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ABSTRACT

This report covers progress made on a soil movement study being con-
ducted at the Pawnee Site, A method involving beta attenuation was deve |l oped
and employed. From initial investigation, this method gives sensitive
measurements of both erosion and deposition of soil and litter over a period
of a few weeks. Data recorded on 265 field plots are summarized in tables,
Future plans include continuing observation on field plots and laborataory
studles to solve minor problems with the beta attenuation method as well as

those assocliated with a proposed cesium tag concept.



INTRODUCT ION

The objective of this research has been to develop and put into practice
a method for measuring soil movement in a grassland ecosystem.

Initial efforts involved fallout cesium-137 as a soil particle tag.

By relating the depth to which this isotope occurred in the sojl profile to
the duration the nuclide has been in the environment, it was anticipated
that an estimate of soil accumulation could be obtained. Problems have been
encountered in the application of this concept and at the present time,
laboratory studies are being conducted in an attempt to overcome these
problems .,

In conjunction with our objective, we have developed and employed a
method of measuring soil movement by beta attenuation. Initial investi-
gations indicate that this method allows the detection of both soil erasion
and accurulation, over a perfod of a few weeks, and in amounts considerably

less than one millimeter in depth,
METHODS AND MATERIALS

The basic principle involved in the beta attenuation method is illus-
trated in Fig. 1. As soil, or litter, measured in milligrams per square
centimeter is deposited over a buried radiocactive source, a decrease in
count rate is observed using a portable GM (Geiger-Mueller) survey meter;
removal of material yields an increased count rate. Field data, in counts
per minute, can then be related to the calibration curve (Fig. 1), and soil
Fluctuations can be determined, Fig. 1 is the graphical presentation of

data taken using machined aluminum absorbers in the laboratory; however,

identical results were obtained using a variety of soils and litter. In
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Fig. 1. Absorption of beta particles from a EmlSr-gu‘r source in
aluminum absorbers.



this figure, 100 mgft:.m2 is eguivalent to approximately one millimeter of
soll depth,

The radiocactive source used was strontium-90 because it decays to
Yttrium=-90 which emits a 2,27 MeV beta particle which is of sufficient energy
to enable one to detect reasonable differences in soil fluctuations. The
30-year half life of this isotope allows the continuation of investigation
over a considerable period of time without need to replace the source.

Fig. 2 illustrates field use of the beta attenuation method., A& 0.5
microcurie aliquot of strontium-390 in liquid form was placed in a notch
filed on a nail, allowed to dry, and then sealed with Krylon (commercial
name, Krylon, Inc.} and sllver spray enamel. The source was sealed on the
nail to prevent leaching of the isotope into surrounding soil. The radio-
actively tagged nall was then centered in a triangle formed by the arange
plot markers in such a manner that the radicactive notch is a few millimeters
below ground. The depth of the source is established by inserting the nail
until the count rate is approximately 20% of the initial count rate cbtained
with no soil over the source. By placing the nail in this manner, both soil
accumulation and removal can be determined from the usable portion of the
calibration curve, When soil builds up or is removed from over the source
to such a degree that the count rate is not on the mid-portion of the cali-
bration curve, the tagged nail is reset in the necessary direction. When
placing plots in the field, any standing vegetation that was between the
source and the detector window was clipped over an area about 2.5 cm in
diameter, while all litter was left in place. This was done to remove any
absorbance of beta particles by fixed material that was not directly subject

to movement by agents such as wind and water.
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The orange plot markers (Fig. 2) serve as legs for a portable tripod
that contains the GM probe used in counting. The markers were placed so as
to leave an open area to the northwest, as this is the direction of prevailing
winds, and it was assumed that this weuld eliminate any wind shadow that
might have been caused by the markers. The silver nail containing the source
was set at a 90° angle to the prevailing wind in an attempt to eliminate
any wind shadow effect of the nail itself. The source nail protrudes above
the ground only about 5 to 8 mm which presents a very small barrier relative
to microterrain variations and vegetation,

Counting is done with a GM probe attached to a portable Ludlum model
20-A scaler, The probe is encased in a tube on the tripod which is placed
over the radiocactive source with arms resting on the orange plot markers.

The source to window distance, which is constant for repeated measurements,
is approximately 5 cm. A three minute count is taken at each plot, In
conjunction with the plot count, a standard strontium-90 source and a back-
ground are counted periodically during the day when plots are counted to

assure reproducibility and reliability of the counting system.

Exparimental Design

A total of 265 plots were established in the summer grazing pastures
at the Pawnee Site in the Fall of 1970, Table 1 presents a scheme desigred
to assess the influence of grazing, season, and soil type on soil movement.
Table 2 represents an investigation being conducted in the moderate use
pasture to determine the effect of soil type and season on soil movement

within this pasture, To examine the influence of exposure on soil movement,



Table 1. Experimental design for between pasture soil movement investi-
gations at the Pawnee 5Site.

Between Pasture Soil Investigation
Shingle-
5 Ascalon Vona Undifferentiated Renchill Complex
Light: 55

Mod : 55 15 Observations/Cell

Heavy: 55

2 . 2 : .
(Units: Soil measured in g/m /unit time.)

Anova Table for Three-way Soil, Grazing, Season

Solrce O F.

Total 720

Hean

—

Soil Type

Grazing

Season

Soil Type = Grazing
Soll Type x Season

Grazing = Season

o2 o WD o R L

50il = Grazing x Season 1

Error 672




Table 2. Experimental design to investigate season and soil type influences
on soil movement in a moderately grazed pasture.

Moderate Use Pasture Investigation

Season
Spring Summer Fall Winter

Renohill

Manzanocla

Gravelly & Cobbly

Shingle 15 Observations/Cell

Ascalon

Vona

Undlfferentiated

Shingle-Renchill

Two-way Anova Soil Type and Season
Source b. F.
Total 120
Mean 1
Soil Type /
Season 3
Interaction 21

Error 88




four transects were established as indicated in Table 3. Further investi-
gations are being conducted on the ephemeral Lynn Lake, and on some of the
und| fferentiated sinks present in the study area.

In establishing the plots, sites were selected on the basis of similarity
of slope, exposure, and surrounding soil type. A detailed topographic map
was examined to determine possible sites, and field reconnaissance verified
the decisions. Plots are generally on a linear transect within a given soil
type. Distance between plots was dictated by transect length, which in turn
was dependent upon the spatial extent and shape of the soil type. Plots were
located on the transect by pacing the selected distance and casting the
tripod used in counting on the ground. The tripod landing site then became

the plot location.

RESULTS AND DISCUSSION

A limited amount of data have been collected to date, which are summar-
ized In Table 4, These type means are based on two observations taken during
September and November, 1970. These preliminary results seem sensible and
indicate that grazing or grazing related factors may influence soil movement
since movement is greater in the heavily grazed pasture. The Shingle-Renohill
soil complex appears the most unstable of the soils investigated as was
speculated by Franklin (1969). Lynn Lake, the bottom of which is covered
with erosion pavement in the fall, showed a net loss of soil while the
buffalograss (Buchloe dactyloides) covered sinks increased in soil content.

A high degree of variability existed along transects (Table 5). This
transect (shingle-penohill soil) begins on a wind blown east slope and

proceeds west. At plot 82, the vegetation is well established with little



Table 3. Experimental design to examine the effect of exposure on soijl

movement .

Effects of Exposure

Season

Spring

Summer Fall

Winter

Ascalon (Heavy Use)

Northeast
Southwest

Renchill (Moderate Use)

Northwest
Southeast

5 Observaticns/Cell
5 Observations/Cell

7 Observations/Cell
8 Observations/Cell
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Table 4. Net soil movement recorded during the fall of 1970 in light and
heavy summer grazed pastures,

Soil Movement (g;’mg,r’mmtha‘

Soll Type

Heavy Grazed Pasture

Light Grazed Pasture

Undifferentiated
Vona Loam
Shingle-Renchil]
Ascalon

Lynn Lake

Sinks

-17k
-100
-42
74
-166
250

225
BL
-0
77
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Table 5. Net soll movement recorded for Shingle-Renchill soil during the
fall of 1970 in a light grazed summer pasture,

Plot Number Soil Movement {mgfcmzj
76 55
77 - 60
78 -195
T - 50
0 - 10
81 = 15
82 25
83 10
By 15
85 25
Bb 0
87 15
BB - 20
89 - 30

30 - 10
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or no slope evident, Moving down the transect, the ground begins to 5 lope
to the north west and wind scour is evident in plots 87-90. A high degree
of micro-environmental variation between plots appears to considerably
influence soil movement data.

From initial cbservations, measurements of soil movement with the ajd
of beta attenuation appears promising. This method is cynamic, al lowing
measurement of both deposition and removal of soil in small gquantities over
short periods of time, The only disturbance to the study area is the
initial establishment of plots, which once placed, are guite unobtrusive.

Monetary investment per plot is low as the only materials involved are
four nalls, paint, and the radicisotope.

Problems, which appear minor, have arisen with this method. Soil
moisture alters the count rate significantly and at present all data have
been adjusted to allow for moisture, This adjustment is complicated by
non-uniform distribution of moisture in the soil. Investigations are
being undertaken in an attempt to calibrate for moisture, or to pre-dry
plots prior to counting. Counting may need to be restricted to periods
when surface soil is dry, Plot markers have been observed to trap litter
creating an artificial situation. |In these cases, the data have been
discarded and the litter removed. Disturbance of plots by livestock has
been observed and again the data have been discarded and the plot re-
established. Over a three month period when cattle were present in the
pastures, only 1% of the plots were disturbed.

Future plans include further investigations of problems involved in the

beta attenuation method coupled with continuing study of the cesium-137 tag



o |

method. It is hoped that application of both methods will provide an
eventual check of figures for soil movement. Continued readings will be
made on the fleld plots to establish patterns of scil movement and to evaluate

varliables associated with the movement.
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APPENDI X I
FIELD DATA
Soil Movement Data
5oil movement data collected in 1970 at the Pawnee Site is Grassland
Biome Data Set A2U70BB. The data set containes data in three formats which

are described below. Following this description is a listing of the data.

Format 1 (Plot Data)

Columns Contents

=3 Plot Number

L-g Month

6-7 Day

B-11 Year

12-15 Time (24 hour clock)
16-18 Time Zane (MDT or MST)
19-25 Observed Counts

26-28 Counting Time (minutes)
29 Background Identifier
i0 Standard ldentifier

31-50 Remarks



Format 2

Columns

1-3

4

5-6
7-8
9-12
13-16
17-19
20-26
27-29
30-439

Format 3
Columns
1
2-3
h-5
6-9
10-13
14-16
17-23
24-26

27-46

-16_

(Standard Calibration Data)

Contents

The Letters STD
Standard ldentifier
Month

Day

Year

Time (24 hour clock)
Time Zone (MDT or MST)
Observed Counts
Counting Time (minutes)

Remarks

(Background Calibration Data)

Contents

Background ldentifier
Menth

Day

Year

Time (24 hour clock)
Time Zone (MDT or MST)
Observed Counts
Counting Time (minutes)

Remarks



123456T7R901234567R9012345ATRO01234567R901234567RA901234567AR9

O 0 =4 O N B ) Y e

91713701000MDT
91719701010MDT
917139701015MDT
1719701020MDT
1713701025M0DT
F1T719701030MDT
S1719701035MDT
S1719701040MDT
91719701046MDT
S1719701100MDT
S1719701107MDT
Ql7T13701111MDT
S17139701117MDT
91719701123mMDT
31719701129MDT
91719701 140MDT
S1719701145MDT
S1713701150MDT

3] 171970122907
32781719701 233MDT

33
34
35
36
37
38
39
40
41
42
43
44
45
19
20
21
22
23
24
25
26
27
28
29

S1719701237MDT
1719701242407
91719701246MDT
91719701251MDT
917139701 255MDT
1719701300MNDT
S1719701306MDT
Q1719701314uDT
91719701335MDT
1719701 340MDT
91719701345MDT
1719701350MNT
91713701355MDT
91719701400MDT
91719701405MDT
91713701409MDT
91719701413MDT
91719701417MDT
17197014210 T
Q1T19701425MNT
1T719701429MDT
9171970143307
S1T71970143TMDT
B1719701440MDT

30, 1719701445MDT

46

917197015115MDT

2

1343
1968R
A49R
12862
18071
4967
3891
F45R
2117

B4l
3950
7259
5071
B209
3377
553]
11434
S57AR
5282
SA01
1060
25813
2249
2BT4
33ln
BNAG
B45?
5040
BR?2A3
1307
454 2
12760
R&AA

330
1776
3575
6455
10139
TR27
15754
14316
5850
240R
TOABS
6211
R1A2

3

311
311
11
311
311
11
311
a1l
il
311
311
i1l
311
a1l
311
311
11
11
g2
arz2
122
L
322
322
ize
iz?
322
22
32z
ir?
322
izz2
372¢
3z2
322
322
iz22
322
a2
322
ize
322
322
322
ire
3z2e

L

_]?_

FTFLD DATA

&4

LK X 3

5

& 7 ]
N1234567890123456TR90



47
48

1718701540M0DT
91719701545MDT

@S 1719701550MDT
50 81719701555MNT

51
52
54
55

56
57
58
59
60
53
61
62
63
64
65
66
67
68
69
70
71
72
73
T4

91719701600MNT
Q1719701604MDT
9171970161 7MNT
91719701626MDT
91719701640MDT
91719701645MDT
91719701649MDT
91719701655MNT
91719701700MDT
91819700815MDT
91819700829MDT
91819700833MDT
9181970n837MNT
91B19700842MNT
91819700846MDT
S1R19700850MNT
Q1R197008R55MDT
91B19700900MNT
91R197009N5MNT
Q1R19700909MNOT
91819700913MNT
91819700917MDT
91R819700921MDT
91R19700925MNDT

T8 _41819700930M0OT

T6
77
78
79
B0
al
Az
B3
B4
91
92
93
94
95
96
97
SR
99
100
101
102
103
104
105

91819700958MNT
91819701002MDT
91819701006MNT
91819701010MDT
91819701015MNT
91819701020MDT
91819701024MNT
91819701028MDT
91819701032MDT
91819701426MDT
S1819701430MNDT
918197014 35MDT
91819701439MDT
91819701444MDT
91819701447MDT
91819701451MDT
91819701455MDT
91819701500MNT
91819701504MNT
91819701508MDT
91819701512MNT
91819701516MNT
91R19701521MDT
91819701525MNT

e

39A0
4244
4876
10674
5547
12160
4A1AR
T9A2
13354
Tabk
4417
7271
4A/93
4574
4294
5602
31459
Tala
60813
6528
13208
AZ25R
30 T4
154473
5097
1158158
A4S
2739
10R26
31A5
9267
4AaT1
5701
145AR
5103
4RNT
3941
6796
15120
1&6TAED
1954A
23RG2
4950
5R36
5319
10264/
10340
6821
5965
1R8A13
4596
6110
12464

-13_

322
322
327
12?7
ir2
gV
P2
122
I22PESET NRANRE SPIKFS
22
322
izz2
327
311
311
311
311
311
311
311
311
111
311
311
ERN
a1l
311
311
311
111
11
311
311
311
311
11
311
311
ig2
327
PP
22
22
ir?
32
R
k!
133
333
333
333
333
IIIRFSFET STLVFR MAT|



STOL__ 91719700945MDT
STDZ 917197n01200MDT
STD1 91B19700800MDT
STD2 F1819701140MDT
STD3 91R19701535MNT
STN1 92119700745M0T
STD2 92119701320M0T
BS 91819701036MDT
B6 91819701040MDT
B7 91819701045MNT
8B 91819701049MNT
B9 9Q18197010S3MDT
S0 91819701100MNDT
116 9181970111 7MDT
117 91819701124M0T
118 91819701128MNT
119 91813701132MDT
120 91813701136M0T
111 918137013n9MDT
112 9I819701325MNT
113 91813701330MDT
114 91813701334M0T
115 91819701340MDT
106 91819701353MDT
107 91B19701357M0DT
108 "1819701401MDT
10%..1819701405MNT
110 91819701410MDT
121 Q2119700ARN2MDT
122 92199700806MDT
123 92119700810MDT
124 92119700B15SMDT
125 92119700819MDT
126 92119700R824MDT
127 92119700R28MDT
128 92119700832MN0T
129 92119T7008B36MDT
130 92119700B40MDT
131 92119700844MNT
132 92115700B48MDT
133 92119700852MDT
134 92119700B56MDT
135 Q2115700900MDT
136 S9211970090SMDT
137 92119700909MDT
138 S2119700913MDT
139 9211970091 7MNT
140 92119700921M0T
41 92119700925MDT
42 [92119700929MDT
|43 921197009233MDT
|44, 2119700937M0T
|45 2119700940MDT

27395
26686
27100
27060
26547
26714
26176
6706
9988
7933
7473
A597
2122
11694
18747
063
3738
5667
4795
1939
38473
AL6]
3639
11266
3979
11925
3l65
12694
17290
12415
6390
394173
3RA3
6367
1292
6415
4572
4212
90513
T3R2
3498
448A
8777
6l4s
7212
8606
3A36
4441
Bl44
7818
6765
4777
13013

_‘IH_

11
iz2
322
127
3ze?
ife
iz2
iz
322
izz2
322
A2e
are
3r2
127
ir2
izz
aze
3z2
azz
322
311CLNUDY nay
ill
111
311
ill
311
i1l
11
11
11
311
311
3l
111
11
311
311
311
311
ER D
11
311
311
31l
i1l



146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
166
167
168
169
170
171
172
173
174
175
176

2119700944MNDT

2113700948MDT
92119700952MDT
92119700956MNDT
92119701000MDT
92119701006MDT
92119701010MDT
92113701015MDT
92119701019MDT
92113701023M0DT
92119701048MDT
92113701044MDT
92119701040MDT
92119701036MDT
92113701032MDT
92113701052MDT
92119701056MDT
92119701100MDT
92119701104MDT
92119701108BMDT
92119701112MDT
92119701117MDT
92119701121mMDT
92119701125MDT
92119701130MDT
92119701134MDT

177_2119701138MDT

178
179
180
161
162
163
164
165

9211370114207
92119701146MDT
92113701150MDT
92113701300MDT
92119701305MNT
92119701309MDT
92119701313MDT
92119701317MDT

Py o= Ll P = Ty

STD3 93019701A10MDT

S81719700945uDT
91719701200MDT
Q1RA13T700B00OMDT
91R19701140MDT
S1A19701535MDT
92119700745MDT
92119701320MDT

257
258
259
260
261
262
263

93019701442MDT
93019701447MDT
930139701451MDT
93019701455MDT
93019701459MDT
93019701504M0T
93019701508MDT

1nRAS3
12197
6372
5536
7128
7704
1180
6750
3382
7612
9755
2564RA
4122
13841
10435
7199
4380
7071
RZ013
7572
7611
3249
9182
AL445
2R&2
TAS55
7014
6915
Bz233a
6150
6264
6564
4790
T456
7312
182
205
215
201
210
226
211
260R0
6519
4160
29913
713
4945
1623
5767

ol L lad L e Ll

a1l
311
311
311
311
ER D
ER D
311
311
311
311
311
311
ill
311
KRN
311
jz2z2
izz
322
irz2
322
32¢
322
3ee
3z2e
322
322
322
ir2
a2z
322
122
3z2
22

iz2
3z2
322
iz2
iz2
22
iz2
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264

3019701512mMDT

265°93019701516MDT

251
245
24tk
247
213
Z2la
215
2lé
217
218
219
220
206
207
208
209
210
211
21z
221
2ee
223
224
225

93019701525MDT
93013701535MDT
93019701539MDT
93013701543MDT
93019701555MDT
93019701602MDT
93019701606MDT
93013701610MNT
93019701614MDT
93019701618MNDT
93019701622MDT
93013701626MDT
93019701633MDT
83019701637MDT
93013701/A41MDT
93019701645MNT
93013701649MDT
93019701651MDT
93019701655MDT
93013701703M0T
93013701707MDT
93019701711MDT
93019701715M0T
93019701719MDT

22€_3019701722MDT

227
278
229
230
231
232
£33
234
235

93019701 726MDT
93019701730M0T
93019701733MDT
93019701737MDT
93019701740MDT
93019701744MDT
93019701747MDT
Q3019701751MDT
83019701755MNT

2 93n19701240MDT
1 93019701010MDT

STD1 93019701015MDT
STD? S3019701245MDT

3 93019701R00MDT

2200
L4477
5128
3167
2570
4310
21317
9011
43R
1n10A
B205
611R
Ag12
5166
E2R4
3503
2550
12A31
13215
1601
RS29
7714
2R70
3929
Agn
15945
5395
7060
3930
4262
S9A0
5047
2762
31515
5622
99AA
213 13
224 3
26910
26098
198 3

_.21_

3z2
322
322
322
g2
322
333
3I30ESET NRANGE SPIKE
3313
3313
331
333
333
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333
333
333
333
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333
333
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333
133
332
333
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