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Modern agricultural erosion was studied using 137Cs from

fallout as an indicator of erosion/deposition. The study area was a

285 ha agricultural watershed in the hilly western margin of the

Willamette Valley, a high winter rainfall zone in which fall-planted

crops are commonly grown.

Objectives of the study were (i) to identify, based on areal con-

centration and depth distribution of 137 Cs activity, those parts of

the landscape that had been most severely eroded over the period of

fallout (since early 1954), (ii) to identify, based likewise on 137
Cs

signature, those parts of the landscape that had been subject to net

deposition over the same period, and (iii) to quantify erosion rates

over the fallout period.

Along each of eight transects representing a variety of eleva-

tions, slope aspects, and slope gradients, sample sites were selected



in ridgetop, steep sideslope, and concave footslope areas. Also

sampled were a single convex ridge shoulder, a high ridgetop, two

fencerow-controlled alluvial fans, two sites on a floodplain, and two

sites in a farm pond built in 1971. Replicate soil cores were collected

within a small (< 2 m2) area at each of the 32 sampling sites. Cores

were cut into depth increments of 7.5, 10, or 15 cm increments.

Corresponding increments from replicates at each site were lumped.

Samples were analyzed at Oak Ridge National Laboratory for 137Cs

activity.

Patterns of depth distributions of 137Cs activity suggested

strongly that 137Cs had been retained in surface soils on the watershed

and therefore was a good tracer in erosion/sediment studies.

Cesium-137 signatures of sideslope sites and those of ridgetop

sites were, on the average, indistinguishable from each other. Depo-

sitional sites, in contrast with both sideslopes and ridgetops, tended

to have overthickened 137Cs profiles and high total contents of 137Cs.

Average total 137Cs activity in depositional sites was about 12 pCi/

cm2. In sideslopes and ridgetops it was about 8 pCi/cm 2
.

Concave footslope positions are important zones of sediment

storage. Two of eight footslopes sampled had
137 Cs signatures that

did not reflect deposition, suggesting the existence of a dynamic

deposition/re-entrainment environment in footslopes.



The two alluvial fans sampled had strongly depositional 137Cs

signatures, but contained much less total sediment than did upstream

footslopes. The two floodplain sites had not experienced net detect-

able deposition over the fallout period, which was indicative of a

diffuse, thin spreading of sediment in the wide floodplain zone. Sites

in the eight year old pond were marginally to strongly depositional.

Two different approaches, "volumetric" and "gravimetric, "

were used to estimate post-1954 erosion rates in two nested water-

sheds, 6 and 13 ha in size. The "volumetric" approach involved

calculation of the volume and mass of sediment currently residing in

depositional zones, based on areal extent of the zone and depth of

occurrence of 137Cs in the zone. Erosion rate estimates by this

technique ranged from 3 to 14 MT/ha/yr (1 to 6 T/a/yr).

The "gravimetric" approach involved algebraic manipulation of

measured areal concentrations of 137 Cs activity in depositional and

non-depositional zones, to obtain estimates of the amount of depletion

of fallout
137Cs that had occurred in upland zones. Conversion of the

137 Cs loss to sediment loss yielded soil loss estimates ranging from

6 to 27 MT/ha/yr (3 to 12 T/a/yr).

Imprecision in these estimates is great. But the estimates do

indicate strongly that modern erosion rates, while not spectacular,

have been great enough to warrant the use of appropriate conservation

measures in hilly croplands of the region.
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AGRICULTURAL EROSION AND SEDIMENT IN THE
WESTERN WILLAMETTE VALLEY AS

INDICATED BY REDISTRIBUTION
OF CESIUM-137

INTRODUCTION

The Erosion Project

Soil erosion on agricultural lands has been a problem and, in

parts of the world, a potential threat to societies for many hundreds

of years. Gradual worsening of erosion and sediment problems has

presaged in some instances the decline of entire civilizations

(Lowderrnilk, 1975).

In the United States, the last half-century has been a period of

heightened concern about soil erosion. Beginning with a recognition

of the of the threat posed by erosion (Bennett and. Chapline, 1928),

widespread, intensive research has been directed toward agricultural

erosion, the rate at which it occurs, and its consequences (Smith

et al., 1948; Engelstad et al., 1961; Judson and. Ritter, 1964; Ruhe

and Daniels, 1965; Costa, 1975; Womack and. Schumm, 19 77;

Wischmeier and Smith, 1965, 1978).

In recent years three conditions have led to the establishment

of erosion research programs in the Pacific Northwest: (i) national

concern, coupled with the passage of Public Law 92-500, in the
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areas of water quality and nonpoint sources of pollution, including

that from agricultural land (Gray, 1974; Cooley, 1976), (ii) realiza-

tion in the public mind that erosion problems in many instances have

persisted despite the efforts and money spent for erosion control,

and that some government programs in erosion control have been

weakly implemented or perhaps even misdirected (Carter, 1977;

Comptroller General of the United States, 1977), and (iii) recogni-

tion by the scientific community that the largest part of North

American erosion research prior to the 19701s had been conducted

outside the Pacific Northwest and therefore is not wholly applicable

here (McCool et al., 1976; U.S. Soil Conservation Service, 1976;

Committee of Scientists, 1977; Oregon Agricultural Experiment

Station, 1977; Wischmeier and Smith, 1978).

Thus there developed in the Northwest a need and desire to

examine the conditions under which runoff and erosion occur on

agricultural lands, the rates and severity of erosion, and the

possibilities for amelioration of erosion and sediment problems,

should they be deemed significant based on appropriate research.

The STEEP (Solutions to Environmental and Economic Prob-

lems) project is a federally-funded, multi-disciplinary effort among

the Agricultural Experiment Stations of Idaho, Oregon, and Wash-

ington, and the Science and Education Administration of the USDA.

As part of this project, the Department of Soil Science at Oregon



3

State University is investigating a wide variety of erosion and

erosion-related phenomena, mainly at the Elkins Road study area

in southeastern Polk County, Oregon. While this research effort

is building in part from a body of scientific data and principles de-

rived elsewhere, there has been heretofore a singular lack of

"hard" research in agricultural erosion west of the Oregon and

Washington Cascades.

Prior Investigations

Anderson (1954) investigated suspended sediment loads in

both mountain and valley watersheds in western Oregon, relating

sediment discharge to watershed characteristics, including esti-

mates of surface soil textural and structural characteristics, soil

type, and extent of bare cultivation (row and small grain crops).

Regression analysis showed that sediment discharge increased as

percent of bare cultivation increased, and that conversion of bare

cultivated land to other types of cultivation would. nearly eliminate

that land as a source of suspended sediment. Anderson's work,

however, did not address the soil conditions under which agricul-

tural erosion occurs, nor did it quantify redeposition of sediment

within agricultural fields.

Other studies in northwestern erosion have been even less
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satisfying than Anderson's in helping agriculturists to understand

erosional processes and quantify erosion rates. The Committee on

Area Plans for Oregon (1.944) foresaw an erosion threat to marginal,

hilly farmlands in the Willamette Valley under intensive management

in the then-impending postwar period, but had no numbers to prove

its point. Government surveys following major erosion events in

1949 (U.S. Soil Conservation Service, 1949) and 1964/65 (Baum and

Kaiser, 1965) showed that heavy rains falling on snow-covered,

frozen or partly frozen ground were one cause of severe agricul-

tural erosion in Western Oregon. The Willamette Basin Task Force

(1969), based on perusal of historical records of major erosion

events, recognized a high risk of severe erosion when the soil is

saturated or frozen, but again no rigorous analysis or quantifica-

tion was given.

The most recent studies addressing agricultural erosion in

the region (Rickert et al., 1976; Hedlund, 1977; Tillamook Bay

Task Force, 1978) took the form of extensive surveys with little or

no data collection, quantification, or examination of processes

within agricultural fields. As Young (1976) brought out, strident

opinions on agricultural erosion rates and on the farmer's role

in nonpoint source pollution are far easier to come by than the sci-

entific data and concepts needed to support such opinions.
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Objectives

The main thrust of the erosion research effort at Elkins

Road Watershed has involved storm-to-storm, year-to-year moni-

toring of watershed hydrology, erosion-related soil moisture phe-

nomena, erosion rates, and watershed sediment discharge rates.

In addition to this approach, it was desired from the onset

of the project that some technique be found by which erosion/

deposition rates could be assessed on the watershed for all or

most of the post-World War II period. In the absence of carbon

dates, buried artifacts, appropriate stratigraphic markers, and

monuments in depositional zones, it was thought that tracing the

redistribution of radioactive fallout might be a feasible approach.

Use of fallout radionuclides as indicators of sedimentation

rates (McHenry et al., 1973; Ritchie et al., 1975; Pennington

,1 al. , 1976) and erosion rates (Menzel, 1960, Ritchie It al. ,

1974b; Ritchie and McHenry, 1975; McHenry and Ritchie, 1977a)

has become a more and more widely, frequently used practice in

the 1960's and 70's.

Fortuitously, liaison was established in 1978 between the

OSU erosion project and Dr. N. H. Cutshall of the Environmental

Sciences Division at Oak Ridge National Laboratory (ORNL), Oak

Ridge, Tennessee. Dr. Cutshall agreed to cooperate in an



attempt to evaluate postwar erosion at Elkins Road Watershed

through an analysis of the redistribution of fallout cesium-137

(137Cs). Dr. Cutshall's principal role in the study was to arrange

and oversee the analysis of up to 125 soil samples for 137Cs ac-

tivity. The writer's main responsibilities included development

of a sampling scheme, selection of sampling sites, collection of

samples, and interpretation of data.

Sediment surveys and reservoirs of known trap efficiency

are lacking at Elkins Road Watershed. Also, virtually the entire

landscape of interest has been in cultivation for at least part of the

period of fallout input and thus has a disturbed surface soil and

137Cs profile. It was expected therefore that interpretation of

137 Cs measurements would be difficult. This expectation along

6

with the overall limit on number of analyses necessitated the estab-

lishment of realistic, modest goals. The following principal objec-

tives were developed: (i) identify, based on areal concentration and

depth distribution of 137Cs, those parts of the landscape of Elkins

Road Watershed that had been most severely eroded over the period

of input of radioactive fallout, (ii) identify, based also on 137Cs

signatures, those parts of the landscape that had been subject to depo-

sition over the same period, and (iii) contingent on the degree of

success in meeting one or both of the first two objectives, quantify

erosion rates over the period of fallout input.
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LIICERA TIME REVIEW

137Cs in Fallout

Cesium is an alkali metal with a chemistry similar to that of

sodium, potassium, and other elements of Group I in the Periodic

Table. Cesium-137 is a radioactive isotope whose origin is nuclear

fission, an artificial rather than natural source. Thus 137 Cs is not

found on earth except where it has been introduced as a result of

fission reactions in nuclear reactors or nuclear weapons.

Cesium-137 is-one of many products arising from the fission

of uranium-235, uranium-238, and other fissionable materials.

The probability per fission of forming 137-mass products is

about 6%. Iodine-137 (1371) is the chief 137-mass product of

fission. It, in turn, decays by beta-emission, with a 24.4-second

half-life, to xenon-137 ( 137Xe), or in lesser amounts, by neutron-

emission, to stable 136 Xe. Xenon-137 decays with a 3. 9- minute

half-life, also by beta-emission, to the long-lived isotope of interest

here, 137Cs. Cesium-137 has a half-life of 30 years, decaying by

beta-decay to ground-state, stable barium-137 ( 137 Ba) or, in greater

amounts (-92%) to 137mBa, an excited form of 137Ba that shifts to

ground-state 137Ba by gamma-emission with a 2.5-minute half-life.

The decay chain from 1371 to 137Ba is represented symbolically as

follows (Katcoff, 1960):



stable 136Xe

+ neutron

-0. 04/
24.4-sec 137 I

- 0. 96

3.9-min 137 XeLl

2, 57-min 137mBa

stable 137Ba
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It is the 0. 66-Mev gamma-ray emitted in the 137mBa-P.137Ba

shift that provides the signature by which 137Cs is detected using

solid scintillation or semiconductor radiation detectors (Chase and

Rabinovitz, 1962; Glasstone, 1967; Ritchie and McHenry, 1973a;

Robertson 2s al. , 1975; Wang et al., 1975; Browne et al.,

1978).

Cesium-137 and other radioactive materials produced in

nuclear reactors are usually contained and controlled as to their

disposal or use. Such is not the case with the radioactive materials

produced by nuclear weapons detonated in the atmosphere. In a

fission (or "atom") bomb,
137 Cs is a product of the detonation as

described previously. In the fusion (or "hydrogen") bomb,
137 Cs

is mot a product of the fusion reaction. However, a fission explo-

sion is used to produce the required temperature to initiate the
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fusion reaction. Also, fast neutrons released in the fusion reac-

tion can cause fission of 238 ti nuclei present in the fusion bomb

(Glasstone, 1967). Fission reactions, with 137Cs as one of the re-

sultant products, have been associated therefore with virtually all

atmospheric nuclear weapons detonations.

Nuclear detonations in World War II, and subsequent weapons

tests in the 1940's were of low yield (Glasstone, 1957) and caused

little world-wide contamination with long-lived radionuclides like

137Cs. Beginning in the 1950's with the first fusion explosions,

however, many test yields were great enough to inject fission prod-

ucts into the upper troposphere and, to a great extent, the stratos-

phere. Fallout from the stratosphere is the dominant source of

radioactivity that weapons tests have introduced into the environ-

ment (Arnold and. Martell, 1959; Russell and Bruce, 1969).

After a nuclear explosion, fission products in the fireball

are present in the vapor form. As the fireball rises and cools,

fission products condense and form an aerosol of, fine particles.

In the lower stratosphere, most radioactive particles are submicron

in size and thus have negligible settling velocities. Particles may

be removed from the stratosphere by impaction, by settling after

coagulation with other aerosols, or, in high latitudes, by passage

through the ntropause gap" into the upper troposphere. Once re-

moved from the stratosphere into the upper troposphere, the
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radioactive materials are subject to atmospheric turbulent mixing,

and reach the earth chiefly by precipitation scavenging either dis-

solved in rain or retained on dust that is suspended in rain (Setter

and Straub, 1958; Arnold and Martell, 1959; Adams et al., 1960;

Machta et al., 1962; U. N. Scientific Committee on the Effects of

Atomic Radiation, 1964; Syers et al., 1972).

Residence times of fission products in the stratosphere may

range from months to years, affording the widespread distribution

of the materials over large areas of the earth (Arnold and Martell,

1959). Generally, stratospheric mixing is greater within a hemi-.

sphere (north or south) than between hemispheres (Panel on

Radioactivity in the Marine Environment, 1971). Since most wea-

pons tests have been conducted in the northern hemisphere, fallout

from weapons tests has been mainly in, but not confined to the

northern hemisphere (Glasstone, 1957; Hardy, 1967; Meyer et al.,

1968).

World-wide monitoring of fallout since the 1950's has shown

that peak periods of atmospheric weapons testing caused corresponding,

though delayed, peaks in fallout in 1963/64 and, to a lesser degree,

in 1959 (Machta et al., 1962; Gustafson et al., 1970; U.S. Health

and Safety Laboratory, 1977; Toonkel, 1980).

Analysis for fallout radionuclides in rainfall, dry fallout, and
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soil has been devoted chiefly to determining levels and distribution

of strontium-90 (90Sr), a 28-year half-life nuclide that, together

with 137 Cs, is a persistent and potentially dangerous environmental

contaminant (Russell and. Bruce, 1969; Browne et al., 1978). In

fallout, the ratio of the activity of 137 Cs to that of 90Sr has remained

quite constant in the 1.5 to 1.7 range (Gustafson, 1959; Ellis and

Mercer, 1965; U. N. Scientific Committee on the Effects of Atomic

Radiation, 1964, 1972; Panel on Radioactivity in the Marine Envi-

ronment, 1971). The constancy of this ratio has allowed estimation

of fallout
137Cs input based on measured fallout of 90Sr (Walton,

1963; McHenry et al., 1973; Kulikov et al., 1977).

137Cs as a Pollutant

137Cs in Soils

Because 137 Cs is a source of ionizing (both beta and gamma)

radiation, its presence is a hazard to biological systems (Arnold and

Martell, 1959; Platzman, 1959; U.N. Scientific Committee on the

Effects of Atomic Radiation, 1964, 1972). One response to the

threat posed by fallout
137Cs, 90Sr, and other hazardous radio-

nuclides has been the establishment of monitoring programs to

determine the distribution and levels of fallout around the world

(Meyer et al., 1968; Russell and Bruce, 1969; U.S. Health and
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Safety Laboratory, 1977; Toonkel, 1980).

In parallel with studies of worldwide fallout levels, many

researchers have measured the levels and distribution of fallout

radionuclides in soils of particular regions, such as the southern

U.S. (Ritchie et al., 1970a, 1972a; Ritchie and McHenry, 1973b),

the eastern U. S. (Walton, 1963; Alexander et al., 1966; Alexander,

1967), the central U.S. (Franklin et al., 1967; Gersper, 1970;

McHenry and Ritchie, 1977a; McHenry et al. , 1978; Ritchie and

McHenry, 1978), India (Mishra and. Sadasivan, 1972), the United.

Kingdom (Ellis and Mercer, 1965), and the Soviet Union (Aliyev

et al. 1977). In general, 137Cs has been found to remain near the

soil surface due to its tendency to be detained in mineral soils and

in organic litter at or near the soil surface. In cultivated soils,
137Cs is distributed more or less uniformly throughout the plow

layer. In forest soils, 137 Cs may be concentrated to some degree

in the soil and litter near tree stems due to stemflow concentration

of rainwater. Faunal activity, such as that of earthworms, also has

been shown to be a factor in slight downward displacement of radio-.

nuclides in soils.

In studies where both 137 Cs and 90Sr have been measured in

undisturbed soil, 137 Cs tends to have moved downward in the profile

to a lesser extent than 90Sr, reflecting a preferential detention of



13

137 Cs ions. This phenomenon does not always occur; Ellis and

Mercer (1965), for example, ascribed similar depth distributions

of 137 Cs and 90Sr in permanent pasture soils to a relatively high

level of soil organic matter, through which environment 137Cs was

said by these authors to "move relatively rapidly." Also, Mishra

and Sadasivan (1972) found a deepening penetration of 137Cs over

time at most of their sites in India. No mention was made in their

article, however, as to possible reasons for this, such as particu-

larly high rainfall or low clay content.

Areal variations in soil 137 Cs content have been ascribed to

erosion/deposition phenomena (Ritchie et al., 1972a; McHenry and

Ritchie, 1977a; McHenry et al., 1978; Ritchie and McHenry, 1978).

McHenry et al. (1973) elucidated the potential for increased pollu-

tion of reservoirs due to the influx of Cs -rich sediment from con-

tributing watersheds. Kulikov et al. (1977), on the other hand, ob-

served in laboratory experiments that 137 Cs was accumulated to a

greater degree in lake bottom deposits than in living or dead aquatic

plants, suggesting that bottom deposits can serve to lower the 137 Cs

content of lake water and aquatic organisms.

Not all studies of 137 Cs distribution have been restricted to

137Cs fromfallout alone.. Hay and. Ragsdale (1978) studied 137Cs

distribution across the floodplain of Lower Three Ricers Creek

downstream from the nuclear Savannah River Plant, South Carolina,
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where prior studies had shown stream contamination from the plant.

Evidence showed that inputs of 137 Cs on the floodplain were deposi-

tional; distribution of Cs seemed largely a function of the redis-

tribution of 137Cs-containing particles by scouring and depositional

processes. Shure and Gottschalk (1978) studied 137Cs cycling path-

ways in the same drainage. They found that stemflow of rainwater

can concentrate areally not only the downward movement of fallout
137Cs, as Franklin et al. (1967) had shown, but recycled 137 Cs

leached from leaves.

In southeastern Washington, Cline and Rickard (1972) ob-

served 90Sr and 137Cs distribution in abandoned field plots to which

these nuclides had been applied previously in crop contamination

studies. After 8 years, 70% of added 137Cs remained in the upper

2.5 cm of untilled soil. In tilled soil, 137 Cs was concentrated at the

tillage depth of 13 to 15 cm. That this retention in the surface soil

occurred in spite of a low (6%) clay content is probably due to the

low rainfall and consequent low leaching potential in this semi-

arid region. In vegetation, more 137 Cs was found in aged plant

litter than in recent standing litter. In explanation for this, the

authors mentioned the possibility of retention of splashed, 137Cs-

containing soil particles on the basal portions of standing dead

plant stems.
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Ragsdale et al. (1978) looked at distribution of 137 Cs in soil

and vegetation along transects leading away from the Barnwell

Nuclear Fuel Plant in South Carolina. In situ measurement of

gamma-emitting radionuclides was largely successful as compared

with laboratory analysis. But the in situ technique was unsuccess-

ful in measuring 137Cs contents in old field environments, where

irregular decreases of 137 Cs concentration with depth departed

from the usual logarithmic decrease found in areas having undis-

turbed soils.

Reichert (1962) reported on radionuclide movement in

groundwater at waste disposal facilities at the Savannah River

Plant. Migration of radionuclides, including 137 Cs, was seen to

be a problem in these generally sandy soils, particularly through

clay-poor, sandy strata and sand-filled clastic dikes. Miller and

Reitemeier (1963) conducted leaching experiments on soils having

a wide range of properties, including a range of textures from

loamy sand to clay, to evaluate downward movement of 90Sr and

137Cs. From 96 to 100% of added 134Cs was retained in the top

few cm of soil columns when leached with 760 cm of water or

neutral salt solutions. These authors acknowledge, however, that

a variety of field phenomena, including freezing and thawing, crack-

ing due to wetting and drying, and burrowing of worms and other
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small animals, can cause downward movement of radionuclides

unrelated to leaching.

137Cs in Plants and Animals

Other confounding influences on 137Cs distribution in soils

are plant uptake of 137Cs from the soil, interception and detention

of incoming
137Cs by plants and litter, and removal of 137Cs from

the land in crop harvest and grazing. Much of the interest in these

phenomena has risen from concern over the entrance of 137 Cs into

the food chain, through which it becomes concentrated in soft animal

tissue such as muscle, kidney, and liver (Miller and Marinelli, 1956;

Arnold and Martell, 1959; Hanson, 1967; Gustafson, 1969; Gustafson

et al., 1970).

Bruce and. Russell (1969) pointed out in a review article that

the principal avenue of 137Cs contamination of vegetables in the

direct fallout of the radionuclide onto the plants, since
137 Cs is

taken up by plants only in small quantities from soils that contain

"appreciable quantities" of clay. This claim is consistent with the

ideas of Roessler et al. (1969) in Florida, where unusually high

plant uptake of 137Cs from soils low in clay was thought to be the

cause of elevated levels of 137 Cs in forages and animal products.

Similarly, Ritchie et al. (1971) concluded that lichen colonies in

depressions in crystalline.rocks, where presumably little if any
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clay was present, could absorb 137 Cs directly from rainfall or

overland water flow.

Keppel (1969), based on work with potatoes, sugar beets, and

other vegetables, pointed out that clay minerals of high ion-exchange
1 37capacity often can retain 137Cs against plant uptake. On the other

hand the nature of the plant itself is also important. A finely divided

root system just beneath the soil surface, for example, may pro-

vide greater uptake than a deeper, stronger root system.

Klechkovskii and Gulyakin (1958) found
137 Cs and 90Sr to have

been taken up rapidly from water culture. However, when the same

experiment was done with the plants in soil, traces of 137Cs were

taken up by plants in considerably smaller quantities than were

traces of 90Sr. Traces of 137Cs were more tenaciously held by

soils in the adsorbed. state than traces of 90Sr and were not fully

displaced into solution by neutral salts.

In Shure and Gottschalk's (1978) floodplain study of 137 Cs

cycling, coarse-textured upland soils were the site of relatively

rapid uptake and recycling of 137 Cs as compared with the finer-

textured floodplain soils. Along the same stream, Hay and.

Ragsdale (1978) observed a similar trend parallel to the water-

course. Upstream floodplain soils were relatively coarse-textured

compared with downstream soils, and the lower sediment loads
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and greater microtopographic relief in the upstream positions

favored the exposure of feeder roots. Thus a more direct cycling

pathway from contaminated water into vegetation existed upstream.

Dahlman and Van Voris (1976) reported relative concentrations

of
137

Cs in above-ground vegetation, roots, and soil on a contami-

nated floodplain downstream from Oak Ridge National Laboratory.

Clay content of the soil was sufficient to afford retention of most
137Cs in the soil against plant uptake. Also, studies of root versus

top concentrations of 137Cs revealed that only 1 to 10% of 137Cs in

roots was moving to above ground parts of plants. Thus retention

of absorbed 137Cs in roots against upward translocation may be in

some circumstances an added cause of detention of 137Cs in surface

soil.

Nishita et al. (1968) found 137 Cs uptake by bean plants to be

relatively small compared with uptake of 90Sr when plants were

grown in contaminated loam and sandy loam soils treated with differ-

ent clay minerals. Lowest 137 Cs uptake was from soils treated with

a mix of the 2:1 type mineral illite and the 1:1 type mineral kaolinite.

Abbazov et al (1978) studied 137Cs and 90Sr uptake by wheat and

rice from various soil groups of Uzbekistan. The greatest uptake

of
137

Cs was from soils containing insignificant amounts of clay.

Degree of 137Cs uptake was also inversely related to the exchange-

able potassium (K) content of soils. Likewise, in greenhouse studies
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in North Carolina (Jackson et al., 1965), the presence of K

reduced 137Cs uptake from clay suspensions and soils. Ammonium

(NH4) ions increased
137Cs uptake, and the effect of rubidium (Rb)

was variable. Data suggested that net 137Cs uptake resulted from

a combination of the effects of cations on maintaining 137Cs in

solution and an inhibition of plant uptake and translocation.

Like clay content and types of cations and clay minerals

present, soil organic matter has been shown to influence 137
Cs

uptake by plants. As Ellis and Mercer (1965) pointed out, 137 Cs

may move relatively rapidly through soils high in organic matter.

In a study of various Bulgarian soils, Raikov et al. (1978) found a

relatively high coefficient of diffusion for 137Cs to be linked with a

high content of soil organic matter. Squire and Mitchell (1965) studied

the effect of organic matter on 137Cs absorption by ryegrass, conclud-

ing that absorption of 137Cs was more dependent on organic matter

and clay contents than on exchangeable K levels. Some 137 Cs

became associated with soil organic matter and remained more read-

ily available for plant uptake in the early stages of pot experiments

than that absorbed initially on clays. However, slow migration of

137Cs from organic matter to clays did occur over the 150-day

experiment.

Tahir and Stewart (1975) studied wheat uptake of
137Cs as
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influenced by straw and fertilizer additions to potted Saskatchewan

soils. Fertility level of soil enhanced 137Cs uptake irrespective

of growth stage, straw treatment, and 137Cs level. Results indi-

cated that the high concentration of NH4 ions added in fertilizer

may have helped to release fixed 137Cs. Greater root prolifera-

tion as a result of fertilization may also have increased uptake.

Incorporation of straw into a loam soil did not increase 137 Cs up-

take as much as its incorporation into a sandy clay loam soil.

This was thought to be due to a much higher K content in the loam

soil, which interpretation is consistent with the findings of Abbazov

et al. (1978) and Jackson et al. (1965).

Return of 137Cs from plants and animals to the soil may take

place by different avenues. Dead roots, leaves, wood, and other

litter can release 137Cs to the soil (Brown, 1964; Dahlman and

Van Voris, 1976; Klepper et al., 1978). Litter may also act,

however, as an absorptive mulch for incoming fallout, retaining
137Cs, at least temporarily, against downward penetration into

mineral soil (Gersper, 1970; Ritchie et al., 1972a).

ing of 137Cs, either fallout-derived or transpired, from living

Direct leach-

foliage is another mechanism of return to the soil (Shure and

Gottschalk, 1978; Keppel, 1969), as is the return of animal

manure to farm fields and pastures (McHenry and Ritchie, 1977a).
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Mechanisms of 137Cs Sorption in Soils

In trace amounts, as in soils that receive only fallout inputs of

the nuclide, 137 Cs is retained efficiently by soil systems containing

significant percentages of clay, provided the clay is composed, in at

least a small part, of illite (mica). Vermiculite has been shown in

some but not all instances to retain 137Cs also (Benson, 1960; Schulz

et al., 1960; Morton, 1961; Tamura, 1964; Lomenick and Tamura,

1965; Sawhney, 1965; Nishita et al., 1968; Syers et al., 1972;

Komarnini, 1978). There has been some dispute over exact sites

on or in which 137Cs is adsorbed in clays, but the binding of nuclide

ions in interlayer positions is seen to be the chief mechanism

involved (Titlyanova and Timofeyeva, 1959; Tamura and Jacobs,

1960; Coleman et al., 1963a, b; Coleman and LeRoux, 1965; Sawhney,

1965). In general, 137 Cs retention is a pH-dependent phenomenon,

with greater retention by clays at higher pH levels. Sesquixodies in

interlayer positions and as coatingson soil particles are the chief

sources of the pH-dependent charge and consequent pH-dependent

137Cs sorption (McHenry, 1954; Nishita et al., 1956; Prout, 1959;

Benson, 1960; Evans and Dekker, 1966; Elprince, 1978). Exceptions

to the usual pH-sorption relationship have been observed. Nishita

et 2.4. (1956), for example, found extractability of
137 Cs to decrease

sharply below pH 3.5. And Squire and Middleton (1 963) found in
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long-term experiments a greater downward movement of 137Cs in

calcareous loam soil than in either neutral sand or acid clay.

The effect of organic matter on the adsorption of 137 Cs by

clay minerals is complex and poorly understood. Organic matter

itself has ion exchange capacity and therefore can retain 137 Cs, at

least temporarily, against fixation by clays. Organic materials

may act in some way to increase the total amount of 137Cs sorbed

on clays, but also may increase the extractability of 137 Cs from

these clays. By and large, moderate amounts of organic matter,

such as normally might be found in agricultural soils, are less

influential in 137 Cs sorption/desorption than the amount and type

of clay present (Ellis and Mercer, 1965; Shone, 1965; Squire and

Mitchell, 1965; Nishita and. Essington, 1967; Cline and Rickard,

1972; Tahir and Stewart, 1975.

137 Cs in Erosion and Sediment Studies

Reservoir-Watershed Studies

Radioisotopes have been used as tracers in several disciplines

(Wang et al., 1975). In erosion research, the artificial "tagging"

of sand, silt, and clay-size particles with 137 Cs or other radio-

nuclides has allowed the tracing of these particles through the ero-

sion and deposition process (McHenry and McDowell, 1962;
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Lieberman, 1962; McHenry, 1968; Dahlman et al., 1969). Appli-

cation of a tagging material such as 137 Cs in solution directly to

field plots also has been employed in erosion studies (Graham,

1963; Rogowski and Tamura, 1965, 1970a, b).

The tendency for many soils and sediments to be tagged

naturally by adsorption of radionuclides from reactor contamina-

tion or fallout has been seen as a potential vehicle by which erosion/

sedimentation in the natural environment could be studied (Menzel,

1960; Frere and Roberts, 1963; Lomenick and Tamura, 1965;

Ritchie et al. , 1970b; Johnson, 1979). Thus scientists have used

fallout radiocesium as one of many potential indicators of sedimenta-

tion rates in lakes, reservoirs, wetlands, and floodplains

(Krishnaswamy et al., 1971; Ritchie et al., 1975; Pennington

et al., 1976; De Laune et al. ,:1978).

Through examination of 137Cs depth distributions in post-

World War II sediment profiles of known thickness, stratification,

and chronology, it has been shown that peak concentrations of
137 Cs within a sediment profile sometimes coincide with peak

years of 137Cs input from fallout. The thickness of sediment re-

siding over such a layer has accumulated, therefore, since the

corresponding peak fallout year (McHenry et al., 1973; Pennington,

1973; Pennington et al., 1973; Ritchie et al., 1973, 1975; Ritchie

and McHenry, 1975). Ritchie et al. (1979) have extended this
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reasoning to the estimation of sedimentation rates in oxbow lakes

having no sediment surveys. They estimated that, at present rates

of erosion in the watershed and consequent sedimentation in the

lakes, the > 7000 year-old lakes will be filled with sediment in 100

to 200 years.

Peak 137 Cs concentrations in sediment profiles do not coin-

cide always, however, with layers representing peak fallout years.

As McHenry et al. (1973) found in Arizona, major storms on

one watershed had yielded sediments low in clay content.

Since 137 Cs is associated mainly with the colloid fraction, sedi-

ment deposited in these years would have a minimum of 137 Cs con-

tent, even, as in 1963-64, in peak years of fallout input. Frere and

Roberts (1963) noted moreover that periods of high fallout rate may

not coincide with periods of high soil loss, and management prac-

tices may affect soil loss and surface concentration of radionuclides

in different ways.

Extrapolation from an understanding, where feasible, of sedi-

mentation rates in depositional areas to an understanding of erosion

rates and processes on contributing watersheds is difficult. Ritchie

et al. (1970b, 1972b) emphasized the importance of knowing particle

size distribution (texture) of soil and sediment. Coarse-textured

materials, for example, lacking clay and organic matter to retain
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Thus a concentration of 137Cs

per unit area of reservoir relative to that of the watershed may be

due not only to sediment movement but to a concentration of finer

particles in the reservoir through the sorting processes of entrain-

ment and transport. To complicate interpretations further, sedi-

ments derived from gully erosion are likely to have lower 137Cs

concentrations than sediments derived from shallower, "sheet"

erosion, because the former process involves deeper cutting and

entrainment of deeper, 137Cs-poor materials.

Ritchie, McHenry, and colleagues have done more by far

than any other group of scientists to study and interpret the differ-

ences between 137 Cs levels in sediments and in associated, eroded

land. areas. Usually they have dealt with lakes or reservoirs and

contributing watersheds. For example, in a study of soils and

sediments in 13 Texas watersheds (Ritchie and McHenry, 1976),

soils were sampled in each major land use type on each watershed,

and sediments were sampled in reservoirs at the. outlets of the

watersheds. Variations in 137Cs content in soils and in sediments

were related by stepwise multiple regression to a variety of soil

and climatic parameters on the watersheds. Radiocesium concen-

tration in sediment was correlated (R4.0. 96) with watershed soil

clay, soil cation exchange capacity, winter rainfall, the rainfall
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erodibility factor, and annual rainfall. Concentration of 137 Cs in

watershed soils was correlated (R =0. 95) with seasonal rainfall levels

(Jul. -Sept., Oct. -Dec., and Jan. -Mar. ), fallout levels of 90Sr, and

soil cation exchange capacity. These watershed variables were re-

lated either to the behavior of the erosion cycle within a watershed

or to the input and behavior of 137 Cs in the soil or sediment.

Similar studies across the U. S. (McHenry et al., 1973;

McHenry and Ritchie, 1977b; Ritchie and McHenry, 1977, 1978)

showed likewise that variations in soil and sediment 137 Cs concen-

tration could be predicted based on several climatic and watershed

variables. Factors influencing 137Cs levels included (i) the erosion

potential of the watershed (e. g., seasonal precipitation, precipita-

tion to temperature ratio, R factor), (ii) sites for adsorption of
137 Cs (e.g., soil, sand, silt, or clay content, cation exchange ca-

pacity, soil nitrogen, phosphorous, or organic matter content), and

(iii) input of radioactivity into the watershed (e. g. "Sr input,

watershed area, lake area, or soil 137Cs content).

Thus 137Cs and the sediment to which it is attached have

behaved predictably relative to a wide variety of watershed and

climatic parameters. Such findings increased the understanding of

137 Cs redistribution, but revealed little about actual erosion rates

and processes on the watersheds in question.
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Another approach to the examination of 137 Cs distribution

has been the development of 137 Cs "budgets." Ritchie et al. (1974a)

used such an approach in examining 137Cs distribution in three small

watersheds in Mississippi. One watershed was predominantly for-

ested, the second was chiefly in grass, and the third was in grass

and crops. Of the total fallout input of 137Cs, 97%, 88%, and 85%,

respectively, remained in the three watersheds. Of the 137 Cs

removed from the three watersheds, presumably by erosion, 57%,

38%, and 25%, respectively, were found in reservoir sediments at the

watershed outlets. These percentages were in accord with relative

sediment trap efficiencies estimated for these reservoirs. Concen-

trations of 137Cs per unit area in reservoir sediments from the for-

est, grass, and grass-crop watersheds were 2.8, 3.8, and 4. 0 times

those of respective watershed soils. Calculated loss of 137Cs per unit

land area was greatest from eroded sites (gullies, etc. ) and least

from forest lands. Most of the calculated input of 137Cs could be

accounted for within these watersheds. Comparison of 137Cs distri-

bution data from USDA sediment surveys showed similarity between

sediment deposited and 137Cs entrapped in the three reservoirs,

supporting the premise that a relationship existed between 137 Cs

movement and sediment movement from a watershed.

McHenry and Ritchie (1975) reported further on 137 Cs budgets
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in the same three southeastern watersheds plus eleven others.

They made a graphical presentation of a complete 137 Cs budget

for the 55 ha Murphy watershed (the mainly "grass" watershed of

Ritchie et al. 1974a). Each land type on the watershed (grass,

forest, cultivated, eroded) was assigned an input of fallout 137 Cs

proportional to the areal extent of that land type. Based on this

input and the total amount of 137 Cs actually present in each land

type, a net loss of 137Cs was computed, by subtraction, for each

of the four land types. These net losses from each land type were

presumed to have entered the reservoir, for which a similar com-

putation of net loss/accumulation was made, revealing a small net

loss of 137Cs through the reservoir.

As powerful as the "budget" approach was in accounting for

fallout 137Cs on the watersheds, the measures taken by these re-

searchers again revealed little of erosion rates and processes. A

particularly noteworthy omission was an attempt at quantifying

137 Cs or sediment accumulation in temporary storage positions,

such as footslopes, fencerows, and alluvial fans, on the watersheds

themselves, upstream from the reservoirs. All entrained 137 Cs

and sediment was presumed to have travelled to the reservoir. If

the authors indeed did sample depositional sites and included them

in their respective land types, they failed to show how they areally
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apportioned the results, or to mention or elaborate on the phenome-

non in any way. Nor was any information given on sediment delivery

ratios [i. e., (net sediment delivered from a watershed)/(total gross

erosion on the watershed)] (Roehl, 1962; Spraberry and Bowie,

1969). Furthermore, no effort was made to quantify 137 Cs levels in

biomass, which, by McHenry and Ritchie's own admission, could

have had an impact on their results, especially in comparing lands

that had experienced crop removal with lands that had not.

Correlations Between 137Cs Loss and Soil Loss

Numerous reports have made qualitative observation or men-

tion of the relationship between soil erosion/deposition and 137Cs or

90Sr redistribution (Frere and. Roberts, 1963; Ritchie et al., 1972a,

1974a; Ritchie and McHenry, 1973b; McHenry and Ritchie, 1975;

Hay and Ragsdale, 1978; Silant'yev et al., 1978). However, no

true quantification of erosion rates on watersheds or within fields

based on 137Cs distribution was provided in these reports.

Through the period of interest in radionuclide distribution

patterns, only a few researchers have attempted with any success

to relate soil loss quantitatively with radionuclide levels and

losses. Menzel (1960) studied loss of fallout 90Sr as it related

to soil loss from long (20-25 m), cropped erosion plots in Wisconsin



30

and Georgia. Graham (1963) studied loss of applied 85Sr

and soil from 27 m-long plots in fallow, stubble, and corn stover

in Missouri. Rogowski and Tamura (1965, 1970a, b) studied the

movement of applied
137Cs and soil on 2.3 x 2.3 m bare, poor

meadow, and good meadow plots, finding a logarithmic relationship

between
137Cs loss and soil. loss. Ritchie et al (1974b) related

calculated 137 Cs losses to soil losses (estimated with standard

equations for sheet and gully erosion) on several different land types.

Finding a logarithmic relationship relating estimated erosion and

137Cs loss in their own data, Ritchie et al. (1974b) then incorpo-

rated the data of Menzel, Graham, and Rogowski and Tamura with

their own to form another logarithmic relationship (r =0. 95):

Y = 1.6X0.68

where Y is computed radionuclide loss (% of radionuclide input)

and X is measured or estimated soil loss (MT/ha). A similar rela-

tionship, derived from the same data but with soil loss as the re-

sponse variable, was reported by Ritchie and McHenry (1975):

X = 0.87Y
1.18

where.X again is gross soil erosion (MT/ha) and Y is radionuclide

loss (% of input).
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This logarithmic relationship was derived from diverse data

developed using different size land areas, different radionuclides,

different radionuclide application rates, different soils, and differ-

ent measures of soil loss. Ritchie et al. took this diversity of data

sources as evidence of the apparent universality of the relation-

ship between radionuclide loss and soil loss. They speculated that

estimation of soil loss based on 137 Cs depletion may be possible

with appropriate regional adjustment and application of the equation.

They speculated further that the logarithmic relationship may hold

for agricultural chemicals adsorbed on soil particles.

Within-Field Studies at White Clay Lake Watershed

Recent investigations of 137Cs distribution and agricultural

erosion on White Clay Lake Watershed, Wisconsin (McHenry and.

Ritchie, 1977a; McHenry et al., 1978) have signalled the beginning

of a new phase in the study of agricultural erosion using 137 Cs.

This 1100 ha watershed, devoted to intensive dairy produc-

tion, comprises a rolling landscape with slopes ranging from nearly

level to 12%. Soils were sampled at six sites in each of two fields

of corn and two of alfalfa to test the influence of cover and topog-

raphy on soil 137 Cs content. Supplemental sampling was done along

transects in one corn and one alfalfa field to test the effects of
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elevation and type of site (erosional vs. depositional) on 137 Cs

signature. To obtain an estimate of input of fallout 137Cs, eight

sites were sampled under mixed oak-maple cover adjacent to the

sampled farmland.

Differences in 137Cs levels between the corn and alfalfa fields

were not due to cover but to topography. Erosion had been greater

in the alfalfa fields due to their having steeper slopes than the corn

fields.

The authors theorized that at non-eroded, non-depositional sites

in the plowed fields most or all of the 137Cs in the soil profile should

have been within the plow layer. Where the depth of accumulated
137 Cs in the profile was greater than this, then 137Cs-bearing soil

must have been deposited at the surface. Where the amount of
137 Cs found to the plow depth was less than that of the original de-

posit, some loss by erosion probably had occurred. If both condi-

tions obtained, i, e. an overthickened 137 Cs profile plus a depletion

of
137 Cs within the plow layer, then probably both erosion and

deposition had occurred.

Regression equations for 137Cs content as a function of

field elevation were not significant for any transect, which

was not surprising since transects included both eroded and depo-

sitional areas,. Although a soil scientist probably could have
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identified and distinguished erosional and depositional areas without

the benefit of
137Cs signatures, McHenry and Ritchie pointed out

that there probably would have been no way to assess rates of soil

loss based on field observation alone. The
137 Cs technique that

these workers used provided a means for assessing rates, assum-

ing that the soil loss at a given site was proportional to the mea-

sured loss of 137 Cs as compared with fallout input. Calculated soil

losses from sampled profiles ranged up to 18 cm, or nearly 1 cm/

yr over 20 years of fallout input. Largest calculated soil losses

were on steeper slopes, lending credence to the assumptions used

in making the calculations. Unfortunately, the 137 Cs results for

the transects were not tabulated fully, and even for those that were

tabulated, it is difficult for the reader to determine exactly how the

calculations were made.

These investigators were continuing their work with a view to

developing a balance of within-field soil erosion/deposition as well

as downstream sediment yield. Insofar as the White Clay Lake

Watershed study involved investigation of within-field phenomena,

it was similar to the Elkins Road
137Cs study that is the subject of

this thesis.
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DESCRIPTION OF STUDY AREA

Elkins Road Watershed comprises the 285 ha drainage basin

of a southwest-flowing intermittent stream that passes, at the

watershed outlet, beneath Elkins Road about 2. 2 km west of the

intersection of Elkins Road and old route 99W in southeastern Polk

County (Fig. 1). Total relief in the watershed is about 80 m, with

slopes ranging from nearly level to about 20%. The land is devoted

almost entirely to production of grass seed, small grains, hay, pas-

ture, and orchard crops, with minor areas of forest (Glasmann,

1979; Glasmann and Kling, 1980; Glasmann et al 1980).

Principal soils on the watershed are the moderately deep

Willakenzie series (Ultic Haploxeralfs, fine-silty, mixed, mesic),

both fine-textured and deep variants of Willakenzie soils, a moder-

ately deep variant of the Helmick series (Aquic Xerochrepts, very-

fine, mixed, mesic), the deep Woodburn series (Aquultic

Argixerolls, fine-silty, mixed, mesic), the deep Waldo series

(Fluventic Haplaquolls, fine, mixed, mesic), and a gently sloping

variant of Waldo soils (Glasmann et al. 1980).

Willakenzie and Helmick soils are found above the 80 m ele-

vation beneath the mid and late Pleistocene Dolph and. Brateng

geomorphic surfaces. Woodburn soils are found beneath the late

Pleistocene Bethel geomorphic surface below the 80 m elevation.
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Elkins Road
Watershed

Oregon

100 km
I

Figure 1. Location map and contour map of Elkins Road Watershed, Oregon. Elevations are in
meters. Dashed line is watershed boundary.



36

Waldo soils have developed in Holocene alluvium beneath the

Luckiamute geomorphic surface (Glasmann et al., 1980).

Clay minerals in these soils include kaolinite, smectite,

mica, vermiculite, and chloritic intergrades. Clay mineral suites

are similar across strata, soil horizons, and elevations at Elkins

Road. Watershed. Relative proportions of clay mineral types

change somewhat, however. Mica, for example, is fairly promi-

nent in middle to lower elevations, but less so in alluvial areas and

in higher elevations of the watershed (Glasmann, 1979; Glasmann

and Kling, 1980). Mica and vermiculite have been shown in the

literature to play an important part in 137 Cs retention in soils

(Benson, 1960; Schulz et al. , 1960; Morton, 1961; Tamura, 1964;

Lomenick and Tamura, 1965; Sawhney, 1965; Nishita et al., 1968;

Syers et al., 1972; Komarnini, 1978). Both these clay minerals

are present to some degree in virtually all soils at Elkins Road

Watershed (Glasmann, 1979; Glasmann and Kling, 1980).

The Elkins Road study site normally has cool, moist winters

and warm, dry summers. Average January and July temperatures

are about 3C and 18C, respectively. Normal annual rainfall is

approximately 1200 mm, about 1030 mm of which falls from

October 1 to March 31, predominantly as rain (Johnsgard, 1963).
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MATERIALS AND METHODS

Sampling Scheme

The sampling scheme was devised in light of both the overall

limit of about 125 samples that could be analyzed for 137Cs activity

and the objectives of the investigation, which were (i) to identify those

segments of the Elkins Road landscape that had been most severely

eroded over the period of fallout input, (ii) to identify those segments

of the landscape that had been sites of sediment deposition over the

same period, and (iii) to quantify, insofar as possible, erosion rates

under modern agricultural practice at Elkins Road Watershed.

Samples were collected at 28 sites, designated CS1-CS20 and

CS24-CS31, in late summer and early fall of 1978, and at 4 more

sites, designated CS32-CS35, in late summer and early fall of 1979

(Fig. 2,3, Table 1).

Twenty-five of these 35 sites were located along 8 transects

chosen to represent the range of elevations, slope aspects, and soils

within the watershed (Fig. 3). Each transect was oriented up-and-

down slope, normal or nearly normal to the contour. Along each

transect, one site was selected to represent the most level, most

stable, most non-erodible position that could be found on top of a

ridge or ridge spur. Another site was chosen as representing the

most erodible site along each transect, by virtue of its meeting the
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Table 1. Site characteristics and dates of sampling for Cs activity in soils at Elkins Road Watershed, Oregon.

Site
Designation

Type
Landscape

Position
Slope Land Shape Elevation

(ml
Land Use at

Time of Sampling

Number of Cores
Collected and

Lumped+
Date of

Sampling% lAspect) Radial Contour

1-1
C
a,
rl
ca

ft

J.,
(.)

Ei
41

ca

Ht:

+.,
u
a,

FI-1

4-,0
ai

4d
ft

CS1

CS2

C S3

CS4

CS5

CS6

CS7

CS8

CS9

CSIO

CS11

CS 12

CS13

CS14

CS15

Footslope

Sideslope

Ridgetop

Footslope

Sideslope

Ridgetop

Alluvial Fan

Footslope

Sideslope

Ridgetop

Ridgetop

Footslope

Sideslope

Ridge
Shoulder

Ridgetop

6

11

1.5

7

11

2

O. 5

5 .5

15. 5

3. 5

2

6. 5

13

10

5

NW

NW

WSW

SSE

SSE

E

SW

NW

NW

SW

SSW

NE

NE

NE

E

Concave

Smooth

Smooth

Concave

Convex

Convex

Smooth

Concave

Smooth

Smooth

Convex

Concave

Smooth

Convex

Convex

Convex

Convex

Convex

Concave

Convex

Convex

Convex

Concave

Irregular

Convex

Convex

Smooth

Concave

Irregular

Convex

89

91

95

90

92

97

84

83

87

95

155

99

102

107

110

Ann. Ryegrass Stubble

Hay Stubble and Pasture

Annual Ryegrass Stubble

2

I

II

I,

11

II

11

8-78

II

1/

it

ii

II

it



Table 1. (Continued)

Site
Designation

Type
Landscape
Position

Slope Land Shape* Elevation
(m)

Land Use at
Time of Sampling

Number of Cores
Collected and

Lumped 4
Date of
Sampling% (Aspect) Radial Contour

CS16 Footslope 8 WSW Concave Concave 103 Per. Grass, New Seeding 2 8-78
4)

Cd
CS17 Sideslope 15 WSW Concave Concave 105

CS18 Ridgetop 6 S Convex Convex 110

CS19 Alluvial Fan 2 NW Convex Convex 75 Weeds

CS20 Floodplain 2 NW Irregular Irregular 68 Per. Grass

CS24 Pond, Above (Not Determined) Concave Concave 84 Wetland Vegetation
Low Water Line

CS2S Footslope 4 NE Concave Smooth 72 Per. Grass II 10-78
C.)

2 CS26 Sideslope 8 NE Smooth Smooth 73 I I

CS27 Ridgetop 2 NNW Concave Convex 75

CS28 Floodplain 2 N (Concave Overflow Channel) 70 I I

CS29 Footslope 6 W Concave Concave 88 Wheat Stubble I II

4, CS30 Sideslope 17.5 W Smooth Smooth 89

CS31 Ridgetop 3.5 SSW Irregular Irregular 95



Table 1. (Continued)

Type Number of Cores
Site Landscape Slope Land Shape # Elevation Land Use at Collected and Date of

Designation Position % (Aspect) Radial Contour (m) Time of Sampling Lumped+ Sampling

CS32 Foots lope 3 NNW Concave Concave 90 Wheat Stubble 3 8-79

CS33 Sides lope 9 NNW Smooth Concave 92

(1.4 CS34 Ridgetop 1 W Convex Convex 96 I ft

CS35 Pond, Below (NA) (NA) (Concave Pond Bottom) 81 Pond 9 10-79
Low Water Line

Land shape terminology after Troek(1964).
+All

cores except those at site CS35 collected with a hydraulic probe having a 7. 6-cm coring tube. Cores collected at site CS35 with a hand-
held corer having a 5. 1-cm coring tube.
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following two criteria: (i) having the steepest slope to be found

along the transect, and (ii) having a long "s lope length, " or runoff-

contributing area upslope from itself. A third sampling site was

selected along each transect in a concave footslope, or seemingly

depositional position downslope from the erodible site. A fourth

sample, in a convex shoulder position (CS14) was taken along only

one of the transects.

In addition to samples along transects, samples were taken

at seven other sites, located in a farm pond (CS24, CS35), on two

different alluvial fans butting against fencerows (CS7, CS19), the

main floodplain of Elkins Road Watershed (CS20, CS28), and a

high ridgetop position just outside the watershed (CS11) (Fig. 2).

Sampling Technique

At all sites except CS35, samples were collected using a

Giddings hydraulic probe. The probe was used to collect two (or,

in the case of sites CS32, CS33, and CS34, three) cores at each

sampling site. Each 7. 6- cm- diameter core was slid carefully from

the coring tube and placed in one side of a 1.5-m length of 7. 6 -cm

PVC pipe that had been cut in half lengthwise. If the core



43
CS6

0 100 m

CS3

0

CS 10
100 m

CS18
CS17

CS16

loo
0 50 100 m

95

-4 85
0

0 100

CS27
80

I CS2/CS25

70
0 100 m

C534
CS 33

CS32

CS30
CS29 I

0 100 m

100 m

100

g

0 -$).

-110

100 r;

200 m

- 100

- 90
11

Figure 3. Cross - sections of eight transects along which soil samples were taken for 137
Cs activity,

Elkins Road Watershed, Oregon.
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was shorter than the pipe, the extra space at either end was filled

with styrofoam packing material. The two halves of the pipe were

then taped tightly together to ensure that the enclosed core would

not shift or break in transit.

Sampling at site CS35 was done in a different manner due to

the fact that this site was under several dm of water, in the lowest

part of a farm pond, at the time of sampling (October, 1979, just

before the first autumn rains). Nine samples were taken at this

site by wading to the center of the pool and driving a 5. 1-cm- diame-

ter pipe into the pond bottom with the aid of a piston dropped re-

peatedly on the handle of the sampler. The sampler (courtesy of

P. C. Klingeman, Department of Civil Engineering, OSU) was

equipped at the top of the 5.1-cm pipe with a valve allowing water

and air to escape as the pipe entered the pond bottom, but ensuring

no entry of water or air above the core as the pipe was pulled out.

Each of the nine samples thus collected at site CS35 was split in

the field into two segments: (i) "loose, " non-compact materials,

apparently consisting of foreign sediment on the pond bottom, and

(ii) compact, apparently in situ, undisturbed C or Cr horizon ma-

terials beneath the foreign sediments. An abrupt boundary sepa-

rated the two layers. It was estimated that the upper, soft material

was, on the average, about 15 cm thick. The thickness collected of
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the more compact lower materials was estimated at about 10 cm.

These thickness estimates are tenuous as to their accuracy, and

there may have been slight but significant contamination between

layers as the sampler entered the pond bottom and again as the

samples were extruded from the pipe Upper and lower segments

of each core were placed in separate plastic freezer tubs for

transit.

Handling of Samples

All cores except CS24 and CS32-35 were cut into 15 and 10

cm increments with the following upper and lower boundaries (depth

from the soil surface): 0-15 cm, 15-30 cm, 30-40 cm, 40-50 cm,

50-60 cm, 60-70 cm, etc. The reason for cutting the surface

horizon into relatively thick (15 cm) increments was the expecta-

tion that distribution of 137Cs would be quite uniform in the plow

layer, which had been observed to be upwards of 25 cm thick in

earlier soil profile description work on the watershed. In light of

the limit on number of samples that could be run, it was decided

that the number of samples taken within the plow layer should be

minimized, thus maximizing the number of sites that could be

sampled and studied. To obtain a closer look at depth distribution

of
137 Cs within the plow layer, however, samples from one transect
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(CS32, CS33, CS34) were cut into narrower increments (0 -7. 5 cm,

7. 5-15 cm, 15 -22.5 cm, 22. 5-30 cm, 30-40 cm, etc. ).

Sample CS24, in the upper part of the farm pond, was cut into

increments of 0 -10 cm, 10 -20 cm, 20-30 cm, 30-40 cm, 40-50 cm,

etc., on the assumption that the site, by virtue of its being in a pond,

had not experienced plowing. Subsequent conversation with the man

who built the pond1 and examination of post - World. War II air photos

revealed, however, that (i) the pond was built in about 1971, (ii) the

upper part (site CS24) of the pond indeed had been plowed, to a

maximum depth of about 18 cm, prior to pond construction, and

(iii) the CS24 area was not stripped or disturbed during pond con-

struction.

The lower part of the pond (CS35) was the borrow area for

the pond's earthen dike. Therefore most 137 Cs or 137 Cs-containing

soil materials at CS35 must have entered the pone since its con-

struction in about 1971. The cores from site CS35 were cut into,

roughly, 0-15 cm and 15-25 cm increments, since this was the

most accurate cutting scheme possible at this site under the

sampling circumstances previously described.

E. E. Smith, Amity-Hopewell Road, Amity, Oregon, per-
sonal communication, February, 1980.
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Duplicate (or, for sites CS32, CS33, and CS34, triplicate)

cores from Giddings probe sampling were removed carefully from

carrying tubes in the laboratory and laid side by side on a paper-

covered, clean bench. Cores were cut into depth increments using

a sharp knife or hacksaw. Each core increment was scraped along

its side with a knife to remove foreign materials and to minimize

contamination from underlying or overlying increments.

Corresponding depth increments from duplicate (or triplicate)

cores were placed together on a large, clean piece of paper. The

core increments thus lumped were gently broken up by hand and

knife, while several clods, representing as far as possible the range

of densities to be found in that depth increment, were placed in a

plastic bag and set aside for bulk density analysis. The remaining

material on the paper then was crushed with a paper-covered, clean

rolling pin and mixed by alternately lifting opposite corners of the

paper and by mixing with a clean spatula. Coarse fragments (> 2 mm),

found only occasionally in these samples, were removed by hand.

At this point two or three small subsamples were taken from

the sample, immediately weighed in tared aluminum pans, and set

aside for moisture content determination. The mixed sample then

was loaded quickly into a tared, 500 ml, black plastic Marinelli
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beaker, covered with a plastic cap, weighed, and sealed with elec-

trical tape.

For each of the two depth increments from site CS35, all nine

replicates were placed together on a piece of paper, air dried,

crushed, mixed, sampled for moisture content, and loaded into

Marinelli beakers as above. Bulk density clods were not taken for

site CS35 because of the disturbance that had taken place in samp-

ling under water with a piston-driven pipe and in handling wet

samples.

Laboratory Analysis

137Cs Activity

Samples were analyzed for 137 Cs activity at Oak Ridge National

Laboratory. Gamma emissions from each of 121 samples were

analyzed with a Canberra lithium-drifted germanium (Ge(Li)) gamma

ray detector coupled to a Nuclear Data 6620 multi-channel analyzer

system. Data were reduced using standard Nuclear Data software

modified by Cutshall and Larsen (1980). Levels of 137 Cs activity

were reported in picocuries per gram of sample (pCi/g) along with

the associated percent error, or standard deviation (Table 2).
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Samples normally were analyzed on the Ge(Li) detector for

6, 000 sec (100 min). If the error term for an individual sample

exceeded about 15%, however, emissions from that sample were

recounted. for up to 60, 000 sec to reduce the error term to an

acceptable level.

Moisture Content

Moisture content of the sample in a Marinelli beaker was

determined by leaving the aluminum pans (previously tared, loaded

and weighed at the time of beaker-loading) in a 105 C oven for about

48 hr, cooling them in a dessicator, and weighing them again. Re-

sults were reported in g of moist soil (i. e., soil in the beaker)

per g of oven-dried soil (Table 2).

Bulk Density

Bulk density was determined by the paraffin-coated-clod

method (Blake, 1965). From two to four determinations were made

on each core increment--as many determinations as necessary to

reduce the coefficient of variation among replicates to about 1 0%.

Bulk densities for the two increments from site CS35 were estimated

by dividing the total weight of each increment by its estimated vol-

ume in situ. Results of bulk density analysis were reported in g of

oven-dried soil per cm3 of air-dried soil.



Table 2. Cesium-137 activities per unit weight and per unit area for cores and depth increments at Elkins Road Watershed, Oregon.

Depth Sample
(cm) Designation

Duration
of Count
(min)

Raw
137

Cs

Activity on
Wt. Basis

(pCi/g
sample)

Counting
Error

(% )

Bulk
Density

o . d.

Moisture
Correction

Factor

sample
/go.d.)

Vertical
Thickness

of
Increment

(cm)

137
Cs

Activity
on Oven

Dry Basis
(pCi/go.

d.
)

137
Cs

ActiviActivity
on Area

Basis #
(pCi/cm2)

Site CS1 ( Footslope)
100 0. 35 4. 5 1.27 1.08 15 0. 38 7. 20-15 ELK-17

15-30 ELK-24 100 0.25 6.8 1. 32 1. 10 15 0. 28 5. 4
30-40 ELK-25 280 0.05 12. 7 1. 50 1. 11 10 0.06 0. 8

+ E = 13.440-50 El K-92 200 nd 1.46

Site CS2 (Sideslope))
151 0.22 6. 3 1.33 1. 12 15 0. 25 4. 90-15 ELK-22

15-30 ELK-26 200 0. 10 7. 7 1. 35 1. 13 15 0. 11 2. 3
30-40 ELK-20 200 nd 1.44 r = 7.2

Site CS3 (Ridgetop)
1, 000 0. 32 2. 2 1.45 1. 10 15 0. 35 7. 70-15 ELK-5

15-30 ELK-15 200 0.11 6. 8 1.43 1.11 15 . 0. 12 2. 6

30-40 ELK-7 200 nd 1.53 E = 10. 3
40-50 ELK-1 1, 000 nd 1.47

Site CS4 (Footslope)
100 0.43 4.8 1.26 1.11 15 0.48 9.00-15 ELK-68

15-30 ELK-84 100 0.14 10.8 1.44 1.09 15 0.15 3.3
30-40 ELK-69 940 0.01 31.8 1.51 1.11 10 0.01 0.2
40-50 ELK-91 100 nd 1.43 E = 12.5

Site CS5( Sideslope )
0-15 ELK-65 100 0.24 7.3 1.50 1.09 15 0.26 5.9

15-30 ELK-85 100 0.16 9.1 1.41 1.10 15 0.18 3.7
30-40 ELK-73 100 nd 1.42 I; = 9.6



Table 2. (Continued)

137
Vertical

137
Cs

137Cs

Thickness ActivityRaw Cs Moisture Activity
Duration Activity on Bulk of on OvenCounting Correction on Area

Depth Sample of Count Wt. Basis Error Density Factor Increment Dry Basis
(cm) Designation (min) (pCi/g

sample)
(%) (go. d./cm3) (g

sampleigo.d.
) (cm) (pCi/go.

d.
(pC)

Basis #
(pCi /cm 2)

Site CS6 (Ridgetop)
0-15 ELK-72 100 0.26 6.4 1.29 1.10 15 0.29 5.5

15-30 ELK-68 100 0.04 15.6 1.25 1.11 15 0.04 0.8
30-40 ELK-67 100 nd 1.51 E = 6.3

Site CS7 (Alluvial Fan)
100 0.30 5.8 1.13 1.24 15 0.37 6.30-15 ELK-51

15-30 ELK-61 100 0.27 7.0 1.19 1.31 15 0.35 6.3
30-40 ELK-49 100 0.10 13.1 1.20 1.27 10 0.13 1.5
40-50 ELK-94 900 0.01 18.5 1.43 1.22 10 0.01 0.2
50-60 ELK-89 100 nd 1.46 E = 14.3

Site CS8 (Foots lope.)
100 0.31 5.5 1.40 1.08 15 0.33 7.00-15 ELK-76

15-30 ELK -78 100 0.28 7.1 1.28 1.09 15 0.31 5.9
30-40 ELK-80 920 0.01 22.1 1.40 1.10 10 0.01 0.2
40-50 ELK-97 100 nd 1.38 Z = 13.1

Site CS9 (Sides lope)
100 0.19 8.6 1.51 1.08 15 0.21 4.60-15 ELK-79

15-30 ELK-82 100 0.10 14,5 1.42 1.10 15 0.11 2.3
30-40 ELK-70 nd 1.52 Zi = 6.9



Table 2. (Continued)

Duration
Depth Sample of Count
(cm) Designation (min)

Site CS10 (Ridgetop)

Raw
137

Cs

Activity on Counting Bulk
Wt. Basis Error Density

(PCi/gsamole) (%)
(g

o-d. /cm 3)

Moisture
Correction

Factor

(gsamnl ei (1.11
)

Vertical
137

Cs
Thickness Activity

of on Oven
Increment Dry Basis

(cm) (pCi/gcL )

137Cs

Activity
on Area

Basis

(pCi/cm2)

0-15 ELK-66 100 0. 30 5. 3 1. 38 1. 11 15 0. 33 6. 9

15-30 ELK-75 200 0. 07 13.0 1. 39 1. 12 15 0.08 1.6

30-40 ELK-64 100 nd 1.53 E = 8.5

Site CS11 (ltidgetop)
0-15 Elk-36 100 0.26 6.4 1. 39 1.11 15 0.29 6, 0

15-30 Elk-42 100 0. 17 8. 1 1.55 1.09 15 0. 19 4. 3

30-40 ELK-32 100 nd 1.57 Z ma 10. 3

Site CS12 iFootslope,)
100 0.21 8. 4 1. 46 1.26 15 0.26 5. 80-15 ELK-35

15-30 ELK-48 100 0. 18 8. 2 1. 50 1. 22 15 0. 22 4. 9

30-40 ELK-39 200 0.05 16.0 1.45 1.23 10 0.06 0. 9

40-50 ELK-93 905 0.00 49. 3 1.53 1. 18 10 0.01 0. 1

50-60 ELK-121 355 nd 1.52 E = 11. 7

Site CS13 (Sides lope)
100 0. 19 9. 5 1. 39 1. 18 15 0.22 4. 70-15 ELK-40

15-30 ELK-47 100 O. 16 8. 5 1. 43 1, 15 15 0. 18 3. 9

30-40 ELK-31 100 nd 1.34 E = 8. 6

Site CS14 (Ridge Shoulder)
0-15 ELK-27 100 0.22 7. 1 1.45 1. 18 15 0. 26 5.6

15 -30 ELK-19 200 0.11 8.7 1. 38 1. 17 15 0. 13 2. 7

30-40 ELK-9 200 nd I. 38 Z = 8.3



Table 2. (Continued)

Depth Sample
(cm) Designation

Duration
of Count

(min)

137
Raw Cs

Activity on
Wt. Basis

(pCi/g
sample)

Counting
Error
(%)

Bulk

Density

od.

Vertical
Moisture Thickness

Correction of
Factor Increment

m plego. d)

137
Cs

Activity
on Oven
Dry Basis

(pCi/ go.s )

137
Cs

Activity
on Area

Ba sis°
(pCi/ cm2

)

Site CS15 (Ridgetop)
100 0.25 6.9 1.39 1. 13 15 0. 28 5.90-15 ELK-43

15-30 ELK-46 100 0. 14 10.8 1.43 1. 11 15 0. 15 3. 3
30-40 ELK-45 100 nd 1.48 E = 9.2

Site CS16 (Footslope.)
0-15 ELK-12 100 0.20 8.0 1.49 1. 12 15 0. 22 5.0

15-30 ELK-6 140 0. 11 10.0 1.49 1. 14 15 0. 13 2.8
30-40 ELK-21 200 nd 1.46 E = 7. 8

Site CS17 (Sideslope )
I, 000 0.27 2. 6 1. 55 1.14 15 O. 31 7.20-15 ELK-2

15-30 ELK- 14 930 0.08 6. 3 1. 54 1.16 15 0.09 2.1
30-40 ELK-13 100 nd 1.39 Z = 9.370-80 ELK-4 1, 000 nd 1.45

Site CS18 (Ridgetop)
0-15 ELK-11 100 0.25 5. 3 1.54 1. 12 15 0.28 6. 5

15-30 ELK-23 200 0.08 10.4 1.56 1.13 15 0.09 2.1
30-40 ELK-29 105 nd 1.50 E = 8.6

Site CS19 (Alluvial Fan
1,000 0.35 2.0 1.28 1. 18 15 0.41 7. 90-15 ELK-3

15-30 ELK-16 100 0.23 8.3 1.23 1.13 15 0.26 4.830-40 ELK-30 100 0. 15 12.2 1.31 1. 12 10 0. 17 2.2
40-50 ELK-88 930 0.02 14.7 1.40 1.11 10 0.02 0. 3
50-60 ELK-96 82 nd 1.44 E = 15.2



Table 2. (Continued)

Depth Sample
(cm) Designation

Raw
137Cs

Duration Activity on
of Count Wt. Basis

)(min) (PCi/g
sample)

Counting
Error

( % )

Bulk
Density

(goal.
/cm )

Moisture
Correction

Factor
(g

sample
/go.d. )

Vertical
Thickness

of
Increment

(cm)

137
Cs

Activity
on Oven

Dry Basis
(pCi/go )

Site CS20 (Floodplain
100 0.25 7.2 1.29 1.14 15 0.280-15 ELK-50

15-30 ELK-60 90 0.12 13.2 1.40 1.18 15 0.14
30-40 ELK-59 200 nd 1.40

Site CS24 (Pond, Above Low Water Line)
010 ELK-8 100 0.46 5.0 1.20 1.21 10 0.56

10-20 ELK-10 100 0.21 9.8 1.28 1.19 10 0.25
20-30 ELK-18 900 0.04 7.5 1.44 1.21 10 0. OS
30-40 ELK-28 200 nd 1.47
40-50 ELK-95 100 nd 1.48

Site CS25 (Footslope)
0-15 ELK-33 100 0.21 7.6 1.41 1.17 15 0.25

15-30 ELK-37 100 0.12 12.6 1.49 1.21 15 0.15
30-40 ELK-38 200 nd 1.53

Site CS26 (Sideslope)
100 0.15 10.7 1.46 1.18 15 0.180-15 ELK-52

15-30 ELK-58 200 0.11 10.1 1.45 1.19 15 0.13
30-40 ELK-55 100 nd 1.54

Site CS27 (Ridgetop)
100 0.19 8.8 1.38 1.17 15 0.220-15 ELK-57

15-30 ELK-54 230 0.07 12.4 1.42 1.19 15 0.08
30-40 ELK-53 100 nd 1.49

137
Cs

Activity

(pcBia/scism#
2)

5.5
3.0

E = 8.5

6.7
3. 2
0.7

r = 10.6

5.2
3.2

E = 8.4

3.9
2.8

E = 6.7

4.6
1.8

E = 6.4 tn
$P,



Table 2. (Continued)

Depth Sample
(cm) Designation

DurationDuration
of Count
(min)

137
Raw Cs
Activity on
Wt. Basis

(pCi/g
sample)

Counting
Error
(%)

Bulk
Density

(g
o.d.

/cm )

Moisture
Correction

Factor
(gsample/go.d. )

Vertical
Thickness

of
Increment

(cm)

137
Cs

Activity
on Oven
Dry Basis

(PCS igo. d. )

137
Cs

Activity
reiArea

Basis#
(pC i/cm2)

Site CS28 (Floodplain)
90 0. 25 6. 5 1. 39 1.22 15 0. 30 6. 30-15 ELK-44

15-30 ELK-41 100 0. 13 10.4 1.41 1.24 15 0. 16 3.4
30-40 ELK-34 898 nd 1.41 E = 9.7

Site CS29 (Footslope )
0-15 ELK-56 100 0. 14 10. 2 1. 33 1. 12 15 0. 16 3. 1

15-30 ELK-77 100 0. 22 7. 4 1.56 1. 12 15 0. 25 5. 8
30-40 ELK-87 100 0.24 7. 6 1.50 1. 12 10 0. 27 4.0
40-50 ELK-90 250 0. 12 7. 8 1.50 1. 10 10 0. 13 2.0
50 -60 ELK- 100 905 nd 1.43 E = 14.9
60-70 ELK-98 200 nd 1. 36

Site CS30 (Sideslope)
0-15 ELK-71 100 0. 19 9. 2 1.49 1. 14 15 0. 22 4. 8

15-30 ELK-63 100 0. 16 8. 5 1.50 1. 15 15 0. 18 4. 1
30-40 ELK-81 400 nd 1.49 E = 8.9
40-50 ELK-101 200 nd 1.51
50-60 ELK-99 200 nd 1. 52

Site CS31 (Ridgetop)
0-15 ELK-74 400 0. 10 5. 3 1.57 1. 11 15 O. 11 2.6

15-30 ELK-62 900 0.02 13.6 1.58 1. 13 15 O. 02 O. 5
30-40 ELK-83 100 nd 1.70 E = 3. 1



Table 2. (Continued)

137
Vertical

137Cs 137Cs

Raw Moisture
Vertical
Thickness Activity

Duration Activity on Counting Bulk Correction of on Oven
Activity

Area
Depth Sample of Count Wt. Basis Error Density Factor Increment Dry Basis Basis#
(cm) Designation (pCi/gsample) (%) (go.

d. /cm 3) g sample/go. d.
) (cm)

(PCil go. d. )
(pCi/cm2)

Site C S32 (Footslope)
0-7. S ELK-112 200 0.30 4.2 1.25 1.08 7.5 0.32 3.0

7.5-15 ELK-113 100 0.31 5.7 1.18 1.09 7.5 0.34 3.0
15-22.5 ELK-115 100 0.29 7.6 1.23 1.08 7.5 0.31 2.9
22.5-30 ELK-114 100 0.18 7.1 1.46 1.08 7.5 0.19 2.1
30-40 ELK-116 167 0.04 25.1 1.44 1.10 10 0.04 0.6
40-50 ELK-117 1,000 nd 1.45 E = 11.6
50-60 ELK-118 300 nd 1.46

Site CS33 (Sideslope)
0-7.5 ELK-106 100 0.26 6.1 1.18 1.11 7.5 0.29 2.6

7.5-15 ELK-107 100 0.26 6.1 1.24 1.09 7.5 0.28 2.6
15-22.5 ELK-104 100 0.23 5.6 1.27 1.09 7.5 0.25 2.4
22.5-30 ELK-105 400 0. OS 11.4 1.27 1.10 7.5 0.05 0.5
30-40 ELK-111 100 nd 1.33 E = 8.1

Site CS34 (Ridgetop)
0-7.5 ELK-102 100 0.27 6.7 1.25 1.09 7.5 0.29 2.8

7.5-15 ELK-109 175 0.29 4.8 1.26 1.07 7.5 0.31 2.9
15-22.5 ELK-110 60 0.19 11.3 1.30 1.08 7.5 0.21 2.0
22.5-30 ELK-103 182 0.03 20.0 1.43 1.10 7.5 0.03 0.4
30-40 ELK-108 200 nd 1.44 E = 8.1

Site CS35 (Pond, Below Low Water Line)
0-15 ELK-120 250 0.30 4.6 0.76 1.04 15 0.31 3.5

15-25 ELK-119 1,000 0.00 82.4 1.08 1.06 10 0.00 0.0
Z = 3.5



Table 2. (Continued)

Activity on an area basis is converted to activity on a volume basis by dividing the areal activity (in pCi/cm
2) of each increment by the

depth (in cm) of that increment. The results of such a conversion (in pCi/cm3) are plotted in Figures 4-7.

+nd = not detected.
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Particle Size Distribution

Particle size analysis was performed on selected core incre-

ments by a modified pipette method (Kilmer and Alexander, 1949;

Chu and Davidson, 1953). All these selected samples were pre-

treated by organic matter removal, dispersion, and air jetting. A

few also were analyzed with no pretreatment or air jetting.

Organic matter was removed by treatment with hydrogen

peroxide. Preliminary experiments showed that satisfactory dis-

persion of particles was obtained with a 2. 4% solution of sodium

pyrophosphate (Na4P207.10H20), so this concentration was used for

dispersion prior to air jetting and pipette analysis.

Total weight of silt plus clay was determined for each sample

by drawing a representative aliquot from the settling cylinder

immediately following shaking of the full, 1130-m1 suspension of

water plus silt and clay. The value thus determined was combined

with total sand determined from previous wet-sieving to give total

sample weight. Subsequent pipettings after appropriate settling times,

together with sand and total sample weights, yielded sand, silt, and

clay contents in weight percent.
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Estimation of 137Cs Input Based on
Fallout and Weather Records

One of the ways to estimate fallout input of 137Cs since the

1950's is to convert measured inputs of 90Sr to estimated inputs of

137 Cs by multiplying the known deposit of 90Sr by a constant. The

ratio of 137Cs activity in fallout to that of 90Sr has remained in the

range of about 1.5 to 1.7 over the period since fallout began (Gustaf-

son, 1959; Ellis and Mercer, 1965; U.N. Scientific Committee on the

Effects of Atomic Radiation, 1964, 1972; Panel on Radioactivity in the

Marine Environment, 1971). The factor 1.5 was selected for use

here based on the literature and on the independent advice of three

researchers experienced in the study of fission-produced radio-

nuclides. 2, 3, 4

Input of 137Cs at Elkins Road. Watershed was estimated from

90Sr fallout records (Table 3). Measured annual inputs of 90Sr at

2N. H. Cutshall, Oak Ridge National Laboratory, Oak Ridge,
TN, personal communication, March, 1979.

3T. M. Beasley, Oregon State University Marine Science
Center, Newport, OR, personal communication, January, 1980.

4E. P. Hardy, U.S. Environmental Measurements Laboratory,
New York, NY, personal communication, January, 1980.
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Table 3. Measured and estimated Sr fallout at Seattle, WA, and estimated Cs fallout at Seattle and Dallas, OR.

Year

Estimated
137

Cs
Estimated Activity (A)

Estimated Cs Input Remaining90
Rainfall++Sr Input 137Cs Input (A0) at Dallas

at Seattle+ at Seattle + Seattle Dallas at Dallas++ t in 1978 #

(mCi/km2)
(mCi/km2

) (mm) (mm) (rriCi/km
2

) (yr) (mCi/km2)

1954 (2.0) 3.0 885 1, 488 5.0 24 2. 9
1955 (2. 6) 3. 9 917 1, 363 5. 8 23 3. 4
1956 (3. 2) 4. 8 832 1, 227 7. 1 22 4. 3
1957 (3. 2) 4. 8 769 1, 147 7. 2 21 4. 4
1958 (3. 3) 4.9 930 1, 311 7.0 20 4. 4
1959 (7.4) 11.2 1, 094 1, 101 11. 2 19 7. 2
1960 (1. 6) 2. 3 931 1, 330 3. 3 18 2.2
1961 (2. 9) 4. 3 963 1, 553 6. 9 17 4. 7
1962 8. 4 12.6 799 881 13.9 16 9. 6
1963 15.3 23.0 958 1, 238 29.7 15 21. 0
1964 11.4 17. 1 869 1, 382 27.2 14 19.7
1965 3. 6 5. 5 791 1, 023 7. 1 13 5. 3
1966 2. 1 3. 1 921 1, 291 4. 4 12 3. 3
1967 0. 9 1. 4 871 1, 134 1. 8 11 1. 4
1968 1. 2 1. 8 1, 275 1, 649 2. 4 10 1. 9
1969 0. 8 1. 2 916 1, 213 1. 6 9 1. 3
1970 0.9 1. 3 934 I, 432 2. 0 8 1.7
1971 1. 2 1.9 1, 000 1, 607 3. 0 7 2. 6
1972 1. 0 1.5 1, 088 1, 292 1. 8 6 1.6
1973 (0. 2) 0. 3 854 1, 520 0. 6 5 0, 5
1974 0. 8 1. 3 857 1, 446 2. 1 4 1. 9
1975 O. 5 0. 8 1, 096 1, 352 0. 9 3 0. 8
1976 0. 2 0. 3 620 884 0.4 2 0.4



Table 3. (Continued)

90Sr Input
Estimated
137

Cs Input Annual Rainfall
+f

Estimated
137

Cs Input
(A0)

137
Estimated Cs

Activity (A)
Remaining
at Dallas

at Seattle at Seattle* Seattle Dallas at Dallas t in 1978 #

Year ( mCi/ km2) (mCi/km2) (mm) (mm) (mCi/km2) (yr) (mCi/ km2 )

1977 0.6 0. 9 808 1, 136 1. 3 1 1. 3
1978 (Jan-Sep) 0.6 0. 8 906 1, 001 0. 9 0 0. 9

Total = 108. 7

+A
value enclosed by parentheses was partially or wholly estimated as described in text. (U. S. Health and Safety Laboratory, 1977, Taonkel,

1980).
4- 137 90
Estimated Cs input = 1. 5 x Sr input.

U. S. Environmental Data and Information Service (1954-1978).

**Estimated 137Cs input at Dallas, OR was calculated on the assumption that
137

Cs input is proportional to rainfall in the Northwest.

#A = A e
-0. 02297t

0
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Seattle (U.S. Health and Safety Laboratory, 1977; Toonkel, 1980)

are shown without parentheses in column 2.

Numbers in parentheses in column 2 are estimates of 137 Cs

input at Seattle. It was necessary to make these estimates for

years having incomplete records of 90Sr input at Seattle. The long-

est, most complete record 90 iof Sr input is that for New York City.

Among the years for which both Seattle and New York City have

complete records, the average ratio of 9 0 inputnput in New York City

to that in Seattle is about 1.4 (s=±0. 3). Therefore, for every month

or full year in which 90Sr fallout measurements were missing at

Seattle, the value at New York City, divided by 1.4, was used in-

stead. Each value in parentheses in column 2 was derived at least

partially by this method of estimation

Strontium-90 values for Seattle (column 2) were multiplied by

1.5 to give estimates of annual 137Cs fallout at Seattle (column 3).

Rainfall at Seattle is generally lower than that in the western

margin of the Willamette Valley (U. S. Environmental Data and

Information Service, 1954-1978). Since fallout comes down mainly

in rain (Setter and Straub, 1958; Machta et al., 1962; U.N.

Scientific Committee on the Effects of Atomic Radiation, 1964),
137

Cs inputs estimated for Seattle were adjusted proportionately

according to annual rainfall differences between Seattle and Dallas,
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12 km NNW of, and at comparable elevation to Elkins Road Water-

shed (columns 3 through 6, Table 3). Estimates of annual 137Cs

input at Elkins Road then were "decayed" (columns 6 through 8) to

1978, the year in which most field sampling was done for this study,

using the formula for radioactive decay of 137Cs:

A = A e -0. 02297t
0

where A is the activity of 137 Cs at time t in years after the 137 Cs-

containing sample had an activity of A0 (Estabrook, 1960; Bowman

and Mac Curdo, 1974; Wang et al., 1975). The summation of these

A values for 1954 through 1978 is 108.7 mCi/km2, or 10. 9 pCi/

cm
2

. This is an estimate of the 137Cs activity that would have

been detectable in soils at Elkins Road Watershed in 1978 if no re-

distribution or removal of 137Cs by plant/animal uptake, harvest,

or erosion had taken place prior to sampling.

The four samples collected in 1979 (CS32 through CS35) had

experienced a year's decay of 137 Cs beyond that experienced by the

soil samples collected in 1978. Therefore, values of measured

137Cs activity for 1979 samples were "back-decayed, " using the

formula

A = A e O. 02297(1)

to 1978 levels of activity for purposes of reporting and computation
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in this thesis.

Samples collected in 1979 also had received a year's more

fallout than samples collected in 1978. Error due to this factor was

ignored, because levels of fallout in late 1978 and early 1979

(Toonkel, 1980) were so low that 137Cs activities in 1979 could not

have been increased significantly over 1978 activities.

Computation of Areal 137Cs Activity

Cesium-137 activity was reported from Cak Ridge National

Laboratory in picocuries (pCi) per gram (g) of sample. These values

were converted to areal concentrations (Table 2) using the moisture

content of the sample in the Marinelli beaker and the bulk density and

vertical thickness of the undisturbed core sample, as follows:

Aa = A
gxBxCxD

where Aa = areal activity of 137Cs (pCi/cm2), i. e. the activity

per cm 2 of horizontal land area,

Ag = gravimetric concentration of 137 Cs activity

(pCi/g moist soil),

B = bulk density (g oven dried. soil/cm3),

C = moisture content (g moist soil/g oven dried soil),

D = vertical thickness of core increment (cm).
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RESULTS AND DISCUSSION

137Cs Activity in Soils

137Minimum Detectable Levels of _Cs Activity

Of the 121 samples analyzed, six samples (ELK-62, ELK-69,

ELK-80, ELK-86, ELK-88, and ELK-93, Table 3) had 137Cs activi-

ties that were below detectable levels when counted for 1 00 minutes,

but detectable at longer counting times. The average 137Cs activity

at longer counting times for these six samples was 0. 02 pCi/g of

sample, with counting errors ranging from 14 to 42%.

Only three samples (ELK-1 8, ELK-94, ELK-1 03) had detect-

able activities below 0. 03 pCi/g when run for 100 minutes, and all

these had counting errors greater than 40 %.

Samples were counted routinely for 1 00 minutes in this study,

with longer runs made only where necessary to reduce error terms

or to verify nondetectability of 137Cs. Therefore 0. 03 pCi/g is

taken as the minimum detectable 137Cs activity at Elkins Road

Watershed.

The average bulk density of the plow layer at Elkins Road is

1.38 g/cm3. Assuming an average modern plow depth of about

25 cm, the minimum detectable activity in soil on an area basis is,

then, (0. 03 pCi/go. a. ) x (1.38 go, d. /cm3) x 25 cm Itt 1. 0 pCi/cm2.

This is the approximate minimum level of 137 Cs activity which had
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to be present in Elkins Road soils in 1978 in order to have been

detectable in this study.

The average bulk density of the 30-40 cm depth increment at

Elkins Road is 1.46 g/cm3. Therefore the approximate minimum

detectable level of 137 Cs activity in this increment, in a 100 minute

count, is (0..03 pCi/go. ) x (1.46 go. /cm3) x 10 cm = 0.4 pCi/cm2.

In longer counts this minimum detectable level may be lowered

slightly, but the main effect of a longer count is a reduction in the

magnitude of the error term.

137Cs Activities and. Depth Distributions

Cesium-137 activities can be compiled and studied on both an

oven dry (pCi/go.d ) and an area (pCi/cm2) basis (Table 2), and also

on a volume (pCi/cm3) basis (Fig. 4-9). In a depth distribution histo-

gram (Fig. 4-7) the area within each bar represents the 137
Cs

activity per unit land area (cm x pCi/cm 3 = pCi/cm2) in that depth

increment, at that site.

Cesium-137 activities tend to be higher in the lower plow layer

(15-30 cm depth) of sites sampled as being "depositional" than is the

case with sideslope and ridgetop sites. Furthermore, only in "depo-

sitional" sites is 137 Cs activity detectable below the 30 cm depth.

Based on level of 137Cs activity in the lower plow layer, on presence

or absence of 137Cs below the 30 cm depth, and on E (the total 137 Cs
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Figure 4. Depth distributions of
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Figure 5. Depth distributions of 137Cs activity at sites along two sample transects (CS8, CS9,
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(cmxpCi/cm3) equals (pCi/cm2).
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activity, which is related to the first two criteria), it is possible to

declare whether or not a site is truly depositional. Using these cri-

teria, the two alluvial fans (CS7 and CS1 9, Fig. 4) and six of the

footslope sites (CS1 and CS4, Fig. 4; CS8 and. CS12, Fig. 5; CS29 and.

CS32, Fig. 7) have been truly depositional over the period of fallout

input.

Site CS24 (Fig. 7), the pond site above low water, where plowing

has taken place and minimal disturbance occurred in pond construc-

tion in 1971, is apparently only marginally depositional. This site

possesses a moderately high total 137Cs activity (E = 10.6 pCi./cm 2)

but lacks detectable 137Cs activity below 30 cm. On the other hand,

as discussed in the MATERIALS AND METHODS section, depth of

plowing prior to pond construction did not exceed 18 cm. It is there-

fore possible, allowing for 2 cm of downward displacement of 137 Cs-

containing soil by soil fauna, that the 137 Cs activity in the 20 -30 cm

increment of site CS24 does represent 137Cs activity below the

plow layer and thus is an indication of deposition at this site. It is

reasonable, furthermore, that site CS24 should have received only

minor amounts of sediment, since the portion of the pond's 32.8 ha

watershed that most directly feeds this upper, eastern part of the

pond is small and generally of low slope gradient. The lower part of
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the pond (site CS35) is fed directly by the watershed's main stream,

which enters the pond from the north (Fig. 1 and 2). Thus site CS35

serves as a sink for greater amounts of sediment than the upper part

of the pond (site CS24).

Site CS35 (Fig. 7) is apparently depositional because it has

readily detectable 137 Cs activity in the 0-15 cm depth even though

it was stripped to a depth well below the modern soil by pond con-

struction in 1971. Estimated fallout input from 1971 to 1978

(1 pCi/cm2, Table 3) does not account fully for the 137Cs activity

found at site CS35 (E = 3.5 pCi/cm2, Table 3, Fig. 7). Deposition

must have occurred, therefore, over this period.

Two footslope sites (CS16 and CS25, Fig. 6) and the two

floodplain sites (CS20 and CS28, Fig. 6) apparently have not experi-

enced net deposition over the period of fallout, since they lack
137 Cs

activity below 30 cm and have low 137Cs activities in their 15-30 cm

increments. Also their E's are not high.

The reason that two of eight footslope sites have not experi-

enced net deposition over the period of fallout input probably has to

do with the dynamic nature of erosion/deposition phenomena in foot-

slope positions. Foots lopes are concave, low-gradient positions

downslope from steeper areas. As such, footslopes do receive
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deposits of sediment as water flowing from upslope slows and drops

part of its sediment load. However, these foots lope sites can be

eroded as well, because in some periods they can be overridden by

large volumes of runoff from upslope. Rifling is common on foot-

slopes, and it is to be expected that sediment deposited in these sites

is only temporarily stored there, and may be re-entrained in the

future. That two of eight footslopes sampled are not sites of net

deposition is consistent with the concept of a dynamic system of

deposition, storage, and re-entrainment in these footslope zones.

Similar reasoning may account, in part, for the fact that

neither of the floodplain sites displayed net deposition. Deposition,

storage, and scouring are all phenomena that would be expected to

occur on this floodplain. Also, the floodplain at Elkins Road is quite

wide in comparison with most footslopes. Deposition on the flood-

plain takes place over a wide area. The diffuse nature of this

process would cause deposition in any one spot to be minor, and

nondetectable or barely detectable through 137Cs signature.

Sides lope and upland sites are, in general, indistinguishable

from each other. In some cases (CS2, Fig. 4; CS9 and CS13, Fig. 5)

Z for the sideslope site is lower than that for the associated upland
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position, but in other cases it is not. Nor is there a consistent

tendency for sideslope sites to have lower 137 Cs activities in either

their 0-15 cm or their 15-30 cm depth increment.

Failure to distinguish between sideslopes and ridgetops through
137Cs signatures is probably due in part to the wide area over which

runoff and erosion occur in these lands. As Figures 10 and 11 show,

the depositional zone (footslopes and alluvial fan) is commonly a very

small part of the landscape in comparison with the nondepositional

zone. Parallel research at Elkins Road Watershed5 has indicated that

fall-planted land experiences runoff in all parts of the landscape in

virtually all major, erosion-causing storms. Ridgetops and side-

slopes alike, then, are subject in some degree to runoff and erosion,

and the sediment source area is widespread. Some parts of the water-

shed (e.g., sideslopes) may contribute more sediment than other

parts (e. g., ridgetops). But plowing and faunal activities, which tend

to mix the upper two to three dm of soil more or less continuously

over the years, dampen somewhat the effects of erosion on 137 Cs

levels. To detect erosion at Elkins Road using 137Cs signature,

one probably would have to take core samples exclusively in rills

5R. B. Brown, unpublished data.
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Figure 10. Plan view of watershed E4F2, Elkins Road Watershed, Oregon, showing sampling sites and boundary of depositional area.
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Figure 11. Plan view of watershed WCS7, Elkins Road Watershed, Oregon, showing sampling sites and boundaries of depositional areas. Watershed
WCS7 includes watershed E4F2 (Fig. 10)
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prior to plowing, thus ensuring the finding of a shallow 137Cs pro-

file that is depleted in 137 Cs-rich surface materials. While sites

presumably representing the most eroded segments of the landscape

were sampled in this study, no effort was made to take cores only

in rills.

Plowing itself may have been an agent of soil transport over

the period of fallout input. In the transect including sites CS29,

CS30, and CS31 (Fig. 7), such tillage erosion is indicated. Site

CS31, which seemed at sampling time to be more irregular in shape

than other ridgetops sampled, is located in the middle of a field that

straddles the ridge. It might be expected that a dead furrow would

have been opened up along the ridgetop as a result of repeated

counterclockwise plowing and a gradual turning away of topsoil

from the center of the field. Consistent with this hypothesis, 137Cs

activity is low at site CS31 (Table 2, Fig. 7). The footslope posi-

tion, site CS29, is near the edge of the field and was seen at samp-

ling time to be the apparent site of build-up of soil due, at least in

part, to tillage erosion. As expected, the 137 Cs profile at site

CS29 is thick, and total 137Cs present is high (Table 2, Fig. 7).

There is moreover a bulge, or maximum, in the 137Cs profile below

the surface increment of site CS29, indicating that 137Cs-poor sedi-

ment, derived probably from deep rilling upslope, has been
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deposited on the surface at site CS29. Whereas site CS30, on the

corresponding sideslope, was observed in sampling to be rilled,

the profile there is not deficient in 137 Cs (Table 2, Fig. 7). This

indicates that site CS30 may be a zone of gradual transport of

surface material through the action of the plow. Rilling deep

enough to have provided 137Cs-poor sediment to the surface of

site CS29 could have occurred, however, on other parts of the

ridge on which sites CS30 and CS31 are located.

Cesium-137 activities at all 32 sites are summarized graphi-

cally in Figure 8. In general, sites that have experienced net de-

tectable deposition meet at least two of the following three criteria:

(i) high (> 10 pCi/cm2) total 137Cs activity (s), (ii) relatively high

(> 5 pCi/cm2) 137Cs activity below the 15 cm depth, and (iii) rela-

tively deep (> 30 cm) maximum depth of occurrence of
137 Cs.

Sites CS1, CS4, CS7, CS8, CS12, CS19, CS29, and CS32

meet two or in most cases three of these criteria (Fig. 8). All

other sites, including some sites (CS16, CS20, CS25, and. CS28)

sampled on the assumption that they were depositional, failed to

meet at least two of these criteria. Sites CS24 and CS35 cannot

be judged on these exact criteria because they were sampled in

nonconforming depth increments. As discussed previously, how-

ever, site CS24 appears to be marginally depositional, and site
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CS35 is definitely depositional.

The tendency of depositional sites to have both large E's and

deep distributions of 137 Cs activity suggests that the latter phenome-

non is a result of a thickening of the 137 Cs profile through sedimenta-

tion and not the result of simple downward displacement of 137Cs by

leaching and/or faunal activity. That
137 Cs is not found below the

plow layer in sites other than those in depositional landscape posi-

tionstions is evidence furthermore that Cs is held tightly in these soils

and is not subject to significant downward movement by leaching.

Particle Size Distribution and 137Cs

Activity per Gram of Clay

Cesium tends to be retained on and associated with clay size

particles in soils. Transport of sediment by water may cause a

preferential movement of clay size particles. To study the effect

of this phenomenon on the present study, mechanical analyses were

run on selected samples in both "treated" and "untreated" conditions

(Table 4). Most sites selected for this analysis were of the "deposi-

tional" type, on the assumption that the sediment and soils at these

sites would have experienced the greatest degree of sorting by par-

ticle size.

Results were inconclusive. In general, clay content of soil

cores increases with depth below the plow layer, due to the influence



Table 4. Percent sand, silt, and clay, and
137

Cs activities per gram of clay, for selected samples at Elkins Road Watershed, Oregon.

137Cs

Treated* Untreated Activity
(%) (%) per gram

Site Depth sand silt clay sand silt clay of Clay++
Designation (cm) ( 2.0.05 mm) (0. 05-0. 002 mm) ( <0. 002 mm) (2- 4 05 mm) (O. 05-0. 002 mm) (<0. 002 mm) (pCi/gc)

CS1

C S2

CS3

0-15 25. 9 46. 6 27. 5 58. 2 36. 8 5. 0 1. 38

15-30 21.9 47. 3 30.8 63. 8 33. 3 2. 9 0.91
30-40 22. 2 47. 1 30. 7 61. 7 34, 9 3. 4 0, 20
40-50 17.5 42.2 40. 3

0-15 23. 3 43. 9 32. 8 60. 9 35. 3 3. 8 0.76
15-30 21. 5 42. 9 35. 6 8.$. 1 14. 5 0. 4 0.31
30-40 22.2 43.5 34. 3 89. 5 10.5 0.0

0-15 24. 7 46. 9 28.4 57. 8 37. 3 4.9 1.23
15-30 24. 7 42. 5 32. 9 74. 5 23. 0 2. 5 0. 36
30-40 20. 9 41. 0 38. 1 69. 4 27. 6 3. 0

CS4 0-15 21.9 49. 6 28.5 58. 9 39.0 2. 1 1.68
15-30 21.0 49.2 29.8 50.7 44.9 4.4 0.50
30-40 20. 8 45. 2 34. 0 69. 5 28. 5 2. 0 0. 30

CSS 0 15 19. 9 51. 3 28.8 48.5 44. 7 6. 8 0.90
15-30 19. 3 52. 6 28. 1 60. 4 36. 3 3. 3 0. 64
30-40 16. 6 48. 8 34.7 80. 6 18. 6 0. 8

C S6 0-15 23. 3 43. 7 33.0 62. 0 35. 1 2. 9 0.88
15-30 21. 1 39.4 39. 5 88. 2 11. 3 0. 5 O. 10

30-40 20. 5 40. 3 39. 2 85, 8 13. 8 0. 4



Table 4. (Continued)

Treated+ Untreated
(%) ( %)

Site Depth sand silt clay sand silt clay
Designation (cm) (2 -0.05 mm) (0. 05 -0.002 mm) ( <O. 002 mm) (2-.0. 05 mm) (0. 05-0. 002 mm) ( <0.002 mm)

CS7 0-15 19.3 50.9
15-30 10.6 55. 6
30-40 9. 6 55. 8
40-50 10.3 53.9
50-60 9. 8 47. 3

CS8 0-15 21.2
15-30 20.2
30-40 13. 1

49. S
55. 6
52. 1

CS11 0-15 33. 6 44. 3
15-30 32.8 41.1
30-40 28.7 41.1

CS12 0-15 32.4 42.5
15-30 29.9 44. 1
30-40 30.4 41. 5
40-50 26.9 42.0

CS16 0-15 37.1 39.7
15-30 33.9 36.2
30-40 30.0 35.9

29.8
33.8
34.6
35.8
42.9

29.3
24.2
34.8

22. 1
26. 1
30. 2

25. 1
26.0
28.0
31. 1

23. 2
29. 9
34. 1

40. 3
89. 6
85. 7
79. 8
88. 6

51.9
9.7

13.9
19.7
11.4

7. 9
0.7
0. 4
0. 5
0. 0

137
Cs

Activity
per gram

of Clay ++
(pCi/ gc)

1.24
1.04
0. 38
0.03

1. 13
1.28
0.03

1. 31

0.73

1.04
0.85
0.21
0.03

0.95
0.43



Table 4. (Continued)

137Cs

Treated+ *
Untreated Activity

(%) (%) per gram
Site Depth sand silt clay sand silt clay of Clay++

Designation (cm) (2 -0.05 mm) (0.05 -0. 002 mm) ( <0.002 mm) (2-0. 05 mm) (0. 05-0. 002 mm) ( <0.002 mm) (pCi/gc )

CS19 0-15 23.9 46.4 29.6
15-30 28.1 44.9 27.0
30-40 19. 3 50. 2 30. 5

40-50 14. 1 52. 7 33. 2

CS20 0-15 6. 3 61. 3
15-30 6. 6 60. 1
30-40 6. 4 59. 5

CS24 0-10 29.3 40.2
10-20 28.2 41.7
20-30 28.2 39.2
30-40 35.6 40.2

CS25 0-15 6.7 60.5
15-30 7. 1 60.6
30-40 8. 8 59. 5

CS28 0-15 18.8 53. 0
15-30 16.7 54. 0
30-40 17.5 53. 8

32.3
33.3
34.1

30.5
30. 1
32.6
24. 2

32.7
32.3
31.7

28.2
29.3
28.7

90. 5
74. 5
83. 4

84. 6

58.5
61.6
91.1

86.6
88.4
89.7
52.9

45.4
76.9
45.8

9. 5
24. 5
16. 6

15.4

40. 4
36. 7

8. 9

13.4
11.6
10. 3
40. 3

50. 8
22. 5
49. 5

0.0 1.38
1.0 0.96
0.0 0.56
0.0 0.06

1. 1 0.87
1. 7 0.42
0. 0

0. 0 1.84
0.0 0.83
0.0 0. 15
6. 8

0.76
0.46

3. 8 1.06
0. 6 0.55
4. 6



Table 4. (Continued)

137Cs

Treated+ Untreated Activity
(%) (%) per gram

Site Depth sand silt clay sand silt clay of Clay ++
Designation (cm) (2-0.05 mm) (0.05-0.002 mm) (<0.002 mm) (2-0.05 mm) (0.05-0.002 mm) (<0.002 mm) (pCi/gc)

CS29 0-15 19.7 53.7 26.6 38.5 56.2 5.3 0.60
15-30 20.0 52.7 27.3 48.1 48.1 3.8 0.92
30-40 19.5 51.8 28.7 38.0 56.0 6.0 0.94
40-50 19.1 54.1 26.8 32.1 60.5 7.5 0.48
50-60 17.6 48.9 33.5 79.7 20.3 0.0
60-70 18.8 50.7 30.5 58.3 39.4 2.3

+Treated
samples were subjected to organic matter removal, dispersal, and air jetting prior to wet sieving and pipetting.

Untreated samples were not subjected to organic matter removal, dispersal, or air jetting prior to wet sieving and pipetting.

-H-
Cesium-137 activity per gram of clay (pCi/ge) is determined by dividing the activity per gram of soil (pCi/ go. Table 2) by the percent

clay (Treated+), and multiplying the result by 100%.
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of an argillic horizon in the subsoil. But little stratification due to

sorting processes is apparent in the cores, even below the homoge-

nizing influence of the plow. This could be due in part to the fact that

cores were cut into regular depth increments without regard to

apparent stratification. However, except for occasional minor

stratification of contemporary, yet-to-be-plowed-in sediment on

the soil surface, no modern stratification was discerned in these

cores as they were collected or cut.

Untreated samples tend to show stratification to a somewhat

greater degree than treated samples (Table 4). At site CS7, for

example, percentages of both sand and silt in untreated samples

vary widely in the upper 60 cm of soil, but those of treated samples

vary only slightly. This is an indication that soil materials in this

landscape are entrained, transported, sorted, and deposited largely

in an aggregated form.

Cesium-137 activities per gram of clay (Table 4) are no more

helpful in interpreting differences among sites than are 137 Cs activi-

ties per gram of whole soil (Table 2). This is consistent with the

suggestion in the previous paragraph that sorting of primary min-

eral grains in the unaggregated form is not sufficiently operative at

Elkins Road to have influenced the results of this study.

Average 137Cs Activities for Different Types of Site

The only significant difference between means among "deposi-

tional" (footslope, alluvial fan, and floodplain), sideslope, and
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ridgetop sites occurs in the 15-30 cm depth increment (Table 5).

Here the mean 137Cs activities of sideslope and ridgetop sites, indis-

tinguishable from each other, differ significantly from the mean

activity of depositional sites.

When 137Cs activities are expressed on an area basis, as in

Table 6, the results are similar to those obtained with activities

expressed on a weight basis. In the 15-30 cm depth increment, and

in total 137 Cs activity (s), depositional sites on the average differ

significantly from both sideslope and ridgetop sites. The upper part

of Figure 9 shows depth distributions of mean 137Cs activities for

depositional, sideslope, and ridgetop sites. These results confirm

the observations made in perusal of activities of individual sites

(Fig. 4-8). On the average, depositional sites tend to have (i) signifi-

cantly higher levels of 137Cs activity in the 15-30 cm increment

(lower plow layer) than do sideslopes and ridgetops, (ii) detectable

levels of 137Cs activity below the 30 cm depth, unlike sideslopes and

ridgetops which in no case have detectable 137 Cs activity below this

depth, and (iii) significantly higher levels of total 137Cs activity (E)

than sideslopes and ridgetops.

In the 0-15 cm increment, mean 137Cs activities of the differ-

ent site types are not significantly different from each other (Tables

5 and 6),. although there is a tendency for depositional sites to

be richest in 137 Cs in this increment. This tendency is probably

a reflection of the same phenomena apparent in lower depth



Table 5. Mean
137 Cs activities per unit weight of oven dry soil in depositional, sideslope, and ridgetop positions at Elkins Road Watershed, Oregon.

Means and Standard Deviations
of 137Cs Activities

(PC"go. d. )
All

Depth Depositional Sideslope Ridgetop

(cm) Sites+ Sites* Sites

n = 12 n = 9 n = 9

0-15

15-30

30-40

40-50

0. 31 *0.09 0.24 10.04 0.27 *0.07

0. 22 *0.07

0. 06 10.08

0.01 10.04

**++ 0. 14 10.03 0. 10 10.05

nd
44

nd

nd

nd

+Including footslope, alluvial fan, and floodplain positions.

Including one ridge shoulder position (CS14).

++Means separated by ** are significantly different at the 0.01 level. Means underlined together are not significantly different at the 0. 01 level.

Significances were determined using t-tests (assuming equal variances, based on Bartlett's test of homogeneity of variance, and assuming normal

distributions, based on X2 tests of norrnalityXSnedecor and Cochran, 1967).

44nd = not detected.

00
03



Table 6. Mean
137

Cs activities per unit land area in depositional, sideslope, and ridgetop positions at Elkins Road Watershed, Oregon.

Means and Standard Deviations
of 137Cs Activities

(pCi/cm )
All

Depth Depositional Sideslope Ridgetop
(cm) Sites+ Sites* Sites

n = 12++ n = 9 n = 9

0-15 6.2 ±1.5 5.2 t0.9 5.7 1 1. 5

15-30 4.511.3 *44* 3.010.7 2.211.2
30-40 0.9 11.2 nd# nd

40-50 0.2 t0.6 nd nd

E 11.7 ±2.5 ** 8.2 +1.0 7.9 *2.3

Including footslope, alluvial fan, and floodplain positions.

Including one ridge shoulder position (CS14).

++One pond site (CS24) is included here only in the E row (where n thus = 13), because the cores at this site were split into odd increments.
The other pond site (CS35) is excludedhere because of its having been severely disturbed in pond construction late in the period of fallout input,
which limits its use in comparisons with other sites.

Means separated by ** are significantly different at the 0.01 level. Means underlined together are not significantly different at the 0.05
level. Significauces were determined using t-tests (assuming equal variances in 0-15 cm and 15-30 cm rows and unequal variances in the E row,
based on Bartlett's test of homogeneity of variance, and assuming normal distributions, based on X2 tests of normality) (Snedecor and Cochran,
1967).

#nd = not detected.
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increments and Vs, i.e. an enrichment and overthickening of the
137

Cs profile in depositional sites, chiefly footslopes and alluvial

fans, as a result of the influx of 137Cs- rich sediment from upslope

erosion.

It is emphasized again that not all sites sampled as "deposi-

tional" display the overthickened 137Cs profile. On the average,

however, sites that seem to be depositional based on landscape

position are in fact depositional based on 137Cs signature.

Comparing footslopes, sideslopes, and ridgetops along the

eight sampling transects is instructive. This comparison elimi-

nates the confounding effect of including odd types of depositional

sites such as floodplains and alluvial fans. It also allows for a

two-way analysis of variance among three types of site along eight

transects.

Results of the footslope/sideslope/ridgetop comparison are

shown in Tables 7 and 8 and in the lower part of Figure 9. Because

the numbers of samples (n) are reduced to 8 in this comparison,

significance levels of differences among means are reduced some-

what from those found when all depositional sites are compared with

all sideslopes and ridgetops (Tables 5 and 6). Nevertheless, the

same tendencies are found. In the lower plow layer (15-30 cm) and

in total 137C s activity present (.),footslopes differ significantly from
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Table 7. Mean Cs activities per unit weight of oven dry soil in footslope, sideslope, and ridgetop positions at Elkins Road Watershed, Oregon.

Means and Standard Deviations

of 137Cs Activities

Depth (pCi/g, d )
(cm) Foots lopes Sideslopes Ridgetops+

n = 8 n = 8 n = 8

0-15 0.30 ±0. 10 0.24 ±0.04 0.27 +0.08

15-30 0.22 ±0.07 ** 0.14 10.04 * 0.09 ±0.04

30-40 0.06 ±0.09 1,, nd f+ nd

40-50 0.02 ±0. OS nd nd

+Excluding site CS11, which was not part of a sampling transect.

Means separated by * are significantly different at the 0.05 level. Means underlined together are not significantly different at the 0.05 level.

Significances were determined using t-tests (assuming equal variances, based on Bartlett's test of homogeneity of variance, and assuming normal

distributions, based on X2 tests of normality) (Snedecor and Cochran, 1967).

-H-nd = not detected.



Table 8. Mean
137

Cs activities per unit land area in footslope, sideslope, and ridgetop positions at Elkins Road Watershed, Oregon.

Depth
(cm)

Means and Standard Deviations
of 137Cs Activities

(pCi/cm2 )

Foots lopes Sideslopes Ridgetops+

n = 8 n = 8 n = 8

0-15 0 .11.86.011.`8 1 1.0 5.7 11.6

15-30 4.5 1 1. 2 *4° 3.0 *0.8 * 1.9 10.9

30-40 0.8 ±1.3 nd
++

nd

40-50 0.3 10.7 nd nd

11.7 ±2.4 ** 8.2 ±1.1 7.6 12.2

+Excluding site CS11, which was not part of a sample transect.

Means separated by * are significantly different at the 0.05 level. Means separated by ** are significantly different at the 0.01 level. Means
underlined together are not significantly different at the 0.05 level. Significances were determined using t-tests (assuming equal variances in 0-15 cm
and 15-30 cm rows and unequal variances in the row, based on Bartlett's test of homogeneity of variance, and assuming normal distributions, based
on X2 tests of normality) (Snedecor and Cochran, 1967).

+4-nd = not detected.
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sideslopes and ridgetops. Foots lopes, on the average, have experi-

enced enrichment and thickening of their 137Cs profiles.

In a two-way analysis of variance of 137 Cs activity in the 0-15

cm depth increment, neither the classification by landscape position

(row) nor that by transect (column) accounts for a significant portion

of the variation in 137Cs activity in this depth increment (Table 9).

This is consistent with the finding that footslopes, sideslopes, and

ridgetops do not differ significantly in 137Cs activity of their 0-15 cm

depth increments (Tables 7 and 8).

In the 15-30 cm increment, classification by landscape position

does account for a significant portion of the variation in 137Cs activity,

but classification by transect does not (Table 10). This is consistent

with the finding that footslopes (and depositional sites in general) have

experienced on the average an overthickening of their 137Cs profiles.

As with the unsuccessful effort at accounting for variations in
137Cs activity with classification by transect (Tables 9 and 10), efforts

to explain such variations through parameters (elevation, slope gradi-

ent, slope length, etc. ) other than landscape position were unsuccess-

ful. Likewise, efforts to demonstrate that 137Cs activity in one type

of site is a function either of 137 Cs activity in another type of site or

of some other variable (elevation, slope gradient, particle size distri-

bution, etc. ), using pairing of sites or linear regression, were

unsuccessful.



Table 9. Two-way analysis of variance (Snedecor and Cochran, 1967) of
137

Cs activity per unit land area in the 0-1S cm depth increment along
eight transects, Elkins Road Watershed, Oregon.

Transect

CS 3 CS6 CSIO CS15 CS18 CS27 CS31 CS34

CS2 CS5 CS9 CS13 CS17 CS26 CS30 CS33

C S1 CS4 CS8 CS12 CS16 CS2S CS29 CS32
137

Cs Activity (pCi/cm2) in 0-15 cm Depth Increment

Ridgetop 7.7 5.5 6.9 5.9 6.5 4.6 2.6 5.7

Landscape Sideslope 4.9 5.9 4.6 4.7 7.2 3.9 4.8 5.2
Position

Foots lope 7.2 9.0 7.0 5.8 5.0 5.2 3.1 6.0

SS df MS F

Row (Landscape Position) 3.19 2 1.60 1.14 (not significant at 0.05 level)

Column ( Transect) 25.97 7 3.71 2.66 (not significant at 0.05 level)

Error 19.55 14 1.40
Total 48.70



Table 10. Two-way analysis of variance (Snedecor and Cochran, 1967) of 137
Cs activity per unit land area in the 15-30 cm depth increment

along eight transects, Elkins Road Watershed, Oregon.

Transect

CS3 CS6 CS10 CS15 CS18 CS27 CS31 CS34

CS2 C S5 CS9 CS13 CS17 CS26 CS30 CS33

CS1 CS4 CS8 CS12 CS16 CS25 CS29 CS32
137

Cs Activity (pCi/cm2)
in 15-30 cm Depth Increment

Ridgetop 2.6 0.8 1.6 3.3 2.1 1.8 0.5 1 2.4
Landscape Sideslope 2.3 3.7 2.3 3.9 2.1 2.8 4.1 2.9
Position

Footslope 5.4 3.3 5.9 4.9 2.8 3.2 5.8 5.0

SS df MS F

Row (Landscape Position) 28.30 2 14.15 13.90 ** (significant at 0.01 level)

Column ( Transect) 6.98 7 1.00 0.98 (not significant at 0.05 level)

Error 14.26 14 1.02

Total 49.54
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It seems that in this small watershed, whose surface soils and

land use are similar across the landscape, it is not possible to

explain variations in 137Cs activity by any watershed variables other

than landscape position. Most areas, particularly footslopes and

alluvial fans, that seem to be depositional based on landscape

morphology are in fact depositional based on 137Cs signature.

Seemingly highly eroded sites (sides lopes), on the other hand,

have not been eroded demonstrably based on 137 Cs signature. This

failure to distinguish eroded sites from apparently more stable sites

could be due to a combination of related factors, including (i) the

widespread nature of the erosion process in fall-planted fields, all

parts of which experience runoff and erosion to at least some degree,

(ii) the damping effect of the moldboard plow, which ensures that
137Cs-rich surface soil is mixed with underlying soil and thus is less

available than otherwise for loss through erosion, (iii) an apparent

lack, over the period of fallout input, of erosion severe enough to

deplete preferentially the 137Cs-rich surface soils. of sideslopes, and

(iiii) continued addition of fallout 137 Cs to all parts of the landscape,

up to the time of sampling.
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Estimated Erosion Rates over the Period of Fallout Input

Objective and Basic Assumptions

One of the purposes of this study is to estimate rates of soil

erosion by water under modern agricultural practice at Elkins Road

Watershed. Based on measurements of 137Cs activity (Tables 2, 4 -10,

Fig. 4-9) in different types of landscape position, estimates of ero-

sion rates have been made on two nested watersheds, designated.

E4F2 and WCS7. Watershed E4F2 (Fig. 10) is a 6 ha catchment that

is monitored routinely for runoff and suspended sediment discharge by

the erosion study group at Oregon State University. 6 Watershed WCS7

(Fig. 11) is a 12.9 ha basin that includes watershed E4F2.

In addition, limited estimates of erosion rate have been made

for watershed. WCS35. This is the 32.3 ha catchment that feeds the

pond in which sites CS24 and CS35 are located.

Several basic assumptions lie behind estimation of erosion using
137 Cs levels and distributions:

(i) Cesium-137 has been landing on Elkins Road Watershed as

one component of fallout from weapons tests since early 1954. This

assumption is supported by the literature (U.S. Health and Safety

Laboratory, 1977).

6Erosion Project, Department of Soil Science, Oregon State
University, Corvallis. M. E. Harward, Project Leader.
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(ii) Cesium-137 is rapidly and tightly "fixed" or retained in the

surface soils of Elkins Road Watershed. This assumption is borne

out by the results of this study as discussed previously at the end of

the 137Cs Activities and Depth Distributions section. It is supported

also by the literature (see sections entitled Mechanisms of 137 Cs

Sorption in Soils and DESCRIPTION OF STUDY AREA).

(iii) Incoming 137Cs has been uniformly distributed over the

landscape and not concentrated initially in any one elevation or type

of landscape position. This assumption cannot be proved. Presum-

ably, however, areal variations in rainfall (and fallout) distribution

would cancel one another over the years. If not, the effort made in

this study to sample along transects that reflect local relief in a vari-

ety of elevations and exposures should minimize if not eliminate bias

due to this effect.

(iiii) There has been insignificant net sorting of sediment in

transport from uplands to depositional zones. That is, the depletion

and enrichment of 137Cs in soil are proportional to the erosion or

deposition of soil. This assumption is supported by the lack of sig-

nificant difference between mean 137Cs activities per unit weight of

surface soil in depositional versus nondepositional sites (Tables 5

and 7), and by the lack of measurable sorting by particle size in sedi-

ment on the watershed (see previous section entitled Particle Size

Distribution and 137Cs Activity per Gram of Clay).

(v) Removal of 137 Cs in grass seed, small grain, hay, and
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other crops has been uniform across the watershed. This assumption

cannot be proved, but taking samples in several different fields, each

with its own cropping history, and ensuring that each sample transect

was located entirely in a single field probably has minimized bias in

this regard.

(vi) Loss of fallout 137Cs from the watershed in runoff, before

it could be fixed in soil, has been minimal and is not a cause of bias

in results reported. here. During periods of high rainfall and ero-

sion, some of the impinging rainfall runs off the land without enter-

ing the soil. It might be expected. that 137Cs dissolved in this rain-

water would exit the watershed before it could become attached to

soil particles. Thus it could not act as a tag on soil and sediment.

Only a small proportion of the total rainfall over several years

would run off in this manner, however, and the resulting reduction

in total fallout retained in soils must be small. Furthermore, the

phenomenon would occur more-or-less uniformly across the land-

scape in large storms, and bias resulting from it would be minimal.

Two different types of approach, "volumetric" and "gravi-

metric, " were used in estimating modern erosion rates. These

are described, and their results reported, in the following para-

graphs.
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A Volumetric Approach

Rationale . One of the ways to estimate erosion rates is to

calculate the volume of sediment that has accumulated in deposi-

tional parts of a watershed over the period of fallout input. Using

various assumptions, one then estimates the amount of erosion

that must have occurred on the watershed for this volume of sedi-

ment to have accumulated. The approach is called "volumetric"

because only a calculation of volume of sediment, based on the

depth to which 137Cs is found and the areal extent of the zone, is

made. Level of 137 Cs activity per unit weight of soil or per unit

land area is not used in any way with this method.

Assumptions. The estimates made using this approach de-

pend on several assumptions as to magnitude of parameters impor-

tant in the calculations. These assumptions are in addition to the

basic assumptions previously listed. To ensure that volumetric

estimates of erosion rates represent the range of variation and

error in estimation, each parameter is given both a high and a

low value. The parameters are:

(i) Deepest sediment accumulation in depositional areas. If

the deepest increment in which 137Cs is detected is the 3 0-40 cm

increment, then the total depth of 137 Cs activity is taken to be

35 cm. Since the land comprising watershed. E4F2 and. WCS7 has
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been plowed 7repeatedly since the mid-1950's, it must be assumed

that the first fallout of 137Cs was turned into the soil to the plow

depth. Thus a thickness equal to the plow depth must be subtracted

from the total depth of 137Cs activity currently observed, in order

to obtain the total depth of sediment accumulation since fallout be-

gan. Adding a few cm to the plow depth to allow for some additional

downward displacement of 137Cs by soil fauna, the depth that must

be subtracted from the total is in the 20 to 25 cm range. Subtract-

ing 20 or 25 cm from the total observed depth of 35 cm, a thickness

of sediment accumulation ranging from 10 to 15 cm is obtained.

For the footslopes (sites CS1, CS4, and CS32) of watersheds

E4F2 and WCS7, the depth of 137 Cs activity is 35 cm, so the range

of thickness of sediment accumulation is from 10 to 15 cm (Tables

11 and 13). For the fan (site CS7) in watershed. WCS7, the depth

of 137 Cs activity is 45 cm, so the range of thickness of sediment

accumulation is from 20 to 25 cm (Table 13).

The horizontal area of the footslope zone of each watershed

(Fig. 10 and 11) was determined by pacing, with the area of the

intermittent stream channelway subtracted. The number thus

7E. E. Smith, Amity-Hopewell Road, Amity, Oregon, personal
communication, February, 198G.



Table 11. Estimates of erosion rates in watershed E4F2 based on measured
137

Cs activities and depth distributions, Elkins Road Watershed, Oregon.

+
Assumptions Measurements

Estimated
Ave. Annual

13 7 137
Deepest Ave. Ave. Cs Activity Ave. Cs Soil Loss From

Sediment Surface Soil Length Watershed per Unit Activity in Upland Areas
Accumulation
in Foots lopes

B. D. in
Foots lopes

of
Record

Sediment
Delivery

of Land Area
(pCi/cm2)

Plow Layer
of Uplands*

(Sideslopes and Ridgetops),
Watershed E4F2

(cm) (go.
d.

/cm3) (yr ) Ratio Foots lopes+ Uplands++ (PCi/go. d. ) (MT/ha/yr) (T/a/yr)

Volumetric Approach*
10 1. 25 24 0,, 55 NA NA NA 3.0 1. 3

15 1.33 22 0.75 NA NA NA 9. 3 4. 1

Gravimetric Approach**
NA NA 24 0. 55 12.5 8. 3 0.29 5. 8 2. 6

NA NA 14 0. 75 12.5 8. 3 0. 29 17.2 7. 7

+Several parameters used in calculation of erosion rates were assigned different values to obtain a range of possible erosion rates, as discussed

in text. Values assigned and listed here were selected to give highest and lowest estimates of erosion rate in watershed E4F2.

Average level of E (pCi/cm2) among footslope positions (CS1, CS4, CS32) in watershed E4F2.

++Average level of E (pCi/cm2 ) among sideslope and ridgetop positions (CS2, CS3, CS5, CS6, CS10, CS33, CS34) in and near watershed E4F2.

Average level of 137Cs activity in 0-15 cm depth increment among sideslope and ridgetop positions (CS2, CS3, CS5, CS6, CS10, CS33, CS34)
in and near watershed E4F2.

Area of upland zone (sideslopes and ridgetops) = 5. 6 ha; area of depositional zone (footslopes) = 0. 28 ha.

Volumetric approach involves calculations based on an estimate of the volume of sediment in footslope positions, as discussed in text.

##Gravimetric approach involves calculations based on measured activities of
137

Cs in footslope and upland sites, as discussed in text.

-
0
EN.)



137 137Table 12. Estimates of Cs input and sediment accumulation in watershed E4F2 based on measured Cs activities, Elkins Road Watershed,
Oregon.

Assumptions+
Measurements

EstimatedE

Estimated
Ave. Depth
of SedimentAve. 137Cs

Ave. Ave. 137 Cs Activity Activity Input of Accumulation
Surface Soil Watershed per Unit in Plow Fallout in

B. D. in Sediment of Land Area Layer of 137Cs Depositional
Footslopes3 Delivery ( VI/ cm2) Footslopes * Activity Areas

(go.
d.

/cm ) Ratio Footslopes Uplands
1-r

(PC1/go. d. (PCi/cm2) (cm)

1. 25 0.55 12. 5 8. 3 0.4 7. 6

1. 33 0.75 12. 5 8. 3 0. 4 6. 6

NA 0. 55 12.5 8. 3 NA 8. 7

NA 0. 75 12. 5 8. 3 NA 9.0

Values listed here were selected to give highest and lowest estimates of 137Cs
input and sediment accumulation in watershed E4F2,

gravimetric approach involving calculations based on measured activities of 137Cs in footslope and upland sites, as discussed in text.

Average level ofE (pCi/cm2) among footslope positions (CS1, CS4, CS32) in watershed E4F2.

++Average
level of Z(pCi/cm2) among sideslope and ridgetop positions (CS2, CS3, CSS, CS6, CS10, CS33, CS34) in and near

watershed E4F2.
137

*Average level of Cs activity in 0-15 cm depth increment among footslope positions (CS1, CS4, CS32) in watershed E4F2.

using a
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Table 13. Estimates of erosion rates in watershed WCS7 based on measured Cs activities and depth distributions, Elkins Road Watershed, Oregon.

Assumptions+

Deepest
Sedinient

Accumulation
(cm)

Foots lopes Fan
Volumetric Approach#

Ave.
Soil B. D.

(go. d. /cm3)
Foots lopes Fan

Length Watershed
of Sediment

Record Delivery Fan and
tYri

Measurements
e .1.137Cs Activity

per Unit
of Land Area

(pCi/cm2)

137
Ave. Cs

Estimated
Ave. Annual
Soil Loss From

Activity in Upland Areas
Plow Layer (Sideslopes and Ridgetops)
of Uplands* Watershed WCS 74#

Ratio Foots lopes+ Up lands-I4 (PCl/go. (Mt/ha/yr) IT/a/yr)

10 20 1. 25 1. 13 24 0. 45 NA NA NA 3. 8 1.7
15 25 1. 33 1. 20 22 0, 75 NA NA NA 14. 3 6. 4

Gravimetric Approach##
NA NA NA NA 24 0.45 12. 7 8. 3 O. 29 8. 3 3, 7
NA NA NA NA 14 0, 75 12. 7 8. 3 0.29 27.0 12.0

Several parameters used in calculation of erosion rates were assigned different values to obtain a range of possible erosion rates, as discussed
in text, Values assigned and listed here were selected to give highest and lowest estimates of erosion rate in watershed WCS7

Weighted average level of E (pCi/cm 2)
among footslope (CSI, CS4, CS32) and fan (CS7) positions in watershed WCS7.

++Average level of E (pCi/cm2) among sideslope and ridgetop positions (CS2, CS3, CS5, CS6, CS10, CS33, CS34) in and near watershed WCS7.
137

Average level of Cs activity in 0-15 cm depth increment among sideslope and ridgetop positions CS2, CS3, CS5, CS6, CS10, CS33, CS34)
in watershed WSC7.

Area of upland zone (sideslopes and ridgetops) = 11. 9 ha; area of depositional zone (footslopes and fan) = 1. 0 ha.

Volumetric approach involves calculations based on an estimate of the volume of sediment in footslope and fan positions,
##Gravimetric approach involves calculations based on measured activities of

137
Cs in footslope, fan, and upland sites, as discussed in text.

as discussed in text.

2



Table 14. Estimates of
137

Cs input and sediment accumulation in watershed WCS7 based on measured
137

Cs activities, Elkins Road Watershed,
Oregon.

Assumptions+
Ave. Surface
Soil B. D.

(go, d. /cm3)
Footslopes Fan

Watershed
Sediment
Delivery Fan and
Ratio Footslopes+ Uplands' +

Measurements
Ave. 137Cs

Activity
per Unit

of Land Area
(pCi/cm2)

137
Ave. Cs Estimated

Activity Input of
in Plow Layer Fallout

of Fan and 137Cs

Footslopes* Activity
(pCi/go, (pCi/cm _)

Estimated
Ave. Depth
of Sediment
Accumulation

in
Depositional

Areas
Acm)

1.25

1, 33

NA

NA

1. 13

1.20

NA

NA

0.45

0.75

0.45

0.75

12. 7

12. 7

12. 7

12. 7

8. 3

8. 3

8. 3

8. 3

0. 39

0, 39

NA

NA

8. 9

9.4

7. 9

6. 4

137+Values listed here were selected to give highest and lowest estimates of Cs input and sediment accumulation in watershed WCS7, wing a
gravimetric approach involving calculations based on measured activities of 137Cs in footslope, fan, and upland sites, as discussed in text.

Weighted average level of E (pCi/cm2) among footslope (CS1, CS4, CS32) and fan (CS7) positions in watershed WCS7.

Average level of (pCi/cm2) among sideslope and ridgetop positions (CS2, CS3, CS5, CS6, CS10, CS33, Cs34) in watershed WCS7.

Weighted average level of 137 Cs activity in 0-15 cm depth increment among footslope (CS1, CS4, CS32) and fan (CS7) positions in
watershed WCS7.
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obtained is then multiplied by 6/8 to take into account the fact that

only 6 of 8 footslopes sampled in this study are truly depositional.

The depth of sediment accumulation, determined as described in the

previous two paragraphs, is taken to be the deepest accumulation in

the footslope or fan, thinning to zero toward the edges of the zone.

Simple geometric calculations then yield an estimate of the volume

of post-1954 sediment that resides in the footslope zone (140 to

220 m3 for E4F2, and 440 to 660 m3 for WCS7)(Fig. 10 and 11). A

similar computation yields an estimate of the volume of sediment

(35 to 44 m3) residing in the fan at site CS7 (Fig. 11).

(ii) Average surface soil bulk density in depositional areas. To

convert volume of post-1954 sediment to weight of sediment one needs

to know the bulk density of the sediment. The average bulk density

of the 0-15 cm increment, i. e. the upper plow layer, in footslopes

on watersheds E4F2 and WCS7 is 1.25 g /cm 3. The weighted aver-

age bulk density of surface soil to the depth of occurrence of 137Cs

is 1.33 g/cm3. These two values are taken to represent the range

of bulk densities of post-1954 sediment in footslopes (Tables 11 and

13). Similarly, a range of 1.13 to 1..20 g/cm3 is obtained for the

fan (site CS?) (Table 13).

(iii) Length of record. The earliest fallout input is taken to

have occurred in early 1954. Samples for this study were collected

in large part in mid-1978, so a maximum of about 24 years of
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erosion history is "recorded" in 137Cs signatures at the water-

shed. Initial inputs were small, however (Table 2). It would have

taken about three years for levels to have become high enough

(-1 pCi/cm2) to be detectable in 1978 samples. If the first two

years' fallout had been buried rapidly enough to be placed beyond

the depth of influence of the plow, then they would not be detectable

in depositional sites and the record for purposes of the present

calculations would be only about 22 years in length. Thus 24 and

22 years are taken to represent the range of length of record using

volumetric erosion estimates at Elkins Road (Tables 11 and 13).

Watershed sediment delivery ratio. This ratio, is-the

fraction of total ("gross") erosion on a watershed that actually

exits from the watershed without being deposited somewhere on the

watershed itself (Roehl, 1962, Spraberry and Bowie, 1969). Exact

delivery ratios for watershed E4F2 and WCS7 are not known. Esti-

mates of delivery ratios for E4F2 and WCS7 using Renfro's (1975)

composite curve, which relates delivery ratio to watershed area,

are 0.56 and 0.49, respectively. Estimates of the delivery ratio of

watershed E4F2 based on the watershed slope-length factor

(Williams and Berndt, 1977) and actual measurements of watershed

sediment discharge8 range from 0.61 to 0.73. Thus ranges of

8Erosion Project, Department of Soil Science, Oregon State
University, Corvallis. M. E. Harward, Project Leader. Unpub-

lished data.
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delivery ratios ranging from 0.55 to 0.75 and from 0.45 to 0.75

are selected for watershed E4F2 and WCS7, respectively (Tables 11

and 13).

Measurements of 137Cs Activity. Other than the maximum

depth of occurrence of 137 Cs activity, as discussed in part "i" of

the previous section, no measurements of 137 Cs activity are used

in the volumetric computations. Levels of 137Cs activity per unit

weight and per unit area are irrelevant here, because this approach

involves only an estimate of the volume of post-1954 sediment

accumulated in depositional zones.

Method of Estimation.. Converting volume estimates of sedi-

ment to mass estimates, and using appropriately chosen lengths of

record and delivery ratios, one can derive estimates of annual soil

loss on the watershed. For example, the lower volumetric estimate

of soil loss in watershed E4F2 (Table 11) is obtained as follows:

A 10 cm depth of accumulation along with a 3800 m2 footslope

area represents 140 m3 of sediment, using computations described

previously in part "i" of the Assumptions section. If this volume

of sediment has a bulk density of 1. 25 g/cm3 then its weight is

140 m3 x 1.25 g/cm3 180 MT.

If the length of record is 24 years, then the average sediment

accumulation rate in footslopes has been
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180 MT/24 yr = 7.5 MT/yr.

If the watershed has a sediment delivery ratio of 0.55, only about

0.45 of originally eroded sediment now resides in footslopes. The

other 0.55 has left the watershed via its outlet. The estimate of

average erosion rate over the watershed over the period of fallout

input is, then
(7. 5 M T/yr)/ O. 45/5.6 ha = 3. 0 M T/ha/yr.

This is the low estimate that appears in the first line of Table 11.

Estimates of Soil Loss Using the Volumetric Approach

The volumetric estimate of soil loss for watershed. E4F2 ranges

from 3. 0 to 9. 3 MT/ha/yr (Table 11). The estimate for WCS7 ranges

from 3.8 to 14.3 MT/ha/yr (Table 13).

It is to be expected that the estimates for these two watersheds

would overlap considerably, because WCS7 includes E4F2, and most

of the data, assumptions, and techniques used in the E4F2 calculations

were used also in the WCS7 calculations. The tendency of erosion rate

estimates to be higher for WCS7 may be due to the fact that a larger

proportion (-8%) of watershed WCS7 is depositional than is the case

(~5%) in watershed E4F2.

The volume of sediment (35-44 m3) in the alluvial fan site

CS7) at the mouth of watershed. WCS7 is only about 10% of the
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volume of sediment (440-660 m3) residing in footslopes on this

watershed. Whereas the alluvial fan is the more striking and

visible feature to observers passing along the adjacent road and

fenceline, the footslopes as a whole are apparently the sites of

much greater deposition on the watershed than is the fan.

For watershed WCS35, the 32. 8 ha catchment that feeds the

pond in which sites CS24 and CS35 are located, only a rough

volumetric estimate of post-pond"construction erosion rates is

possible. The pond was built in about 1971. Based on estimation

of depth (15 cm), area (260 m2), volume (14 m3), and mass (11 MT)

of sediment in the pond, and assuming reasonable ranges of length

of record (7 to 9 years), watershed sediment delivery ratio (0.40

to 0.75), and sediment trap efficiency (Brune, 1953) of the pond

(0.10 to 0. 90), estimates ranging from 0. 06 to 1.6 MT/ha/yr are

obtained.

This post-1971 estimate for WCS35 is substantially lower

than that obtained for the post-1954 period in watersheds E4F2

and WCS7. The difference could be due to different erosion

regimes on the different watersheds, but it is not readily apparent,

from .land uses and watershed morphologies that large differences

in erosion potential and erosion rate should exist. A more likely

explanation lies in the fact that in the 1971 to 1979 period there
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were few large, highly erosive storms. In contrast, the 1954 to

1971 period included at least three storms, in January 1956,

February 1961, and. December 1964, that were documented as

having caused severe erosion on Willamette Valley farmlands

(Torbitt and Sternes, 1956; Sternes, 1961, 1964; Baum and Kaiser,

1965). The "record" of these three storms would be apparent in

estimates of post-1954 erosion for E4F2 and WCS7, but not in

estimates of post-1971 erosion for WCS35.

A Gravimetric Approach

Rationale. A second means of estimating erosion rates is to

disregard depth of accumulation of 137Cs activity in depositional

sites and instead to rely on differences in 137Cs concentration be-

tween depositional and upland sites. The apparent depletion of 137Cs

in the uplands is used together with the average 137 Cs activity per

unit weight of surface soil in the uplands to obtain an estimate of

soil loss. Volume of sediment in depositional zones is not consid-

ered, so this "gravimetric" avenue of estimation differs markedly

from the "volumetric" technique.

Also, the gravimetric technique can be used to estimate both

total input of fallout 137 Cs to the watershed and average depth of

sediment accumulation in depositional zones. The latter estimate
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can then be compared with observed depth of occurrence of 137Cs in

depositional areas as a check on the validity of the approach.

Assumptions. In addition to the assumptions listed in the Objec-

tive and Basic Assumptions section, three other assumptions must be

made in a gravimetric estimation. As with the volumetric method,

each of these three assumptions involves the selection of both high and

low values for a particular parameter to ensure that the resulting esti-

mates represent the range of possible values. The parameters are:

(i) Length of record. The earliest fallout input occurred in early

1954. Samples for this study were collected in large part in mid-1978,

so a maximum of about 24 years of erosion history is "recorded" in
137 Cs signatures at the watershed. On the other hand, 137Cs has been

added to the watershed continuously, at varying rates, over this 24

year period (Table 3). Erosion that occurred in the 1950's, for

example, would not be reflected in that component of the 137 Cs signa-

ture that arrived from fallout in the 1960's and 1970's. However,

about 80% of the total fallout 137Cs had arrived on the watershed by

the end of 1964. Annual inputs since that year have been low. It is

assumed therefore that the erosion record evident in 137Cs signatures

in 1978 is at least 14 years in length. Thus a range of lengths of

record of 14 to 24 years is established for use in gravimetric estima-

tion of erosion rate (Tables 11 and 13).
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(ii) Watershed sediment delivery ratio. As in the volumetric

approach, delivery ratios for watershed E4F2 are assumed to fall

in the range of 0.55 to 0.75 (Tables 11 and 12). For watershed.

WCS7 they are assumed to fall in the range of 0.45 to 0.75 (Tables

13 and 14).

(iii) Average surface soil bulk density in depositional areas.

As with the bulk density estimates used in the volumetric approach,

a range of 1.25 to 1.33 g/cm3 is used to represent the possible sur-

face soil bulk densities in footslopes (Tables 13 and 14). A range

of 1.13 to 1.20 g/cm 3 is taken as representing possible surface soil

bulk densities in the fan (Table 14).

Measurements of 137 Cs Activity.. In addition to the assumed

ranges in length of record, sediment delivery ratio, and surface soil

bulk density, the gravimetric approach requires that actual measure-

ments be taken of 137Cs activity per unit land area in uplands and

in depositional areas (Tables 11-14). To estimate erosion rates

using this technique, one also must know the average 137 Cs activity

per unit weight of surface soil in the uplands (Tables 11 and 13). To

estimate depth of accumulation of sediment in depositional areas,

the average 137Cs activity per unit weight of surface soil in these
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zones must be known as well (Tables 12 and 14).

In addition to measurements of 137Cs activity, the gravi-

metric approach requires a knowledge of the sizes of the areas

that the footslopes, fan, and uplands occupy. As with the volumet-

ric approach, pacing was done as appropriate to determine the

dimensions of the footslopes and fan.

Method of Estimation. The area of the footslopes and fans are

calculated using the dimensions derived through pacing. The foot-

slope area is multiplied by 6/8 to account for the observation that

only six of eight footslope sites sampled are truly depositional based

on
137Cs signature. The area of uplands (sideslopes plus ridgetops)

is computed by subtracting the sum of footslope, fan, and stream

channelway areas from the total watershed area.

Total 137Cs activity present in the depositional zone is corn-

puted by multiplying the average areal activity in the zone (Tables

11 and 13) by the area of the zone. Similarly, total 137Cs activity

present in the uplands is computed by multiplying the average

areal activity in the uplands (Tables 11 and 13) by the area of the

uplands.

It is assumed that, had there been no rzdistribution of 137Cs

and sediment over the period of fallout input, the current areal

concentration of 137Cs would be uniform over the watershed. The



115

magnitude of this "initial" level of activity, i, e. the areal 137 Cs

activity that would exist had no erosion/deposition taken place, is

not known. But it must be somewhat higher than the current level of

activity in upland zones and somewhat lower than the current level of

activity in depositional zones. Applying elementary algebra to the

assumed and measured parameters of Tables 11 through 14, it is

possible to estimate input of 137 Cs activity, post-1954 erosion rates,

and average thickness of sediment accumulation. The following is an

example of the calculations required to obtain the low estimates of

137Cs input and erosion rate, and the high estimate of sediment ac-

cumulation, for watershed E4F2 (Tables 11 and 12).

Areas:

0. 28 ha = area of depositional zone (footslopes)

5.6 ha = area of upland. zone (sideslopes and ridgetops)

Activities per unit area:

12.5 pCi/cm2 = ave. 137 Cs activity in depositional zone

8.3 pCi/cm2 = ave. 137Cs activity in uplands

Let X = ave. 137 Cs activity (pCi/cm2) across water-

shed if no redistribution had occurred
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Total activities in depositional and upland zones:

X x 0. 28 ha = 0. 28X x 108 cm 2 = total "initial" activity (pCi)

in depositional. zone

X x 5. 6 ha = 5. 6X x 108 cm 2 = total "initial" activity (pCi)

in uplands

12.5 pCi/cm2 x 0. 28 ha = 3. 5 x 10 8 pCi = total current activity

in depositional zone

8.3 pCi/cm 2 x 5. 6 ha = 4.65 x 10 9 pCi = total current activity

in uplands

Watershed sediment delivery ratio:

0.55 = proportion of sediment from uplands that departs

watershed (delivery ratio)

0.45 = proportion of sediment from uplands that currently

resides in depositional zones on watershed (1-0. 55)

Depletion and accumulation of 137 Cs activity:

5. 6X x 108 cm2 - 4. 65 x 109 pCi = total depletion of 137Cs

activity in uplands, below

"initial" level



117

0.45 (5. 6X x 108 cm 2 - 4.65 x 10' pCi) = amount of 137Cs activity

3. 5 x 108 pCi - 0. 28X x 108 cm 2 =

removed from uplands that

currently resides in

depositional zones

total accumulation of

137Cs activity in deposi-

tional zones, over and

above "initial" level

Since

Amount of 137Cs activity
removed from uplands
that currently resides
in depositional zones

Total accumulation of 137Cs

activity in depositional zones,
over and above "initial" level

the last two expressions can be set equal, and the resulting equation

solved for X:

0.45(5. 6Xx108cm 2-4.65 x 10 9pCi) = 3.5 x 108pCi - 0. 28X x 108cm2

2. 52X x 108 cm2 - 2. 09 x 109 pCi = 3.5 x 10 8pCi - 0. 28X x 10 8cm 2

2. 8X x 108 cm2 = 2.44 x 109 pCi

X = 2.44 x 109 pCi/2. 8 x 108 cm2

X = 8.7 pCi/cm2

This number, 8.7 pCi/cm2, is an estimate of the areal 137Cs

activity that would exist on the watershed had no redistribution

137 Cs taken place (Table 12).

of
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An estimate of erosion rate in upland areas is obtained by

first computing the estimated depletion of 137Cs activity in the

uplands:

8.7 pCi/cm2 - 8.3 pCi/cm2 = 0.4 pCi/cm2.

The average concentration of 137Cs per unit weight of topsoil in

uplands is 0.29 pCi/g. Therefore, the estimated depletion of top-

soil by erosion over the period of record is

(0.4 pCi/cm2) x (1 g/0. 29 pCi) = 1.4 g/cm2 = 1.4 x 102 MT/ha.

Assuming a 24 year period of record, the estimated average soil

loss over the period of fallout input is

140 MT/ha/24 yr = 5. 8 MT/ha/yr.

This is the low estimate of erosion rate on watershed. E4F2

(Table 11).

An estimate of average depth of sediment accumulation in

depositional zones (Table 12) is obtained using the total accumula-

tion of 137Cs activity in footslopes, the topsoil bulk density in

footslopes, and the 137Cs activity per unit weight in footslopes,

as follows:

Estimated accumulation of 137 Cs activity in footslopes is

12.5 pCi/cm2 - 8. 7 pCi/cm2 = 3. 8 pCi/cm2.

With an estimated bulk density of 1.25 g/cm3, and average 137C s

activity in topsoil of 0.4 pCi/g, the thickness of accumulated
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sediment is

(3.8 pCi/cm2) x (1 cm3/1. 25 g) x (1 g/0.4 pCi) = 7.6 cm.

This value, 7.6 cm, appears as the high estimate of depth of sedi-

ment in Table 12.

Estimates of Soil Loss Using the Gravimetric Approach. The

gravimetric estimate of soil loss for watershed E4F2 ranges from

5.8 to 17.2 MT/ha/yr (Table 11). The estimate for WCS7 ranges

from 8.3 to 27. 0 MT/ha/yr (Table 13). As in the volumetric calcula-

tions, erosion estimates are higher for WCS7 than for E4F2. Part

of the explanation for this seems to lie in the fact that more of

watershed WCS7 is depositional than is the case for watershed E4F2.

This causes soil loss estimates in uplands to be averaged over a

smaller proportion of watershed WCS7 than of E4F2. Where adjust-

ments are not made in delivery ratios to account for such differences

in watershed geometry, both gravimetric and volumetric soil loss

estimates tend to be a function of this shift in relative proportions

of depositional and upland areas.

Estimates of Sediment Accumulation Using the Gravimetric

Approach.. The estimated average sediment accumulation in deposi-

tional areas of E4F2 ranges from 6.6 to 7.6 cm (Table 12). In WCS7

it ranges from 6.4 to 7. 9 cm (Table 14).
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Estimates of Fallout Input Using the Gravimetric Approach.

Tables 12 and 14 give estimated fallout input of 137Cs activity. For

watershed E4F2 the estimated fallout input ranges from 8.7 to 9. 0

pCi/cm2. For watershed WCS7 it ranges from 8.9 to 9.4 pCi/cm 2.

These estimates, which fall closely around a rough average of

9pCi/cm 2otinput, are lower than the estimate of about 11 pCi/cm2

obtained by adjusting measured fallout levels (Table 3).

The estimate from fallout records (Table 3) is based on 90Sr

fallout data collected at Seattle and New York City. Adjustment

of such data to obtain an estimate of 137Cs fallout in the western

Willamette Valley involved converting 90Sr levels to 137 Cs levels

and adjusting for differences in rainfall between Seattle and Dallas,

OR. Considering the roughness of this estimate (11 pCi/cm 2) it

comes very close to the estimate (9 pCi/cm2) obtained using the

gravirnetric approach.

The closeness of these two estimates is even more striking

when one considers that the estimate obtained via the gravimetric

approach is probably below the actual fallout input. It is likely that

small quantities of 137 Cs have been removed from the land both by

direct runoff in storms and by crop removal.
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Comparison of Soil Loss Estimates by Volumetric
and Gravimetric Approaches

Soil loss estimates tend to be higher by the gravimetric

approach (6 to 27 MT/ha/yr) than by the volumetric approach

(3 to 14 MT/ha/yr) (Tables 11 and 13).

The volumetric approach involves a simple estimate of

volume of sediment in depositional areas. No measure of total

137Cs activity in upland areas is used. The gravimetric approach,

by contrast, relies heavily on measured average 137 Cs activity per

unit land area in both depositional and upland zones. Herein may lie

one reason that gravimetric estimates are generally higher than

volumetric estimates.

The transects along which samples were taken in watershed

WCS7 traverse the steepest parts of the watershed (Fig. 10 and 11).

In the eastern end of the watershed, slopes are gentler and there

probably is a somewhat lower erosion rate. The measured 137 Cs

activities in the steeper landscape are taken as representing the

entire upland area, when in fact a large portion of the watershed has

more gentle relief than the transects sampled. Consequently, ero-

sion estimates by the gravimetric method may be slightly too high.

Considering the possibility of such bias and the general

crudeness of both methods of estimation, the results obtained by
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the two different methods are quite similar. Volumetric and gravi-

metric estimates overlap in the range of 6 to 14 MT/ha/yr, and the

range obtained by the gravimetric method (6 to 27 MT/ha/yr)

includes most of the range obtained volumetrically (3 to 14

MT/ha/yr).

Further evidence that these erosion estimates are in accord

with each other is found in the estimated average depth of sediment

accumulation. Estimates obtained gravimetrically range from 6.4

to 7. 9 cm. The observed depth distributions of 137Cs in footslopes

indicate that deepest sediment thickness is in the 10 to 15 cm range

(Tables 11 and 13). The latter range represents the deepest sedi-

ment accumulation in the footslopes, so the average sediment

accumulation would be lower, in the 5 to 7.5 cm range. This

range, based on observed 137 Cs depth distributions, is very close

to that estimated gravimetrically (6.4 to 7. 9 cm). The gravimetric

and volumetric approaches do seem, therefore, to serve as checks

on each other.

Imprecision seems to be the worst pitfall in these estimations.

The total range of estimated rates of soil loss is an order of magni-

tude in size (3 to 27 MT/ha/yr) (Tables 11 and 13). The range for

each method (3 to 14 MT/ha/yr, and 6 to 27 MT/ha/yr for volumet-

ric and gravimetric method; respectively), represents a factor of
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about five. Precision is low, therefore, in both gravimetric and

volumetric estimation. Furthermore, the writer cannot distinguish

which of the two means of estimation is the more accurate.

One lesson to be learned from this effort is that the use of
137 Cs as a quantitative indicator of erosion rates in cultivated land

is imprecise and risky. The estimated erosion rates in Tables 11

and 13 should be viewed and used with an understanding of the

assumptions made and the great imprecision involved.

With these caveats in mind, the results do provide compelling

evidence that rates of soil loss under modern agricultural practice

in watershed E4F2 and WCS7 are high enough to warrant concern.

Soil conservationists normally think of maximum tolerable soil

loss rates as being in the 4.5 to 11 MT/ha/yr range (Wischmeier

and. Smith, 1978). This study indicates that erosion rates within

and possibly above this range have existed since 1954 in at least

some parts of the hilly western Willamette Valley. Establishment

and maintenance of erosion control measures would reduce soil

loss and help to guarantee the land's continued, usefulness for agri-

culture.
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SUMMARY AND CONCLUSIONS

Cesium-137 signatures of sideslopes and those of ridgetops

at Elkins Road are indistinguishable from each other. The inability

to demonstrate that sideslopes are more eroded than ridgetops

seems to be a function of (i) a tendency for runoff and erosion to

occur to some degree in all parts of both sideslopes and ridgetops

in the most severe storms, (ii) a damping effect from the mold-

board plow, which turns down 137Cs-tagged surface soil and makes

it less available for erosion than it would be with no plowing, (iii) a

lack, during the 21 year period of fallout input, of erosion severe

enough to strip preferentially the topsoil of sideslopes, and (iiii) con-

tinued addition of fallout 137Cs to all parts of the landscape, up to the

time of sampling.

Depositional zones, particularly footslopes and alluvial fans,

in contrast with both sideslopes and ridgetops, tend to have 137 Cs

signatures reflecting a depositional environment. An overthickening

of the 137Cs profile and a high total content of 137Cs are both com-

mon in depositional sites. Average total 137 Cs activity in deposi-

tional sites is about 12 pCi/cm 2. In sideslopes and ridgetops it is

about 8 pCi/cm
2.

Concave footslcpes at the bases of adjacent sideslopes are

important zones of sediment storage. These areas collect much of
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the eroded material from adjacent uplands. This sediment is then

available for re-entrainment during subsequent storms. Two of eight

footslopes sampled have 137Cs signatures that do not reflect deposi-

tion, suggesting the dynamic nature of the erosion/deposition envi-

ronment in footslopes.

The two alluvial fans sampled have strongly depositional 137Cs

signatures, but contain much less post-1954 sediment than do

upstream footslopes. The two floodplain sites have not experienced

net detectable deposition over the period of fallout, which is indica-

tive of a diffuse, thin spreading of sediment in the wide floodplain

zone. Sites in the eight year old pond are marginally to strongly

depositional, but erosion calculations stemming from the pond mea-

surements suggest that only slight erosion has occurred in upland

areas during the 1970's.

Twenty-two to twenty-four year erosion rates estimated by a

volumetric technique ranged from 3 to 14 MT/ha/yr. Fourteen to

twenty-four year erosion rates estimated by a gravimetric technique

ranged from 6 to 27 MT/ha/yr. Imprecision in these estimates is

great. Estimates of the length of record are tenuous, as are the

assumed sediment delivery ratios of the watersheds studied.

Nevertheless, it can be stated with confidence that modern

erosion rates in these lands, while not spectacular, have been
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great enough to warrant concern. Establishment of suitable

erosion control practices is recommended.
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