/90

1 0.04 0.02 0.03 0.03 0.02 0.02

2 0.24 0.22 0.26 0.26 0.23 0.20

3 -- -- -- --

4 0.24 0.25 0.29 0.33 0.29 0.20

5 0.27 0.25 0.32 0.35 0.31 0.21

6 0.30 0.30 0.36 0.40 0.32 0.29

7 0.31 0.31 0.39 0.41 0.32 0.30

8 0.31 0.31 0.39 0.41 0.32 0.30

9 -- -- -- -- --

10 0.32 0.33 0.40 0.45 0.32 0.31

11 0.32 0.33 0.40 0.45 0.32 0.31

12 0.36 0.36 0.43 0.48 0.32 0.33

13 0.36 0.36 0.43 0.48 0.32 0.41

14 0.36 0.36 0.43 0.48 0.32 0.44

15 0.36 0.36 0.43 0.48 0.32 0.44

16 -- -- -- -- --

17 0.51 0.51 0.61 0.66 0.47 0.50

18 0.52 0.52 0.62 0.67 0.49 0.52
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Discharge (m3/s)

Site Date:7/17/90 7/24/90 8/02/90 8/08/90 8/14/90 8/21/90

1 0.02 0.02 0.01 0.01 0.01 0.01

2 0.18 0.05 0.05 0.05 0.05 0.05

3 -- -- -- -- --

4 0.17 0.11 0.09 0.09 0.08 0.09

5 0.20 0.11 0.10 0.10 0.11 0.10

6 0.23 0.15 0.13 0.13 0.13 0.15

7 0.23 0.16 0.13 0.13 0.13 0.15

8 0.24 0.14 0.13 0.13 0.13 0.15

9 -- -- -- -- --

10 0.25 0.10 0.13 0.13 0.11 0.10

11 0.25 0.10 0.10 0.10 0.11 0.10

12 0.26 0.08 0.08 0.08 0.08 0.08

13 0.26 0.08 0.08 0.08 0.08 0.08

14 0.26 0.09 0.08 0.08 0.08 0.08

15 0.26 0.09 0.08 0.08 0.08 0.08

16 -- -- -- -- --

17 0,35 0.11 0.10 0.10 0.10 0.12

18 0.37 0.11 0.10 0.10 0.11 0.13
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Discharge m3/s)

Site Date:8/28/90 9/04/90 9/11/90 9/17/90 9/24/90 10/02/90

1 0.01 0.01 0.01 0.01 0.01 0.01

2 0.05 0.05 0.04 0.05 0.04 0.04

3 -- -- -- --

4 0.10 0.09 0.07 0.09 0.09 0.07

5 0.10 0.10 0.10 0.11 0.11 0.09

6 0.15 0.13 0.13 0.15 0.13 0.11

7 0.16 0.13 0.13 0.17 0.15 0.13

8 0.17 0.13 0.10 0.19 0.17 0.15

9 -- -- -- --

10 0.17 0.13 0.10 0.22 0.19 0.18

11 0.11 0.13 0.09 0.24 0.20 0.20

12 0.09 0.09 0.09 0.26 0.22 0.21

13 0.09 0.09 0.09 0.26 0.22 0.21

14 0.09 0.09 0.09 0.26 0.22 0.21

15 0.09 0.09 0.09 0.26 0.22 0.21

16 -- -- -- --

17 0.14 0.14 0.14 0.32 0.25 0.24

18 0.15 0.15 0.15 0.33 0.26 0.26
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Discharge (m3/s)

Site Date:10/10/90 10/17/90 10/24/90 11/01/90 11/30/90 1/30/91

1 0.01 0.03 0.02 0.02 0.09 0.09

2 0.04 0.26 0.21 0.26 0.51 0.42

3 -- -- -- -- --

4 0.10 0.30 0.29 0.26 0.09 0.80

5 0.11 0.30 0.30 0.32 1.30 1.00

6 0.13 0.41 0.30 0.36 1.70 1.50

7 0.15 0.43 0.31 0.39 2.00 1.70

8 0.17 0.45 0.31 0.44 2.40 1.90

9 -- -- -- --

10 0.19 0.48 0.32 0.49 2.80 2.10

11 0.21 0.52 0.33 0.55 3.50 2.30

12 0.22 0.56 0.34 0.56 4.02 2.53

13 0.22 0.56 0.34 0.56 4.03 2.53

14 0.22 0.56 0.34 0.56 4.04 2.55

15 0.22 0.56 0.34 0.56 4.05 2.56

16 -- --

17 0.26 0.72 0.49 0.74 4.36 2.58

18 0.28 0.73 0.51 0.76 4.39 2.61
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Discharge (m3/s)

Year 1991

Site 02/28 3/27 4/24 5/22 6/05 6/18 7/02

1 0.11 0.09 0.09 0.03 0.03 0.02 0.02

2 0.49 0.45 0.42 0.20 0.26 0.23 0.20

3 -- -- -- -- --

4 0.86 0.83 0.80 0.23 0.28 0.29 0.20

5 1.20 1.10 1.00 0.25 0.29 0.29 0.21

6 1.90 1.80 1.50 0.27 0.30 0.30 0.22

7 2.00 1.90 1.70 -- -- -- --

8 2.40 2.30 1.90 0.29 0.30 0.30 0.23

9 -- -- -- -- -- -- --

10 2.80 2.70 2.10 0.30 0.31 0.30 0.24

11 3.00 3.00 2.30 0.31 0.31 0.29 0.24

12 3.20 3.20 2.53 0.33 0.24 0.24 0.10

13 -- -- -- --

14 3.22 3.20 2.54 0.35 0.28 0.26 0.27

15 3.24 3.22 2.55 0.36 0.29 0.27 0.27

16 -- -- -- -- --

17 3.26 3.23 2.76 0.49 0.40 0.38 0.35

18 3.29 3.30 2.80 0.51 0.42 0.40 0.36
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Discharge (m3/s)

Year 1991

Site 7/15 7/31 8/13 8/28 9/11 9/24 10/11 10/22

1 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.02

2 0.20 0.20 0.20 0.05 0.05 0.04 0.04 0,05

3 --

4 0.20 0.20 0.21 0.10 0.09 0.10 0.09 0.10

5 0.21 0.21 0.22 0.10 0.10 0.11 0.10 0.12

6 0.22 0.22 0.23 0.15 0.13 0.13 0.11 0.15

7 --

8 0.23 0.23 0.23 0.17 0.13 0.17 0.12 0.17

9

10 0.24 0.23 0.23 0.17 0.13 0.19 0.13 0.19

11 0.25 0.15 0.15 0.11 0.10 0.19 0.13 0.22

12 0.26 0.09 0.09 0.10 0.08 0.09 0.08 0.24

13 --

14 0.27 0.09 0.09 0.10 0.08 0.09 0.08 0.28

15 0.27 0.09 0.10 0.10 0.08 0.09 0.08 0.30

16

17 0.35 0.10 0.10 0.14 0.10 0.13 0.12 0.40

18 0.36 0.10 0.10 0.15 0.10 0.13 0.13 0.44
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Appendix E.

Baker Creek Locations for Discharge Calculations and Stream Cross-

sectional Segments and Associated Velocities.
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Site Cross-sectional areas and associated velocities Flow m3/s

05/22/90

1 0.06(.033)+0.064(0.307)
0.04

2 0.19 (0.193)+0.34 (0.26)+0.09(0.352)+0.25 (0.259) 0.23

4 0.124(0.534)+0.160(0.693)+0.124(0.534) 0.24

12 0.301 (0.17)+0.359 (0.193) +0.379(0.216) +0.379 (0.216)

+0.379(0.193)
0.36

18 0.125 (0.143) +0.228(0.259) +0.184(0.259)+0.184(0.259)
+0.303(0.33)=1/2 of stream area so 2x for entire stream= 0.52

5/29/90

1 0.06(0.33)
0.02

2 0.320(0.193)+0.391(0.259)+0.279(0.216)
0.22

4 0.121(0.539)+0.168(0.693)+0.121(0.539)
0.25

12 Same as on 5/22/90
18 Same as on 5/22/90

06/06/90

1 0.070(0.352)
0.03

2 0.35(0.193)+0.45(0.259)+0.35(0.216) 0.26

4 0.147(0.534)+0.194(0.693)+0.141(0.534) 0.29

12 0.407(0.193)+0.372(0.239)+0.372(0.239)+0.372(0.239)
+0.398(0.216) 0.43

18 0.240(0.125) +0.235(0.259)+0.212(0.259)+0.211 (0.259)

+0.417(0.259) x2 0.62

06/13/90

1 Same as on 06/06/90
2 Same as on 06/06/90
4 0.161(0.534)+0.224(0.693)+0.165(0.534)
12 0.431 (0.216) +0.451(0.239) +0.451(0.239)+0.451(0.239)

+0.498(0.216)
18 0.262(0.125) +0.265(0.259) +0.211 (0.259)+0.211 (0.259)

+0.386(0.33) x2

0.33

0.48

0.67



Site
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Cross-sectional areas and velocities Flow m3/s

06/20/90

1 Same as on 05/29/90
2 Same as on 06/06/90
4 Same as on 06/60/90
12 0.301 (0.170)+0.331(0.216)+0.341 (0.216)+0.341 (0.216)

+0.312(0.193) 0.32

18 0.132 (0.125) +0.204(0.259) +0.166 (0.259)+0.166 (0.259)

+0.272(0.33) x2 0.49

07/03/90
1 Same as on 06/20/90
2 0.290(0.193)+0.361(0.260)+0.252(0.216) 0.20

4 0.116(0.511)+0.154(0.534)+0.112(0.511) 0.20

12 0.301 (0.170)+0.340(0.216)+0.341(0.216)+0.341 (0.216)

+0.312(0.193) 0.33

18 Same as 05/29/90

07/09/90
1,2,4,12,18 Same as on 07/03/90

07/17/90
1 Same as on 07/03/90
2 0.272(0.193)+0.325(0.260)+0.221(0.216) 0.18

4 0.10(0.489)+0.301(0.511)+0.10(0.489) 0.17

12 0.261(0.17)+0.301 (0.193)+0.301 (0.193)+0.301 (0.193)

+0.253(0.170) 0.26

18 Estimated

07/24/90
1 Same as on 07/17/90
2 0.081(0.125)+0.195(0.170)+0.076(0.125) 0.05

4 0.091(0.307)+0.125(0.398)+0.091(0.307) 0.11

12 0.8(0.125)+0.178(0.170)+0.104(0.125) 0.08

18 Estimated

08/02/90
1 0.05(0.284) 0.01

2 0.048(0.125)+0.190(0.170)+0.069(0.125) 0.05

4 0.079(0.307)+0.111(0.398)+0.088(0.284) 0.09

12 Same as on 07/24/90
18 Estimated
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Site Cross-sectional areas and associated velocities Flow m3/s

08/08/90
1,2,4,12, Same as on 08/02/90
18 Estimated

08/14/90
1 Same as on 08/08/90
2 Same as on 08/08/90
4 0.065(0.307)+0.10(0.398)+0.071(0.284)
12 Same as on 08/08/90
18 Same as on 07/24/90

1 Same as on 08/14/90
2 Same as on 08/14/90
4 Same as on 08/08/90
12 Same as on 08/14/90
18 Estimated

08/21/90

08/28/90
1 Same as on 08/21/90
2 Same as on 07/24/90
4 Intermediate value between 07/24/90 and 08/02/90

12 0.089(0.125)+0.187(0.170)+0.187(0.170)+0.126(0.125)
18 Estimated

09/04/90
1 Same as on 08/28/90
2 Same as on 08/21/90
4 Intermediat value between 07/24/90 and 08/02/90

12 Same as on 08/28/90
18 Same as on 08/28/90

09/11/90
1 Same as on 09/04/90
2 0.035(0.125)+0.145(0.17)+0.047(0.125)
4 0.067(0.284)+0.088(0.375)+0..071(.259)
12 Same as on 09/04/90
18 Same as on 09/04/90

0.08

0.09

0.04
0.07
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Site Cross-sectional areas and associated velocities Flow m3/s

09/17/90
1 Same as on 09/04/90
2 Same as on 08/02/90
4 Same as on 09/04/90
12 Same as on 07/17/90
18 0.154(0.102) +0.248 (0.193) +0.248 (0.193) +0.248 (0.193) x2

09/24/90
1 Same as on 09/11/90
2 Intermediate value between 09/04/90 and 09/11/90

4 Intermediate value between 08/14/90 and 08/08/90

12 0. 212(0. 170) +0. 261(0.193) +0.261(0.193)+0.261(0.193)

+0.207(0.170)
18 Estimated

10/02/90
1 Same as on 09/24/90
2 Same as on 09/11/90
4 Same as on 09/11/90
12 0.201(0.170) +0.245 (0.193) +0.245 (0.193) +0.245 (0.193)

+0.207(0.170)
18 Same as on 09/24/90 (estimated)

1 Same as on 10/02/90
2 Same as on 09/24/90
4 Same as on 08/28/90
12 Same as on 09/24/90
18 Estimated

10/10/90

10/17/90
1 Same as on 06/06/90
2 Same as on 06/06/90
4 Same as on 06/20/90
12 0.469 (0.216) +0.469 (0.239) +0.469 (0.239) +0.469 (0.239)

+0.546(216)
18 0.282(0.125) +0.255 (0.259) +0.255 (0.259) +0.255 (0.259)

+0.396(0.33) x2

0.33

0.22

0.21

0.56

0.36
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Site Cross-sectional areas and associated velocities Flow m3/s

10/24/90
1 Same as on 07/24/90
2 Intermediate value between 05/29/90 and 07/03/90
4 Same as on 06/06/90
12 Intermediate value between 05/29/90 and 06/20/90
18 Same as on 05/22/90

11/09/90
1 Same as on 10/24/90
2 Same as on 10/17/90
4 Same as on 06/06/90
12 Same as on 10/17/90
18 Estimated

1. Cross-sectional area values for the individual stream segments, at any
particular location, are not within parenthesis and have units of m2.

2. Values for the associated velocities are within parenthesis and have units of

(m/s) .

3. Measurements were made at bridges and culverts to calibrate specific flow
values. A series of stakes were also placed by the stream (water column) and
the stream bed in certain locations to calibrate the discharge measurements
with a specific stream height and width.

4. When the width and height of the stream corresponded to the calibrated
markings it was assumed the discharge was equal to the old measured values.
(It was assumed the stream bed was not significantly altered). When the
stream width and height was between these calibrated markings the discharge
values were assumed to be intermediate between the previously measured

values.

5. Discharge values were interpolated or estimated between the measured
locations on Baker Creek.

6. During the high-flow period discharge measurements became dangerous at
most locations. Velocity measurements could only be obtained near the stream
bank and "extrapolated" out to the center of the stream. The increased cross-
sectional area was estimated from the calibrated markings on the bridges,
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culverts and stakes. Again, it was assumed that there was no significant
change within the physiography of the stream bed.

7. These same sites and calibrations were used during the second year of the

study to obtain the discharge values.

8. Site 18 was the widest location and the stream bed was very smooth and
symmetrical. Measurements were made out to the middle of the stream and
then multiplied by a factor of two.


