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Abstract:
A tentative standard laboratory erosion test was developed which can be used to determine the relative
credibility of fine grained soils.

Eighteen fine grained soils, most of them taken from steep forested slopes of southwestern Montana
and north central Idaho, were subjected to laboratory erosion tests. The results of the laboratory tests
correlated well with physical soil properties which have been shown to be good erosion indicators
based on observed field erosion.

It is believed that the laboratory erosion test, in which actual erosion is measured under standard
conditions, is superior to any indirect erosion indicator as a means of classifying soils with respect to
their potential susceptibility to erosion.

The laboratory erosion apparatus is also believed to have potential usefulness as an aid in solving
specific erosion problems at specific sites. It is easily adjustable in regard to slope, stream size, and soil
treatment, which makes it a versatile experimental tool for studying the extent to which various soil
treatments might affect erosion.
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ABSTEACT

~ A tentative standard laberatory erosion test was de-
veloped which can be used to determine the relative erodibility
of fine grained soils.

Eighteen fine grained soils, most of them taken from
steep forested slopes of southwestern Montana and north central
Idaho, were subjected to laboratory erosion tests. The results
of the laboratory tests correlated well with physical soil
properties which have been shown to be good er031on indicators
based on observed fleld erosion. .

It is belleved that the laboratory erosion test, in
which actual erosion is measured under standard condltlonsg is
superior to any indirect erosion indicator as a means of class=-
1fy1ng soils with respect to their potential susceptibility to

- erosion.

The laboratory erosion apparatus is also believed to have
potential usefulness as an aid in solving specific erosion prob-
lems at specific sites. It is easily adjustable in regard to.
slope, stream size, and soil treatment, which makes it a versa~
tile experimental tool for studying the extent to which various
soil treatments might affect erosion.




CHAPTER I
INTROBUCTION
PROBLEM

At present, there is a lack of sufficient reliable
fundamental knowledge of soil erodibility to enable engineers
to make a reasonably accurate prediction‘of the erosion which
would result from a particular land use operation at a specific
site. Numerous studies have been made of the erodibility of
soils, but the results; in general, appear to be applicable
only to soils -and - sites which -are similar, if not identical in
all respects, to those considered in the studies.

This points to the need of a simple soil erodibility
classification system which could be used as a guide in land
use and road construction on all types of soil. Present soil
- classification systems such as the AASHO and Unified systems
are not suitable as a means of classifying soils with respect
to their potential erodibility because soils within the same
group classification can and sometimes do exhibit highly dif;
ferent erodibilities. " Also, some soils which fall under dif-
ferent classifications show essentially the same erodibility:
OBJECTIVE

The primary objective of this spudy was to develop a
tentative standard laboratory erosion test which would measure

‘the relative erodibility of fine grained forest soils with spe-
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.cial applicability to bare disturbed soils on steep slopes. It
is hoped that the results of this test, or some similar test,
’will ultimately prove td be superior to indirect erosion ihdin
cators and beAaccepted as a standard general indicator of soil
erodibility.

The results of this test were correlated with measured
physical soil properﬁies which havé been shown to correlate well
with actual erosion as it occurs in the field. The correlation
compares favorably with the field COrreiation. This lends sup=
port to the assumption that this test, with some limitations,
will measure the actual potential erodibility of a soil. |

The laboratory erosion apparatus which was developed
may also prove to be useful as a tool to study the effects of
various soil treatments on the erodibility of a soil, and to
make possible an objective study of a particular soil when it
is exposed to the specific conditions which a proposed land use
would impose upon it. |

A BRIEF DESCRIPTION OF THE LABORATORY TEST METHOD

Very briefly, the erosion test procedure which was de=
veloped in the course of this research consists of first filling
a small steel channel level full with about fifteen pounds of
loose, air-dry soil which passes the No. 4 sieve, placing the
channel on a slope of 50%, applying a standard jet of water to
the soil near the upper end of the channel, and ééliecting the

runoff water and sediment as it comes off the lower end of the
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channel.

In the second phase of the test the soil is placed in

the channel at its optimum water content and compacted with a

compactive energy eqﬁal to that used in the standard AASHO com-
paction test. It is then tested in the same fashion as the air-
dry soil.

The proposed soil erodibility classification is then ex%
pressea as an Erosion Number, EN, which is equal %o 1/10 of the
weight, in grams, of the soil eroded from the compacted sample
during the first three minutes of runoff, plus 1/100 of the
weight of soil eroded from the loose, air-dry sample during the
first ﬁhree minutes of runoff.

A thorough search of the literature failed to reveal any
comparable soil erodibility classification system which is based

on direct measurements of erosion under standard conditions.




CHAPTER II
REVIEW OF LITERATURE

Soil erosion, defined as the carrying éway of soil parti-
cles from their place of rest or origin by the action of wind,
water, or gravity, has been recognized as a problem for many
years and has been the object of a considerable amount of re-
search.

It has generally been found that erosion by either.splash
action or overlénd flow is a function of a great number of vari=
ables which include rainfall intensity, slope, ground cover such
as vegetation and litter, physical properties of the soils,
slope aspect, location of the soil in terms of relation to ridge
top or creek bottem, rate of overland flowg.and numerous others,
It'appears that the variables investigated in various studies
were the ones which happened to be of particular interest to the
persons involved. It was found that many people have studied
the effects of slope and rate of overland flow or rainfall in-
tensity, but the lack of general agreement among the investi=
gators shows that little real progress of a fundamental unifying
nature has been made.

The results of the literature reviewed will be presented
by grouping the work into the following categories: 9rosioﬁ
indicators based on physical soil properties, erosion prediction

equations, and general observations.
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EROSION INDICATORS OK INDICES BASED ON PHYSICAL SOIL PROPERTIES
Middleton Cl5}l'discovered a definite relétionship be-

tween certain physical properties-of a soil and its erodibility.

His studies were done on a number of soils which contained large

amounts of fine sand, silt, and clay. The soils were classified

-as erosive or non-erosive by inspection in the field. Physical

properties of the soil were then investigated te ascertain which
property or combination of properties was a good indiecator of
erosion.,

Dispersion Ratio

He first developed a Dispersion Ratio which he defined as
the ratio'of the percentage of silt and clay observed in a non-
dispersed sample to-the percentage of silt and clay as deter-
mined by the stapdard hydrometer énélysism The silt and clay
fractién-observed in the non-dispersed sample was determined as
follows: |

"Ly sample of air-dry soil equivalent to
10 grams of ovem-dry seil was placed in
a tall cylinder of approximately 1200
cubic centimeter capacity fitted with a
rubber stopper. Sufficient distilled
water was added to make the volume a
liter. The cylinder was closed with the
™~ stopper and was shaken end over end twenty
times. The suspension was then allowed to
settle until a 25 cubic centimeter sample
which was pipetted at a depth of 30 centi-
meters consisted of particles of a maxi-
mum diameter of 0.05 mm. A metal tip
placed on the end of the pipette with six

lNumbers in parentheses refer to references listed under
LITERATURE CITED.
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radial No. 80 drill holes was used;
through 1t liquid was drawn from the
side rather than from directly under the
pipette. From the dry weight of the
pipetted fraction, the total weight of
811t and clay in the suspension was cal-
culated...™ {15) ;

In theory, this silt and clay is the fraction of silt
and clay which is hot aggregated or which is easily slaked.,

Silt énd clay particles which are aggregated and are therefore
larger in size than the individual silt or clay particles are
more diffieult to bring into suspension. Thus, the greater the
ﬁercéntage obtained iﬁ the non-dispersed tést, the“easier it is
to get the silt and clay panticles_intd suspension. .Thereforeg
as the dispersion'ratio increases, the erodibility increases.

He also observed that as the ratio of colloid to moisture
equivalent decreases, the,erodibility inereases, (Colloid is thé
fraction of the sample which is finer than 0.001 mm., and the
moisﬁure equivalent is defined as the maximum percent of moist-
ure which a soll can retain in oppoéition to é cehtfifugal
‘forcé of lOOO‘timeé the force of gravify. The two‘rétios, which
vary inversely,‘were qombinéd to giﬁe an erésion ratib by divid—‘
ing the dispersion ratio by the patio of colloid to moisture
‘equivalent, The erosion ratio then increases with an increase
in erodibilityh‘\Fdr Middlstén, this;rgtio,made a more marked
aistinctioh between'érodible and'noh;erodible soiis than did the
diapersion ratio, Middleﬁonremphasized the fact ﬁhgt the ero- |

gion ratio is an imdicatof of efodibility of soils of similar .
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type which were subjected to essentially the same environment.,

The results would not necessarily apply to greatly different

soils which were eroded under conditions other than those stu-

died by Middleton.

tont's results. .

Table I gives a partial summary of Middle=

TABLE..I: .DISPERSION. AND EROSICHN RATIOS OF AN EROSIVE AND
‘ A NON-EROSIVE SOIL FROM THE SAME LOCALE. (15)

Soil Soil Dispersion Erosion Ratio of
Character Type ...Ratio -.Ratio Clay to Silt

A2 Iredell . 19,6 24,2 0,43

Erosive.l3. Loam . 13,0 A5 7 0,36

L 20,9 15.0 2.64

15 25.5-. 22.8 1l.24

_16. Davidson- ADe3 .. l12.2 0,60 -

~eNOoRs. ... 17, Llay.- +Bod. Dol 2,71

Brosive 18 6.6 4.3 1,65

19 10.6 7.7 0.86

Clay Hatio

In 1935, Bouyoucos (6) proposed a clay ratic, expressed

& percent sand and percent silt all divided by percent clay, as

an index of erosiveness.

He studied a large number of soils

which included most of the soils tested by Middleton and come

pared his clay ratios te the eresion ratios.

clay ratio féllowed the same trend as the erosion ratio.

High

He found that the

and low values indicate high and low erodibilities respectively.,

The dispersion and clay ratios as .described above apply

" to fine grained soils only, because they dc not include the

>
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effects of varying percentages of coérse material in the total
sample. It is possible for two different soils to have the same
dispersion ratio and contain vastly different percentages of

clay.

Surface Aggregation Ratio
Andre” and Anderson (5) proposed an erosion indicator _

which they called a surface aggregation ratio. Surface was de=-
fined as the amount of surface in square centimeters per gram
on partiéles larger than silt (greater than 0.05 mm.)o Par-
ticles were considered to be spheres with densities of 2.65, and
they were separated into three size ranges--particles larger
than 5 mm., between 2 and 5 mm., and between 0.05 and 2 mm.
The mean diameters for the size ranges were taken to be 7.5 mm.,
3.5 mm., and 0.9 mm. From these assumed data and the fractions
of the soil within these size rangés,_it was possible to calcu=
late the surface area described above,

| Aggregated silt and clay Was‘defined as the total per-
cent of silt and clay observed in a dispersed sample of soil
less that observed in a non-dispersed sample of the same soil.
The éurface aggregatien ratio was then expressed as the surface
divided by the aggregated silt and clay. Hesults of a statis=-
tical analysis showed that the dispersion ratio and surface
aggregation . ratio were good indicators of erosion. _

| From the nature of the erosion indicators reported above,

it appears that -erodibility isfdependent on the relative -amount
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of silt and clay present, and on the ease with which it may go
into suspension.

Brosion Index

A paper published by the Forest Soils Committee of the
Douglas=fir Region (4] included a short section on the spacing
of lateral drainage culverts which was based, in part, on an
Eresion Index. Table II was taken from this paper. In Table
II, the standard soil groups from the Unified Soil Classifi-
cétion System as well as the standard soil textural grades were
Ytentatively"® assignéd to erosion classes I to X, which have
erosion indices frém 10 to 100 respectively. Class I is the
most efosive, and class X the least erosive.

The soils were placed in the various erosion clasges
based on the assumption that the soil contained 100% of the
specified soil type. If the erosion index of ‘a soil which con=
tains materials from several different erosion classes is de=

sired, it is calculated as illustrated in the following example:

Material % Content x Erosion Index =.Total Erosion
Index
8ilt : 20 . X 10 = 20
Sandy Clay LO b'd 50 = 200
Fine -Gravel LO X 90 = 36
76 = Erosion
Class VII

- These erosion classes and indices may be satisfactory for
the use for which they were developed, but théy appear to be
based upon arbitrary procedures. It is believed that the ten-

tative standard erosion test, which is the main subject of this
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TABIE II -~ A GUIDE FOR PLACING COMMON SOIL AND GEOLOGIC TYPES INTO EROSION CLASSES,
FROSTION
-CLASS I 1T ITI v v Vi Vit VIII X X
E ON
?%%x 10 20 30 40 50 60 70 g0 90 100
SH SM |[Silt (Un- 8ilt (Con-| Silty Clay [Loamy Coarse |Fine |[Rock
consoli- golidated) | Clay Loam PBand Band Gravel | (C)
<3 dated) (B) | (B) Loam (4) | (&) | (C) (C) (c)
g = ML ML 0L OL Silty Silt Sandy SW SW |Cobble
D oo Clay (A) Loam Loam.
g% (4, B) ' (B) (D)
+ g MH MH Clay, varying with type, SP SP |(Gravel
o 3 cohesiveness & compac— (G)
S 3 tion” (A) , “ '
o g CL Sandy Sandy | Sand Sand GW, GP
3.3 Clay (B) |Clay (B) (C) :
B (B)
38 SC, GM, CH, GM| GG
“ OH, CH - ,
Decomp, [Decomp.|Fine Coarse Some voleénie ast or fine punice Frac—
Grano~ (sand- |soils de~| soils de~ () ~ tured
liorite [stone {rived from rived fron loose
(¢) |(ByC) |}rocks higf rocks high basalt
3 in nica in mica or
@ (C) (c) shale
© o ' (8)
' Highly [Mod'ly
S flecomp. |[decomp, )
2, [gren- |gran-
W Htes ites
(c) (B)
NOTE: (A) indicates nonporous materials; (B) indicates moderately porous materials;

(C) indicates highly porous materigls,

™

L X
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thesis, will classify a soil as toe its potential erodibility

with more certainty than can be done by consulting Table IT.

. EROSION PREDICTION EQUATICNS

Several equations which express-erosion or erodibility

.as a function of different combinations of variables such as

slope and rainfall intensity have been formulated. These
equations have been developed by measuring both splash and over-
land flow ergsion. )

Eckern (9), by the use of simulated rainfall, made an in-
tensive :study of splash erosion and found that erosivity can be
expressed as a funetion of discharge, @, slope, S, -and rainfall

intensity; I. The equatiens which employ these variables are

" expressed as follows:

Erosivity = fol°OSl°Q} (1)

Erosivity = pfrl-46gl<0)  (2)

~ Eckern did not explicitly define f in the abeve equation, but it

‘was taken to mean function of the variables in parentheses.

In another of.Eékernﬁs_studies(lOL it was fOund.ﬁhat the
amount.of soil, in this particuiar case sand, transported was
diréctly proportionalvtb,the raiﬁfall intensity when drop size;
sﬁapes and velocity were held constant.

Borst and Woodburn (7), by use of a rainfali simulator,
found severgl expressions for érosiOn by applying 1" of rain at
a rate of 4" per hour to a bed of soil on véfyiﬁg slopes from

one to approximately twenty percent. They were studying the
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effects of both slope and infiltration rate and found no defi=
nite relationship between the two. They also concludgd that
there was no definite relationship between percent runoff and
slope and no consistent relationship between percent runoff and
$0il moisture-contehto ‘They did find that thé rate of runoff

after reaching equilibrium was approximately the same for all

soils. It was also found that a wet, lightly compacted soil

eroded more than a loose dry soil. Their equations for erosion
are: .

Wet Soil: Ee 8,23 57°%%3 (1)

Dry Soil: E= 4.8 51.298 (2}

where 8§ is % slope and E is poﬁnds of eroded soils: The obser-

vations of Free (12} agreed with those of Borst and Woodburn.

A paper by Neal (17) further related erosion to slope;
duration of storm, and rainfall intensity. His study, which
included effects of infiltration and initial soil‘moisture con=
tent, shbwed.that initial soil moeisture content had a greater
effect on the rate of infiltratien than ahy.pther factono- How=

ever, for slopes less than 16%, this infiltration was .not a

function of slope. He found that the relative density of runoff

material increased as the slope increased. The main factor
influencing erosion and runoff was found to be the rainfall

intensity. The intensity had a greater influence on erosion

than did the runoff. His equation for erosion for a rain fall-

ing on a saturated soil is:
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E = 0.4 8597 772-2"

where E is the erosion in péunds from 0.001 acre; I is the
rainfall intensity in inches per hour, T is the time in heours,
and S is percent slope. He also found that hard dry soil eroded
more than either loose dry soil or a moist, slightly compacted
soil. It is the writer®s opinion that the loose'dry soil is
least erosive because of its comparatively large permeability
which decreases overland flow and thus decreases the erosive
‘action of the water. A soil which has been wetted becomes co=-
hesive; and this cohesiveness increases its resistance to ero-
sion, whereas aggregations on the hard dry surface will slake
and go into suspension which will increase the amount of seil
eroded.

Slope has an important influence on erosion, as the
-egquations which'were previously 1iéted indicate. Some gene=
ral observations have been made on the effects of slope on
erodibility. Gard and: Van Doren (13} performed ekperiments on
slopes of 5 to 9% and found.steepness to bé a domiﬁating factor
in soil loss. It was also noted that erosion increased as the
length of the plots increased. Zingg (26} found that soil loss
per unit area varies as the 0.6 power of the slope léngthe-Thisis
in qualitative agreement with the observations of Gard and Van
Doren,

All of the above equations show that an increase in slbpe

or flow increases the erosion. They have wvery little or no
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general quantitative applicability,‘however, because they merely
showed how a few specific soiis reacted when one or more of the
many factors which_influence eroslion were varied,

GENERAL OBSERVATIONS

Ellison (11) states that splash erosion consists of two
‘independent actions. The firét is the detachment of soil part-
icles from the soil mass, and~the second 1is the transportation
as splashes of the detached particles., He found that sands have
the highest detachability, while cohesive soils have lower de-
tachabilities. Rose ('22) was able to cprrelate detachébiiity to
the plasticity indexy, PI. He found that detachability increasés
as PI decreases, and he also observed that the clay ratio of
Bouyoﬁcos increased as the PI decreasedo

Detachability should not be confused with the ability of
a soil particle to go into suspension. Sand particles which
show the highest detachabilitj ‘aré not as easily brought into
suspension as are‘thg silt and cléy particles which exhibit low -
detéchabilitieéa It'ﬁould apﬁear frtm the studies of these two
characteristics, that a soil, sand for instance, could show the
same érodibility as a silt if the Veltcity of the overland flow
common to- both soils fufnished é force just sufficient to detach
the easily suspended s81lt and just sufficient to suspend the
‘easily detached séndm | | |
Another important'féctor which affects runoff, which in

turn affects erosion, is the permeability of a soil. Musgrave
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(16) noted that seils which are readily permeable to water are
relatively resistant to erosion. Peele (20) agreed with

Musgrave and in addition stated.thatpercolation rate, percent of

.suspension, and dispersion ratio give a good index of the ero=

dibility of soils.

It is obvious that high infiltration rates or permeability
would reduce overland flow by allowing water to drain down
through the soil and thus decrease the erosive effect of the
overland flow. |

In a later study,'Peele and others (21) again found that
high infiltration rates helped resist erosion. They studied the

mechanical analysis, dispersion ratio, degree of aggregation and

.water imbibitibn, and specific gravity of various soils and

found no single property that would give an index to erodibility.
They did cénclude that soil cover had a greater effect on ero-
sion than did the physical soil properties.

" Craddock and Pearse (8) also investigated the effect of
soil cover (range type) and found that it had a.greater in-
fluence on erosion than did slope, rainfall inteﬁsity, and soil
disturbance.

Adams, et al. (1) made a detailed study of erosion on
small field plets with a rainfall éimulating apparatus. These
plots were all six inches in diameter and wefe on a slopé of
gzero percent. As part of his study, he investigated the effects

of percent water-stable aggregates -greater than 2 mm. in size, .
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:rainfall intensity, and dispersion ratio on wash erosion. Rain-
fall intensity and percenﬁ water stable aggregates greater than
2 mm. were found to be highly significant at the 1% level, while
the dispersion ratio was found to be insignificant° He attri-
buted the insignifiéance'of the dispersion ratio to the fact
that some of the soils had high dispersion ratios and small per-
centages of silt and clay. The high dispersion raties would
indicate that the silt and clay could be easily brought into
suspension,; but the small percéntage of silt and clay would not
lead to a high degree of erosion. They also concluded that wash
erosion rather thén splash erosion ﬁould be a better measure of
natural erosion by water.

In general, it appears that the various indirect eresion
indicators such as dispersion ratio, erosion ratio, surface ag-
gregaﬁion ratioy clay ratio, etc., do have some merit as quali-
tative erosion indicators; but they have not proved'tb be highly
dependable.

Effects of S0il Type or Origin .on Erosion

Packer (18, 19) has proposed and made several studies
directed towérd reducing erosioﬁ on logging roads and skid
trails on various soils in Idaho and Montana. He surmised that
most of the erosion in this region was caused by overland flow,
and that most of this flow was due to snow-melt. Results of his
studies showed that erosion increased with an increase in grad-

ient (slope) and with change in-location from ridges to hill
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sides to drainage bottoms. He listed the following soil types
according to their increasing erodibility.
1. ﬁard Sédiments (slates and shales)
2. Basalt
3. Granite .
L. Glacial Silt
5. Andesite
6. Loess
Kidd (14) also studied the erosion which occurs on log=
ging skid trails and his results verified those of Packer.
Specifically, erosion is greater on granitic than on basaltic
soils, and is greater in ravine bottoms thén‘on side hills.
Wallis (25} determined the surface aggregation ratio for
nine different rock types which are common #n northwestern Cali-
fornia. Of the nine types; he classified a quartz diorite as
the most highly erodible, basalt and gabro about half as erod-
ible as the guartz diorite; and Serpentinite as the least erod-
ible. Thé erodibilities of different soil and rock types as
presented above apparently furnish a rough guide to the poten-
tial erodibilities of the soilé° However;, an erodibility
classification based upon a quantitative laboratory erosion test
would seem to offer a better and more depen&able measure of the

potential erodibility of a seoil.

Effects of Land Use on Erosion

In another study, Andersen (3) studied the effects of
land use-=logging in particular--on sediment production. He

observed that the sediment production increased 800 percent
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during the first year of logging and dropped off rapidly in the
following years. The chief sources of this sediment were log-
ging roads, skid trails, and landings. This would lead to the
conclusion that such disturbances‘should be kept to a minimum to

reduce erosion.
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CHAPTER III
MATERIALS AND LABORATORY TESTS

MATERTIALS o | o

The main consideration in the choice of soils used in
this thesis investigation was that they be fine grained seiis
from typical sites located on forested land which has a fairly
steep slope. It was initially assumed that there might be a
. strong correlation between erodibility and plasticity index.
Thus, with the exception of the six soils described below, the
soils were chosen to give as widé a range of pldsticity index
as possible. It was also decided that most of the seils should
be taken from areas which had been logged or where forest ac=
cess roads had been built. |

Eighteen different soil sampleslwere,used'in the tests.
Twelve soii:samples were taken from various drainages located
on or adjacént té the Gallatin National;Forest in -seuthwestern
Montana. The remaining six soils were qhosen-frém the six soil
groups studied by Packer (19). An attempt was made te obtain
the samples from the specific sites studied by him. If ﬁhe
sites were found pb be inac¢cessible, a sample was taken from 
the genefal area. S0il .samples l, 7, and 10, as identified in
Table III, were obtained from the specific sites studied by
Packer, while soils 5; 6; and 9 were taken only from the gene-
ral areas: It is poséible that soils 5, 6, and 9 are quite

different frém_the’soils-whichnwere included in.Packer®s- study.
. : { s
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T ST v-_«.J.‘ABLEMIII - SOIL SAMPLE mmmzemxem AND LOCATION
san,. P o i '

SO I, (> VO S _NAME o LeGATI(N o TFGREST-. . COUNTY STATE ©
- |- LIl IBTTR F21F. - ..M:mzf_szrzfmm Raees Bitterroot Ravalli .Mentana - -
] -| 8. | BRACKETT. cm «-_._h.m%ﬁsa,,. JIN-R7E - — Gallatin w

oo e | 2B JoIBRIDGER.. . 3 oo NEE1 81 TIN-R7E Gallatin W ”
¥ - 4. | lesmp:fa .. |t o BT Capdueliis - == Madison w
S ) 5. leiEaR, #5* S——— Lmsg.saﬂr_ﬂzm_ﬂsg:d Clearwater Clearwater | ' Idaho
- . 6 .- |GLEAR #15** 513, . T34 R5E Glearwater w Idahe
(. .- YT i J s - .
NRERWR LS #15* D T wksiay TEEN-R24Y © | Flathead Flathead - Montana
. .g_e;?:,m GAEL #L... ... - SEf 530, TENRTE - Gallatin Gallatin .= "o
-1.4.9.2 L lGALL #2** e b B ,ss - T4S2R6E ™ s b v
SR B [l R £ £ 53 - LA us:.&f TlBN ‘R22W . Lolo. Missoula ®
_ 117 | |MGOSE CR.. . NE% 86, T6S; RSB Gallatin Gallatin z
_-lz‘;.-.._l_moaSE cno #- SWL .85, T63. RSE - oo "
137 | Ins FKq BRASKE‘H' : szl ~ssa T2NREE - | Gallatin Gallatin Montana—|
- j14. | | ORGHID €R.’ 1 mz%;*sm 55 RSE' foom it "
~| 115 | |RAT LAKE _-:szé .51, T58 RSB . w 4
-| 167 |-SQUAW CR. 185, T55_ROE-- P - o - k4
17 | | PAYLOR FORK ™ NiE-S12, 198 R3E * @ " ®
1187 | | TAYLOR #2" sm—i-is'z TQS' ReB= i3 w "

) *Benotss so:.ls taken from test ‘sites *studied by»?aekero
**Benotes sculs*taken from “$He" general -ared of “the sites studied by Paeker,
" THesé soils may‘differ eensmez.‘a’ﬁely ‘from the'®soils at Packer’s siteso
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A two to three hundred pound sample was obtained from
each site. The tob few inches of litter, organic matter, and
leached soil was removed, and the sample was taken at random
. from a surface area of approximately fifty square feet. The
samples were placed in paper sacks and transportéd te the labo-
ratory where they were spread out to dry.

The soils are tabulated by number, name and loeation in
Table III.
§TANQARB TESTS

The five standard tests which are listed belew were per=

formed on represéntative samples of each soile
l. Mechanical Analysis, AASHO Designation: T88<57
2. Atterberg Limits:

(a) Liquid Limit, ASTM Designation: D423-61T
(b} Plastic Limit, ASTM Designation: D424=59

3. Specific Gravity, ASTM Designation: D854-58
L Moisture;Density Relations of Soils,
AASHO Designation: T99-57, method A.

The above tests were performed essentidlly as specified
by the above standards; however, in the mechanical analysis
test, the constant temperature water bath was not as deepias
specified by the standards. The bath maintained the température
of the suspensions-within 29 of the specified 68°F and waé con-
sidered to be adequate for the test. Results of these standard

tests-are tabulated in Tables IV-and V. The grain size
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accunulation curves for the material used in the erosion tests

are shown in figures 33 through 37 in appendix E.

TEST FOR AGGREGATED SILT AND CLAY

The dispersion and surface aggregation ratios of each
so0il were determined. To do this, it was necessary to deter-
mine the amount of aggregated silt and clay present in each
soil. This aggregation can be described as water stable silt
and clay particles which cling together to form particles
whose diameters are greater than 0,05 mm., the maximum size for
silt.

There is no widely accepted standard procedure for de-
termining the amount of aggregatgd silt and clay. It can be
done by either the piﬁette method (15) or by the use of a hydro-
meter. The latter method was used in this case and is described
below.

The following procedure differé slightly from the stan-
dard hydrometer method of mechanical analysis in which a dis-
persing agent is used to break up the aggregated silt and clay
particles. Since the purpese of this test was to determine the
fraction of aggregated silt and clay, no dispersing agent was
used.

& representative sample of air-.dry material, which péss=
ed the No. L sieve (L4.699 mm.) and was equivalent to 75 grams
of oven-dry material, was placed in the bottom of a 1000 ml.

¢ylinder, and water at 68°F was added to fill the graduate to
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the 1000 ml. mark. The graduate was then placed in a constant
temperature (68°F) water bath for one hour. The cylinder was
then picked up and the soil was shaken locse from the bottom.
When all of the soil was off the bottom, the contents of the
cylinder were thoroughly mixed by turning the cylinder end over
end for sixty seconds. ' The cylinder was then placed in the bath
at time zeré9 and hydrometer readings were taken at the end of
one and twe minutes.

The calculations for corrected grain sizes, hydrometer
readings, and percentage of total sample finer than the speci-
fied grain sizes were‘calculated according to the procedure

given in Standard Methods of Mechanical Analysis of Soils,

AASHO Designation: T88=57. The results were plotted on semi-

log graph paper and thé percentage of aggregated silt and clay
was determined. The results of this test and the calculatioen

of the dispersion and surface aggregation ratios are given in

Table VI. |

THE LABORATORY EROSION TEST

A simple and compact device was developed which was used
to measure erosion in the laboratory. Pictures and detailed
drawings of this device are shown in figures 1 through 6.

The detailed recommended procedure for the Standard Ero-
sion Test is given in appendix A. The procédure used in the
laboratory development of the erosion test is described below.

The description will cover three different aspects of the test
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TABLE IV - RESULTS.OF STANDARD TESTS.

ATTERBERG SPECIFIC | Moisture-Density % of Total
SOIL LIMITS GRAVITY | Relationship, Sample
NO. o Passing
1.LL.|..BL. L .BI.. ~Optimum....|..Max .dry den- | #4 Sieve
' M. C., %.| sity, pef. -

1 . |31.0.]21.5.] 9.5 2,74 12,0 .. 183,0 93,6
2 [59.8.).2004 019.4. .| ...2.71 21,2 .. . 101.4 91,7
3 |40.2.[.21.1.]19.1 | .-2.74 ..20.1 ...104.1 100.0
4 .l128.3.0.23.2.].5.1 . 2,67 A17.3 . ..104,7 100,0
5 [539.8.|.23.4 16,4 |...2.68 19,1 ...104,7 98.5
6. |30.8.23.4... 2.4 2,65 12.1.. . 118.3% 100.0
7 125.4 [19.9.[.5.5. | .. 2.62 1408 109,90 92,0
8 |50.4 |24.9 |25.5 2,71 2204 . .98,7 100.,0
9 |52.6.|40.2.[12.4. 2,61 34,4 . .Bl.6 97,0

10...)30.4. |.19.6..]10.8 2,64 17,2, ...108,8 92,0

11...062.4./.23.9 |38.5 | .2.93  |.. 29,5 89,02 78,9

12.. | 70.7.| 24.5..)46.4.. 2, 70... 50,8 87,1 . 95,8

113 138.1.1.18,1.120.0. .| .-2.74 17.4 .110.2 91,7

14. [48.5 |21.4..|87.1 .. 2,70 25,0 94,7 88,6

15 .|52.9.134.2. /18,7 . 2,70 .28,7 ...90,9 96.8

16. [27.4.124.7 | .2.7 2,81 13,0 120.8 96,4

17 [47.5 |27.2 20,3 2,60 22,4 97,1 95,9

118 |48.2 |19.9 |28.3 2,74 20,0 105,5 98.4
N
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TABIE V - MEGCHANICAL ANALYSIS OF FRACTION USED IN THE EROSION TEST

SOIL PERCENT PASSING OR SMALLER THAN
N0 1 gy, | #8 #10 #20 #40 #100 #200 05 mm, {005 mm,
1 [100 | 93.1 9204 8404 The5 59.1 50,8 40,2 13,2
2 |100 | 97.2 96,9 %03 89.0 7406 673 5902 29.3
3 100 85o0 82s6 8294 8200' 7 ’7807 7104 5903 23@9
- 4 {100 |100.0  |100.0 9905 98.3 95.3 90,2 6945 12,0
5 {100 | 97.6 97,1 91.9 8243 71.8 68.1 63.6 33,0
6 |100 | 98.7 98,3 88.4 69.0 4doR 32.9 29,0 12,0
7 |100 | 97.8 97.7 95.3 %03 89.9 87,3 81,3 30,0
g [100 [100.0  |100.0 97.9 91,5 777 68.9 59,6 3447
9 |100 | 98.5 98,1 95.5 91.8 82.0 Tho3 61,5 | 15.0
10 {100 | 95.2 95.0 91.7 89.2 87.0 85,2 78.5 27,2
11 {100 | 92.3 91,0 89.2 83,5 68.9 60.4 56,2 36,0
12 |100 | 97.7 93.3 91,1 88,0 82,1 77.9 73,0 48,0
13 [100 | 86.8 85.3 84.1 82,7 80,2 7642 71.0 425
14 |100 | 98.3 97.8 97.0 96,0 902 9204 85,0 4545
15 {100 | 97.0 | 96,1 = | 89.4 79.1. 5303 48,0 41.5 15,0
16 {100 | 96.9 96,0 82,5, 59,6 38,9 29.3 2205 6.3
‘17 {100 | 97.8 97.3 95,0 92,0 80.5. 71.8 6.1 31,0
18 |1o0 | 98.0 9604 | 93.9 9.9 89.0 84,0 78.2 53.7

mgzm




TABLE VI - SURFACE AGGREGATION AND DISPERSION RATICS

SOTIL, | FRACTION OF SAMPLE SSEFACE % FINER THAN 0,05 mm. 1{AGG. SILT |SURFACE |DISPERSION

: 1 & CLAY AGG, RATIO

NO. | BETWEEN SIZES, mm. |GM/GRAM| proprpcen |UNDISPERSED " | RATIO, o
»5 |2 to 5(.05 to 2 S D U A=D-U | s/A U/D
1| o 7.3 | 52.5 22,8 4042 27.5 12,7 1.80 .68
2 0 3.2 37.8 23.7 . 59,2 2.1 35.1 0.68 AN
3 0 16,2 2465 17.7 59,3 23.0 3643 0049 039
4 0 0 30.5 25,2 69.5 59,0 10.5 2.40 .85
5 0 2.7 33.7 23.8 63.6 26,8 36,8 0,65 W42
6 0 1.5 69.5 24.8 29,0 15.3 13.7 1.81 053
7 0 2.3 16.4 22.8 81.3 65,0 16,3 1.40 »80
8 0 0 | 40.4 25,2 59,6 17.0 42,6 0.59 «29
9 0 1.7 36.8 2403 61,5 42,0 19.5 1.2/ .68
10 O 4,9 1606 2009 7805 '5,000 2805 0073 664
11 0 8.4 1. 35.4 21.6 56,2 24,3 31,9 0,68 W43
12 0 be5 | 22,5 22,1 73.0 44,50 29.0 0,76 -60
13 O 1450 1500 1691 7100 4000 3100 0052 056
14 0 2.0 | 13,0 22,7 85,0 37,0 48,0 0.47 odidy
15 0 304 | 55,1 2401 415 18.0 23,5 1.03 043
16 0 3.6 73,9 24,3 22,5 14.3 8.2 2.75 064
17 0 2.5 33.4 23.9 64.1 18,5 5.6 0.52 «29
18 0 2.8 19.0 22,8 78,2 20,0 58,2 0.39 026

mgz@

NOTE: The Surface Aggregation Ratio computations were based on the assumptions stated on
page 8. : :

T
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which are gsoil and soil- bed preparatlon, appar&tus adjustmenty
and erosion collection and mealsuremente

Soil Preparation

The soll samples were spread out on the laboratory floor
immediately after they were brought‘in'from the fieid'and al-
lowed to air dry., The drylng period was qulte long in this
case (a month or more), but a shorter drylng time could have
been‘usedo‘ '

Sandﬁ and si1t§»soilg were sleved through‘the No. I
screen. The‘ﬁayerial rétaiﬁed on the screen was pounded light-
ly,with a‘ruBber mallet unfil most of ‘the aggregatédlparticles
were broken down, was sieved again, and the oﬁersize partieleé
were then discarded,. |

The clayey solls contained large lumps or clqu which
Were‘lérger than the Nqo.u sieve size and‘were very diffieult
to break déwn, Any hand meﬁhpd such as pQundihg with a rubber
malleﬁ or Proctor hammer required an undue amount of time,
Consequently, a mechanical‘method which utilized a Los Angeles
Abrasion Machine was used.

The maﬁhiﬁe was used aé‘a combinatiop rod an& ball mill,
Teﬁ steel balls, standard for the machine, and féur cagt iron
sash-welght were used to dharge the‘médhine; The crushing ac--
tion, which was caused by the charge being carried almost to the
top of the fevolution”andrdropped on tﬁe.métérial below, reduced

about 80% of a 30 pound sample, in teﬁ'minutess to-matefialﬂ
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FIGURE 1 — LABORATORY EROSION TEST APPARATUS




FIGURE 2 — LABORATORY EROSION TEST APPARATUS




7
B
=
r
~m.
=
>
©
<=
@)
™
@)
N
O
m
o)
~J

T . e ———————
A8y —+— oy —b— 8}’ —— &
-~ et SN ST OO -
| SIDE VIEW ~ BED
|
l: : 3 AL. & 4 DRILL | "
[ "1 ' 5
1 4 > > > «| |
—~ | p— ——5; e e — oi‘ —— P 8% S —8“; - ,-1.4—_
SIDE BOARD, Z REQ'D.
NOTE.:
USE _%- X ;—’"
~ DRILLE TAP IONF 32 FHMBOLESNG
X \ o  BOTH ENDS TO ATTACH SIDE
e g - i® | | 011 BOARDS TO
END VIEW-BED SN o ¢ CHANNEL.
6 T 3" P
A2 By i oo e

FIGUKE 3 - SUIL BED CONSISTING UF a STEEL CHANNEL

_Og_




“«3e

-

FIGURE 4 - SOIL BED BULKHEADS
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which would pass the No. L, sieve., The fraﬁtion which passed
‘tne'Noo ly sieve contéined'a fair amount of aggregated particles
and was not ground down to the fineness of flour, The oversize
material left after one 10 minute run in thé machine was dis~
carded.

Soll Bed Preparation

For each soil, erosion tests were made with the soil in
a loose alr-dry state, and also in a dense moist state.

Loose State

For the loose state tests, approximatelj‘IZ pounds of
air-dry soll, which was prepared as described ‘above, was placed
loosely in thé steel soil bed and was screeded off level with
its top. No packing or compécting was done.

Dense State

For the dense state tests, a water content determination
was made for each soil prior to the tests. A 15 o éO pound
air-dry sample of the previously.prepared soil was brought up
to its optimum AAéHO water content, thoroughly mixed, and placed
in one even layer 1in the soll bed. The soil was ﬁhen compacted
in a single 1lift with 338 uniformly distribﬁted.biows from a‘
standardVS,S poand AASHO‘compactionfhammér;_ This gives essent-
ially fhe‘same-compactive enefgy per'uﬁit.of soil volume as doeé
the standard AASHO compactionftesto |

After the soil was compacted in the bed, the side-boards

were removed, and the soll was screeded off even with the top
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of the steel soil bed. A sample of the screeded off material
was then used to check the actual water content of the soil.
The bed and soil was then weighed and the weight of the com-
pacted soil, the water content, and the volume of the bed were
used to determine the dry density of the soil in the bed.

Soil Bed and Orifice Adjustment

All test runs were conducted with the same standard ero-
sive action on a slope of 50%. The soil bed support was ad-
justed to the 50% slope and checked periodically between test
runs. The soil bed was placed and roughly centered on the sup=
port. The reservoir was then adjusted vertically and laterally
so that the bottom (lowest extremity) of the standard orifice
was 7" above a point centered between the side boards of the

soil bed 30" from the downstream end. See figure 7.

Lowest extremity of orifice

FIGURE 7 - ORIENTATION OF JET AND SOIL BED
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The splash protector was then positioned at the upper

end of the soil bed as shown in figure 1. The purpose of the
.splash protector was to divert splashes back to the channel and
to keep soil particles detached by the splashing action confined
‘to the soil bed. After the reservoir-orifice was positioned, a’
diversion chute was placed between the orifiée and the soil‘bed°
The head was adjusted so that the water level was near the cen-
ter of the overflow pipe as shown in figure 5, and the temper-
ature was simultaneously adjusted as close to 7C°F as possible,
The discharge from the diversion chute was then collected in a
500 ml. graduated cylinder for 30 secondso Three measuréments
were made and the average was recorded as the beginning dis-

chargéo

Erosion Collection and Measurement ‘

The first of six 1000 ml. graduaﬁes was placed beneath
"the runoff chute, and the diversion chute was removed. The
time between the removal of the diversion chute and first run-
off into the gradduate was noted, and the graduates were changed
.at one minute intervalé thereafter for six minutes. At the end
of the six minutes the diversion chute was replaced under the
orifice, and the discharge from.the orifice was measured again
as previously described.

In order to determine the weight of eroded soil, it was
necessary to measure the total volume and weight of the combined

sediment and water in each of the six cylinders. The volumes
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were read to the nearest milliliter while the weights were de-
termined to the nearest tenth of a gram.

It was necessary to develop an equation to find the dry

weight of the eroded material. In the following derivation, Vg

is the volume of soil particles, V, and V_are the total volume

and volume of water respectively, W, is the total weight of

T
‘'sediment and water, Wy and Wy, are the weights of the sediment
and water respectively, ¥, 1S the unit weight of water, and G

is the specific gravity of the soil particles.

| Vtz Vw % Vs (a)
Y T We= Wt W, (b)
v.= Wg (c)
W TR T S v " Gl .
; "‘V;' 2 l

FIGURE 8

VOLUME RELATIONSHIP
Vez Vi # Wg = (W-Wg) # Ws (d)
GTyw 0 w C¥y

whence Wg= G(Wy - ViBw) (e)
G -1

Equation (e) was the working formula used to compute the dry
weight of eroded soil. The runoff water volume was then found

by taking the difference between Wt and Wg and multiplying that
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difference by Xwo-
The results of the erosion test are tabulated in Tables
AI through XX in appendix C and are summarized graphically in
appendix D. | |
EROSION TEST DEVELOPMENT

The basic objective of this study was to devise an ero-

sion test which could be used to measure the potential erodi=

bility of a soil and thus serve as a basis for a soil erodi-

bility classification system.

Specifically, the test was intentionally designed to be
most applicable to bare, disturbed, fine grained soils of shal-
low depth on steep slopes, eroded predeminately by overland
flow, This correspondé to the common field situation where the
cover is removed and‘thé soil is disturbed by road building or
logging operations on steep fo‘rest,lande The 50% slope adopt=
ed for the test was about as steep as could be used without
having many of the highly erodible soils slumping out of the
channel. The shallow depth of soil in the channel corresponds
closely to a field situation where impervious bedrock exists at
a shallow depth, or where the soil is frozen below a thin thaw=
ed layer. The loose disturbed air-=dry state selected for one
phase of the test is very similar to a rather extreme, but not
uncommon, soil condition sometimes prevailing on freshly log-
ged off areas. A moist coherent state is undoubtedly more

typical, however, and the erosion test .on the moist compact
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soii_was giveh greater weight than the erosion test on the
loose air=dry soil in the tentative erodibility classification
system that was developed.

In practical situations where the erosion of loose air-
dry soil is-the main concern, it would be possible to modify
the interpretation of the laberatory tests and give greater
weight to the erosion observed on the loose air-dry soil. This
is only omne of many ways in which the laboratory erosion appa-
ratus usagé might be modified to help solve specific problems
on specific sites. The flow rate, the slope, and the condition
of the soil in the steel channel may all be changed with rela-
tive ease. '

The apparatus was designed to, be simple, easy to use,
and to be operated by a single person. Standard items of labo-
ratbry equipment were used wherever possible.

The soil bed support was designed to allow tilting of
the soil bed. from O to lOO% énd to allow vertical and lateral
| adjustment o} the reservoir so that the orifice could be kept
in the same position relative to the soil for all slopes.

The method of applying the water to the soil bed was
based on the asgsumption that a greater part of erosion can be
attributed to overland flow. Several of the‘previous re-=
searchers, Packer (19]) for one, also assu@ed this to be the

case. A standard orifice, the Saybolt Furol Viscesity Orifice,

was mounted in a four quart cream can,- and an overflow pipe was
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mounted so as to maintain a head which would produée a dis-
charge close to 700 ml. per minute. The choice of flow rate
was arbitrary, but it was considered to be similar to overland
flow due to snowmelt.

This discharge was then applied to what was estimated to
be the most erodible soil. It was found that a 1000 ml. gra-
duate would practically fill up with eroded sediment and water
in a one minute interval. After six minutes had elapsed most
of this soil had run out of the channel. Using this as a guide,
the time elements were set for 60 second intervals and a total
elapsed time of six minutes.

The temperature of the discharge was held constant with-
in*39 of 70° F. The maximum deviation in viscosity, which was
7% over this temperature range, would not seriously affect the
erosive action of the water. The change in the discharge which
was caused by the' change in viscosity was hardly noticeable.
This maximum temperature variation of six degrees, combined
with fluctuations in head due to pressure changes in the water
supply systemﬂ-caused a fluctuation in discharge from 690 to
705 ml. per minute@ For a period of six minutes, the maximum
deviation in totai runoff volume was 2.1%.

.8So0il passing the No. 4 sieve was used for all of the ero-
sion tests. This particular fraction corresponds to the frac-
tion used in the AASHO compaction test.

The test was performed on the soils in both the loose
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and dense conditions. The loose condition could be expected to
compare to the disturbance caused by one pass of a log skidded
along the ground, and the compacted condition-could be compared
td a damp road surface or to the moist compact soil beneath a
loose dry surface layer. The 338 blows applied to the soil in L
the channel deliver the same energy per cubic foot as that used [
in the standard AASHO.compaction test. It was observed that
the.actual water content varied no more than 1% from the opti=-
munm . Howevefé_the dry density was always lower than the maxi-
mum dry density as determined by the AASHO test. This compact=-
ive.effort was not expec@ed:ta.produce the séme denéity that it
produces in the standard cbmpaction mold but was employed merely
as a standard method of compactiocn, |

Comments on the reproducibility of the erosion tests are
included in chapter IV. - |

In addition to the tests on the eighteen soils, loose |
erosion.tests were also conducted on three different fractions
of a standard concrete sand which was available in the Montana
State College concrete labératory° The sand appeared to con-
tain approximately equal amounts of angular and rounded par="
ticles.

The different size fractions were:
Group l: 1.651 to 4.699 mm.; between No. 4 and No. 10 sieves
.IGroup 23 <833 to 1.651 mm.; between No. 10 and No. 20 sieves
Group 3¢ o417 to 833 mm.; between No. 20 and No. 4O sieves. | o
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Groups 1 and 2 showed no erosion at all. The first run-
off from these groups was a little milky, but after the first
minute it cleared up. It took 24 minutes for the first runoff
to take place for the group 3 sand, but ninety percent of the
sand then eroded within four minutes after the first runoff.
These results suggest that the fraction gf soil larger than the
No. 20 sieve size (.833 mm.)} is reiatively resistant to ero-

sion for this particular slope and overland flow.
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CHAPTER IV
TEST RESULTS AND ANALYSIS -

The following physical soil characteristics, which are
the liquid limit, plasticity index, mechanical analysis, ag-
gregated silt and clay;, the perceﬁtage of material passing the
No. 20 sieve, or the percentage of material passing the No. 4O
sieve, were used to formulate the ratios described below. These
ratios were examined t0 determine the extent of their corre-
lation with erosion. ‘

Modified Dispersion Ratio, BR20

The dispersion ratio, DR, as defined by Middleton (15),
was modified so-as to include the effects of the larger size
fractions on erodibility. The fraction of soil which passes the
No. 20 sieve was considered to be the erodible fraction. The

modified dispersion ratio was expressed as DR x (% passing No.

20 sieve) or DR20.

Surface Aggregation Ratio, S/A

The surface aggregation ratio; 3/A, is defined as the
ratio of parﬁicle surface areas‘in square centimeters per gram,
to the amount of aggregated silt and clay in -percent. Tahile VI
shoﬁs the determination of the aggregated silt and clay and the
calculation of the dispersion and sufface‘aggregation ratios.

Modified Clay Ratio, MCHR

- A modified clay ratio has been formulated which is:

MCR = {{% sand £ % silt)-x {percent passing No. 20 sieve] %




TABLE VIf - RATIOS USEP IN STATISTICAL ANALYSES

SOIL | - SURFACE DISPERSION ‘MOBIFIED " EL/PI RATIO PL RATIO
NO. | ASGREGATION RATIO CLAY RATIO o
"RATIO, .S/A. /DR20 HCR LFR PIR
L. -1.80. . 0,57 5,56 2+43 078
2. 0.68. . .| 0.39 - 2,27 1.82 V.46
B e 0089 ] . 0032 2,62 1.72 0,43
A ..B.40.. .|  .0.85 7.29 5.44 1.93
B | .. 0.65. 0.39° 1;88 2,00 10,50
. 1.8L. .. 0.47. 6049 2,87 0,93
2 ] . .40 . 0,76 2.22 4,43 1,71
8. fen 0,59 . | ... 0,28 1.84 1.8L 0.36
.9 ). .12 . _f.....0.65 : 5.41 . B.89 9,74
IO 073 L | 089 L . 2,46 2.51 D.82
I L 0,88 . ] .. 0:38 1,58 1,35 0.22
12 | 0.76. 0.55 0.98 1.34 0.19
.13 - 0,52 0,47 1.13 .57 0,41
.14 0.47. 0.43 1.16 1,72 -0+35
15 1,03 0,38 5,07 _ 2,24 0,42
18 2,75 0.53 12,07 606 2.21
17 . 0.52 0.28. 2.12 2,15 10,45
18 039 0.24 0.81 1.56 0.33

i e i e |

T T




TABLE VIII - EROSION DATA SUMMARY

CUMULATIVE SOII. RUNOFF, gms.

SOIL EROSION
NUMBER AT 3 MINUTES NUMBER B
B
LOOSE, E1 DENSE, Bg | E = Egq #.1E; EN = E/10 d
1. . 431,80 241,50 284,70 28,5 1.79
.2 . 465,70 . 69,20 115.80 11.6 6,73
3 .408.70 .107.20 148,10 14,8 3.81
4 . .298,30 434,10 463,90 46,4 69
5 526.70 171.80 224,50 22,5 3.07
_.6. .}. 1036.60 . 271,10 374,80 37.5 3,83
. 284,40 . 13,60 . 102.00 10,2 3487
8. .. 767..20. ..101.50 . 178.20 17.8 7.56
9. . .408,40 ..348,20 389,00 38,9 1.18
10 .298.40 121.80 151,60 15.2 2,45
11 432,30 87.50 130,70 13.1 4,94
12 271,70 61.80 89,00 8.9 4,40
13 198..80 43,90 63,80 604 4,52
14 370,20 38,20 75,20 7.5 9.69
.15 599.40 226,10 286,00 28.6 2.65
.16 1483,90 211.00 359,40 35.9 7,04
17 255,70 113,40 139.00 13.9 2.25
18 295,10 29.90 59,40 569 9.88

Average Ratio Ej = 4.46

Eq

mL'iTa

+ 11
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times from one teo six minutes. The results of‘thé:individual
tests were combined to give the average erosien for each
elapsed time,

In most eases, it was noted that the results started teo
show gredter tafiation after three minutes had elapsed. Usually, -
a channel eroded through the soil down to the surface of the
steel channel between an elapsed time of two and three mlnuteso
.From thls point on, sloughing into the ereded channel was a
randoin process and was the major cause of the sometlmes errdtic
results eV1dent durlng the last three mlnutes of the test.

It was 1nterest1ng to note the dlfferences 1n behavior
of the soils during the lqese test. The water cut a channel
down the center of tﬁe bed of soil when a silt,'seil No. 4 par-
tlcularly, was uged.. The soils which contained a large per-
centage of fine soil eroded the entire Wldth,of the.channel
from the upper end of the soil bed downstream; almost,ell of the
soil was carried out of the channel.

Dense Test Results

At least two runsﬂwere-made on each-soil in the dense
conditlon;' If the results of the two tests varied more than
about 15% from their mean, a third test was run. In either
case, the results were combined, andﬂan average cumulative ero-
'sioniwas computed for each elapse”d"time_e

Generally; the water flowed over the entire width of the

’[ .
soil surface. Clays, which possessed high or medium plasticity,
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showed no definite channels after being subjected to the water
jet for six minutes. The siity soils all exhibited a tendency
for a channel to form. Clays showed a'higher resistance to
erosion than did the silts.

After all of the erosion tests were completed; the re-
sults were studied, and it was found that the three-minute cu-
mulative dense erosion showed a maximum variation of about 12%
about its mean. .For fourteen of -the soils, this variation was
8% or less. The variation at six minutes showed a maximum va-
riation of approximately 16%. The three minute test results
showed the least variation in both the loose and dense states.
Thus, the three minute values were used in the statistical
analysis.

" Prior to making the statistical analysis, graphs of the
ratios versus dense erosion were'plottéde It was observed that

several of the ratios, especially MCR and S/A, appeared to cor-

‘relate quite well with erosion. However, in the case of MCR,

soil - No. 16 did not appear to follow the same trend as did the
seventeen 6ther soils.

All of the soil was observed to wash completely. out of
the channel in less than five minutes during one of the three
loose erosion tests ﬁhich’weré run 6n soil No. 16, .and erosion
measurements for this test were not -obtained. It was apparent
that the three-minute erosion was much larger than that of the

other two test runs. For this reason, the average result of the
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‘two measurable ruhsy as tabulated in Table XIX, should be con-
sidered as the minimum loose erosion value. It is possible
that this value should be as much as 50% larger than the tabu-
lated value. Because of the different behavior of 'soil No. 16;
the statistical anaiyses’were run with this soil included and
then omitted in order to determine what effect this soil had on
the overall correlation between erosion and the various ratios.

Erosion was expressed as three different quantities
which are:

l.) Eg = cumulative erosion, in grams, at the end

o% three minutes with the soil in the dense
moist state.

2.) E; = cumulative erosion, in grams, at the end

o% three minutes with the soil in the loose
air-dry state.

3.) E s Egq # 0.1B;

It was observed that the graphs of E; versus the various
ratios did not exhibit linear correlations which were as good as
the correlations between Ed and the various ratios. However,
it was felt that the loose erosion test results have some sig-
nificance and should be included in the erosion results.
Equation 3, which includes 10% of the loose erosion results,
was proposed.s

LINEAR REGEESSION: ANALYSIS

Linear regression analysis, which involved one inde-
pendent and one dependent variable, were performed to determine
the extent of the linear correlation between erosion and the

v
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various ratios. Equations for expressing erosion as a function
of a variable were developed in each case and took the form of
Erosion = A # B(Ratio). These equations were fitted to the
data by using the least squares criterion which requires the
sum of the square of the deviations of the observed points from
the straight-line moving average to be a minimum.

| Analyses of variance for regression were performéd in
order to determine the effect of each ratio on erosion. The
linear correlation was determined by examining the correlation
coefficient r, - According to Stéel (25), "A value of 1 for r
would indicate‘perfect linear correlation or a fuﬁctional re~-
lation between the two variables."” The square of the correlat=
ion coefficient, ;29 called‘the determination coefficient, was
also examined. The value of r2, in this case, is the propor=
tion of a total sum of squares which is attributable to the
variation of the imrdependent variable. High:values of r? then
ihdicate that a large portion of the variation of erosion is
dﬁe to the variation of the particular‘ratio under study.

~The equations of lines which express erosion as a func-

-tien of a particular ratio are given, along with the analysis

of variance tables and values of r and g?s in Tables XXI

through XXV in appendix F.

Linear Correlation and the Effects of the Ratios on Eresion

MCR and S/A were the only two ratios which exhibited

linear correlation with loose erosion when .soil No. 16 was
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included. The exclusion of soil No. 16 in the analyses showed

that none of the ratioes exhibited an acceptable degree of cor-

. -relation with loose erosion.

The vélue of v for the correlation between MCR and Eqs
soil No. 16 included, was .736, while the value of T? was 0.542.

This r? value indicated that only about 54% of the variation in

‘E1 was due to the variance of MCH. The r and £2 value for the

correlation between Eq and_S/A were .583 and .340. Obviously,
MCR .exhibits the better correlation with Ej.

.Of all the ratios, the modified clay ratio, MCR, was

found to have the most significant effect on By El, ahd-Ee

It exhibited the best linear correlation when erosion was ex-
pressed as either E or Ez. When soil No. 16 was included in
the analysiss'thelg values were 8447 when E was used and .7319
‘when.Ed was.used. The r? values indicated that about 71% of
the ﬁariaﬁion in B and 54% of the variation in Ey could be aﬁf
tributed to the variation in MCR. The omission of soil No. 16

resulted in an improvement of the linear correlation.. In this

© case; the:£ values were °9){80'and »9372 when E and Ey were

used. The r? values indicated that 90% of the variation in B
and 88% of the variation in Eq could be attributed to the vari-
ation in MCR. | |

’The analygis oflvariance for regression showed that the
sﬁrface aggregation ratio, S/A, had a ﬁery significant effect

on both B and Eg, but the linear correlation was not as good as
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that exhibited by MCR when soil No. 16 was omitted. The r
values were .8050 and ;7309 for E and By respectively. These

values were nearly the same as those obtained when MCR was used
and soil No. 16 was included. | ”

It was found that the liéuid limit-plasticity index ra-
tio, LPR, did not exhibit as good a linear correlation with E
or E4 as did MCR or 8/A. 1In thié case, soil No. 16 included,

the r values were .7012 and .6530 for E and Ej. The analysis

"of variance for regression showed that LPR had a significant

effect on E and Eg-

fhe plasticity index ratio had a significant effect on

E at the 1% level when soil No. 16 was included, but the r

value was only .5921. The modified dispersion ratio also ex-
hibited poor linear correlation with erosion. The highest r
value in this case was <5575 when E; was used with soil No.
16 omitted. ' The analysis of variance indicated that DR20 had
a significant effect on Ey, soil 16 omitted, at the 5% level.

After reviewing the above analyses, a multiple linear
regression.analysis was run to determine the effects of four
of the ratios, MCR, S/A, LPR, and DR20, and several combi-
nations of these ratios, on erosion. It was found that the
MCR was responsible for almost all of the linear correlation,
and the inclusion of S$/A, LPK, and DR20 did very little to
improve this correlation.

The graphs and equations for erosion expressed as
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functions of MCR and S/A are shown in figures 9 through 1.4,

For the dense condition, the results of tests on soil 16
were reproducible. Examination of figures 10 and 13 will show
that soil 16 does not appear to follow the general trend shown
by the other seventeen soils.

hs mentioned before, the Ej value for soil 16 should be
considered to be a minimum value. If this value were to be in-
creased by 50% to 2230 gramé; the resultant value of E.wguld be
434 grams. This would raise soil 16 above its location as
shown in figure 9 and would result in a better degree of linear
correlation,

The evidence that an occasional soil exhibits an ero-
dibility which deviates widely from that predicted by indirect
indicators lends further support to the argument that a direct
erosion test is a superior basis for a soil erodibility class-
ification system.

DISCUSSION

The graphs of erosion as measured in the laboratory ver=
sus the surface aggregation ratio and the modified clay ratio
show that erosion increases as.the ratios increase. These ob-
served relationships follow the same trend as the relation-
'ship between erosion measured in the field and essentially the
same two ratios as observed by Andersoh (3) and Bouyoucos (6).

The modified dispersion ratio seemed to show very little

correlation with erosion as it was measured in the laboratory.
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This is not in agreement with the findings of Middleton (15),
but it does agree with the findings of Adams (1) and Peele,
et al. (21}, Bouyéucos suggested that his clay ratio might be a
better erosion indicator than the dispersion ratio. This has
been shown to be definitely so in this study.

At the beginning of this study it was hypothesized that
the PI would correlate well with erosion and could then be used
as an erosion indicator. The PI, as such, showed very poor cor-
relation with erosion. However, the plasticity index ratio
showed a fair correlation with erosion. The liquid limit=plas-
ticity index ratio exhibited a slightly better correlation with
erosion than did the plasticity index ratio. However, neither
of the ratios exhibited the degree of correlation with erosion
that was shown by the MCR and $/A ratios.

The correlation of laboratory erosion with essentially
the same factors that have been shown by others to correlate
well with field erosion indicates that the laboratory erosion
test is furnishing results which compare qualitatively, at
least, with field erosion. This suggests that the laboratory
- erosion test can be used to determine the relative erodibility
of soils, or in other wordsg'to~éléssify,soils'directly as to
their potential erodibility. '

It is the writer's“belief‘that? by using the standard
erosion test, or some similar direct erosion test, to measure

the erodibility of the fine grained soil in question; the
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engineer or land manager will have a better and more dependable
estimate of the potential erodibility of the soil than he would
if he utilized the surface aggregation ratio, clay ratio, or
some other indirect erosion indicator.

Utilization of the Laboratory Erosion Test

It is proposed that the results of the laboratory ero=-
sion test be used to determine an erosion number for any par-
ticular soil. This number is expressed as EN = %Oa The EN
would range from O to 50 or.more {L6.4 was the largest of the
13 erosion numbers determined in this investigation), with O
indicating no erodibility and 50 or more indicating extremely
high erodibility. The erosion numbers of the soils studied in
this investigation ére given in Tables VIII ahd XI. The ero-
sion number is believed to provide a better measure of relstive
erodibility than any indireect erosion indicator or predictor
such as surface aggregatiqn ratio, clay ratio, dispersicn ratio,
or erosion indé?ca

As an example of how the erosion number is used to
classify soils, consider soils 5, 10 and 18. The erosion num=-
bers for these three soils, which are 22.4, 15.2, and 5.9, show
5 to be about four times as erodible as 18, and soil 10 to be
about three times as erodible as 18. These soils are all
classified as CL under the Unified Soil Classifiication System.

Erosion indices for these three soils were calculated according

to the method illustrated on page 9. A11 three of the indices
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fell ¥dnder the same erosion class.

The equations for erosion which have been developed

could be used in lieu of the actual erosion test to get a rough

estimate of the erosion number. The best estimate would be ob-

tained by determining the MCR and using the equation EN =

2y # 56(MCR) + 10, This equation cannot be considered appli-

eable to all solls, ‘but 1t will produce a reasonable egtimate

of EN when applied to soils similar to the soils upon which tﬁe'

equation is based. The use of the equation would not, of course,

evaluate the erosien number as accurately as the actual perform-

anee of the erosion test.

It was found that all but one of the seils tested eroded

more in the dry loose test than in the dense test, This sug-

gests that soll moisture and density have, in some instances, a

significant effeet on soil erodibility. Borst and Woodburn (7);

and Free (12) found that a wet, slightly compacted soil eroded:

more than a loose

dry.soil° In their case, the loose dry soil

‘apparently absorbed most of the applied moisture. This would

reduce the amounf
erosive action of
tiveiy large flow
depth of soil gnd
rate to transport

rate of the loose

of overland flow and thereby decrease the

the water., In this investigation, a compara-.
éf‘water was applied to the soil. The shallow
the ability of the comparatively large flow |
the soill was responsible for the high erosion

air-dry soils.’

The cohesion of the soil in the molist dense condition
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accounbed for the cemparatively'low'etoéion retes of the soils
in this condition. |

The ratios of El which are tabulated in Table VIII, for
each soil were examineg and were found to range between O 69
and 9,88, The average values for all of the solls tested was |
uohéo This means that, on the average, the soils were about
4.5 times as erodible in the loose air-dry state as they were
in the dense molst state. |

The writer feels that the ratio of ®1 has some value in
pointing‘out‘the influence ef,compactien.agg moieture.@n erodi- -
bility; This'ratio could- be used'by‘engineers to egtimate the
feagibility of compactihg fill slopes for. erosien reduction :
purposes° Vaiues of Ei near 1 indicate that nothiﬁg would be
gained by eoﬁpacting Eﬁe £fill slopes, while a value of 10 indi-
cates that compactlon would be highly de51rab1ea It is signiw

ficant that all but one of the soils studled in this investlgam

tion had a value of E; greater than 1,
o B, ‘
Comparison With Packer‘s Test Results

The six soll types which were. studled by Packer and were
included in this study are listed in Table IX by number, sample
name, and soil type. | ' )

Soil 5 was taken from the overburden at the top of a
road cut through basalt. It is possible that this soil differs
from that stﬁ@ied by Packer. So0il 9 ﬁas’teken from a site which

was a considerable distance from faoker's site, and there is no
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assurance that this soil is similar to the soil at his site.

- TABLE IX: SOILS STUDIED BY PACKER AND HOGAN

180IL NO. SOLL NAME , EN SOIL TYPE
1 BITT #21 28.5 |GRANITIC .
5 CLEAR #6 22.5 | BASALTIC
6 CLEAR #13 37.5 | LOESSIAL
7 FLAT #13 10.2 |GLACIAL SILT
9 GALL #2 38.9 | ANDESITIC
10 LOLO #18 15.2 |HARD SEDIMENTARY

Table X lists the soils described in Table IX in the or-

der of increasing erodibility as determined by Packer and Hogan.

With the exception of the glacial silt, the agreement is pro-

bably as good as can be expected, for reasons that are explain-

ed below.

TABLE X: COMPARISON OF RELATIVE SOIL ERCDIBILITY
AS DETERMINED BY PACKER AND HOGAN

PACKER

THIS STUDY

S0IL TYPE

SOIL TYPE

EROSION NO., EN

.Hard Sedimentary

Glacial 23ilt 10.2
Basaltic Hard Sedimentary 1542
Granitic Basgltic 22,5
Glacial Silt Granitic 28.5
Andesitic Loessial 37.5
Loessial Andesitic 38,9

The sites which Packer studied were actual road bed

cross-sections, some of which contained large amounts of coarse

rock particleg larger than the No. 4 sieve size. The erosion

test was conducted on material which passed the No. 4 sieve, and

consequently the erosion‘retérding effect. of the coarse




Joe L Ll L%

-63-

particles was not included in the test results. This may be

the cause of some of the lack of agreement as shown in Table X,

Soils 5, 6, and 9 were taken from tﬁe general area of
Packer's test sites, and it is quite poessible that these soils
are entirely different from the soils which occupy the actual
test sites. This could account for some of the lack of agree-
ment shown above.

There is also the possibility that Packer's test sites
were subjected to different amounts of precipitation or snow-
melt runoff which could alse account for some of the disagree-
ment evident in Table X.

General Observations

The cbnditions under -which the laboratory test was run
can bé compared to the following field conditions:

1. No ground cover at all.

2. Fine grained surface layer of soil.

3. No physical obstructions in the path of eroding water,

L. A thin layer of soil (1%") over an impermeable
stratum which might be bedrock or frozen soil.

The above conditions approximate the worst conditions
that occur in the field. This suggests that the test results
give the maximum erodibility under the standard_test‘conditions.
An increase in ground cbver, percentage of coarse particles,
number of obstructions, and thickness of soil layer are ex-

pected to decrease the erodibility of the soils.
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CHAPTER V
SUMMARY AND CONCLUSIONS
SUMMARY OF TEST RESULTS

A practical and simple laboratory erosion test for de-=
termining the relative erodibility of fine grained soils has
been developed. The results of this erosion test have been
correlated with several physical soil charédteristicss two of
which are the modified clay ratio and the surface aggregation:
ratio. The clay ratio and surface aggregation ratio have been
found by others to correlate well with actual field grosionq
It has been found that the laboratory erosion test results, as
well as field erosion measurements, display an increase in ero-
dibility with an increase in either ratio.

The dispersion ratio and two other ratios based on the
liquid limit and plasticity index were also investigated; how-
ever, the correlation with erosion was quite poor.

Several equations were developed to express the labora-

tory erosion as a function of either the modified clay ratio,

MCR, or the surface aggregation ratio, S/h. The equations

which will most satisfactorily describe these inter-relation-
ships are:

B
B

24 £ 56(MCR), or EN = 2.4 £ 5.6(MCR) (1)
28 # 174{S/A), or BN = 2.8 £ 17.4(S/A)(2)

LI

In these expressions, the erosion; E, for a given soil

is described as the cumulative weight, in grams, of soil runoff
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at the end of a three minute test on the soil in the loose, air-
dry condition. The erosion number, EN, is merely %%e
Equation (1) showed the best linear correlation, and the
MCR was found to have the most'significant effect on the ero-
dibility of fine grained soils.

CONCLUSIONS

The results of the proposed standard 1aboratory erosion
test, when expressed as an erosion number, EN, provide a basis
for classifying disturbed fine grained soils as to their rela-
tive erodibility. The modified clay ratio, MGRz and the sur-
face aggfegaﬁion ratio, S/A, correlate quite well with standard
laboratory ercsion. Both of these ratios increase with an in-
crease in erodibility.

The liquid limit and plasticity index, when expressed as
LPR or PIR, and the modified dispersion ratio do not correlate
well with standard laboratory erosion. |

RECOMMENDATIONS

It is recommended that the proposed standard laboratory
erosion test, or some similar test, be used to classify fine
grained soils as to their relative erodibility.

If facilities for performing the standard erosion test
are not available, it is recommended that the modified clay ra=-
tio be determined for the soil in question. The erosion num-
ber may be estimated by ﬁsing the following formula:

P EN = 2.4 # 5.6 (MCR)




I L Lol Ll bl ol

6=

It is emphasized that the use of the formula is an al-
ternate method and will not evaluate EN as accurately as the
actual performance of the test. The above equation is appli=-
cable only to fine grained soils which are similar to soils up-
on which the equation is based.

The use of the Standérd laboratory erosion test to clas-
sify soils as to their relative erodibility is considered to be
superior to the use of indirect erosicn indicators for a similar
purpose. |

RECOMMENDATIONS FOR FURTHER STUDY

‘It is recommended that the next step in the further de-
velopment of a standard erosion test should be the investi-
gation of the effects of coarse material on erodibility. The
first phase of this investigation would involve the study of
soils which contain widely varying amounts of coarse sand. The
second phase sould involve the study of phe erosion retarding
effects of coarse material which is larger than coarse sand.
Then, field test sites should be eétablished and erosion on
these sites measured and compared to the erosion as predicted
by the use of the standard laboratory erosion test. A simi=
larity in trends or results between laboratory and field ero-
sion would verify the validity of the test. It will then be
necessary to develop transfer coefficients which will directly
relate the laboratory and field erosion‘results0

The dense moist phase of the erosion test is complicated
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and time consuming and appears to be a serious disadvantage
of the proposed standard test. It is recommended that the use
of a moist loose; or lightly compacted soil condition, in place
of the dense moist soil condition, be investigated° If results
indicate that the moist looée‘or‘lightly compacted state will
furnish satisfactory results, then the test procedure would be
simplified, and the time required to perform the test would be
greatly reduced.

It is further recommended that the apparatus be used to
study the effects of slope changes, change in discharge rate,
different soil treatments,; different soil conditions, and vary-

ing amounts of ground cover.
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APPENDIX &
PhOPO&EJ STANDARD ERU&TUN TEST PBUGEDURE

The opeCLal apparatus necessary for the performance of
the laboratory er051on test is 111ustrated in figures 1 through
6 in the tcxta
Samgle |

Obtain approximately iQQ pounds of disturbed soil from
" the field and spread it out to air dry in the léboratorye
After the soil hés_bécome‘thoroughly air~dried; set aside a
representétive sampleg about 15 pounds, Whlch,WLll be used for
tests other than the' erOSLQn test

Sleve ‘the remainder of the sample over the No. 4 sieve.
Break up the aggregatlons whlch are larger than the No° L 51eve
" with a rubber mallet and sieve the materlal again. Repeat thls
process until only cocarse gravel and rock particlés remain on
- the sieve@‘zaiscard the overSizé materialgqiThé‘aggregations
should be reduced in size so that they will just pass through’
the No. 4 51eveo It is not necessary or desirable to ‘reduce
the aggregatlons to the 1nd1v1dual pa“tlcles of which they are
comprised. Perform the standard AAQHG Mom%ture~Denslty Re=
lat:onshlp test (AﬁSHO Designation T99 579 Iethod A oh‘a rep=
resentative $ample of the prepared soil.

Test Procndnre

Plaom approx1mately 12 pounds of the alr»dry SOll whlch

has‘been prepared as described abovo, loosely in the‘steel
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chahnel. Screed the soil surface off level with the top of the
qhannela

Adjust the soil bed support to a 50% slope. Place the
soil bed on the support and adjust the reservoir both vertically
and laterally so that the lowest extremity of the standard ori-
fice is 7" above a point on the soilrbed which is 30" from the
downstream end and centered between the side-boards.

Place the splash protector at the upper end of the
channel and place the diversion chute beneath the orifice. Ad-
just the water temperature to 70° F & 1° and adjust the head
for a discharge of 700 % 5 ml/minute.

- Place a 1000 ml. cylinder below the runoff chute and re-
move the diversion chute? Note the time to first rﬁnoff and
change cylinders at one mihute intervals thereafter for three -
minutes.

If the soil is highly erodible, it is possible that the
1000 ml. cylinders will not be sufficient to contain all of the
runoff water and eroded sediment. In this case, the runoff can
be collected for the entire three minutes in a large container
such as a pail.

Determine the tare weights of each of the cylinders to
the nearest 0,1 gram. Determine the total volume and weight
of the combined sediment and water in each of the three cylin-
ders to the nearest milliliter and nearest 0.1 gram respective=-

ly. Compute the dry weight of the sediment as follows:
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Wg = G (Wy - Vﬁ?fw?).

G -1 V
Wg = dry weight of sediment
Wt = combined weight of sediment and water
Vg = total volume oflsediment énd water

Ew = unit weight of water

G = specific gravify'of the soil particles
Erosion is then expressed as the cumulative WS at the end of
three minutes.  If a large container is used to collect the soil‘,
runoff, detérﬁine theytotél welght of the comﬁined’éediment and
water; pour the mixture intograduated cylindefs“and,determiﬂe
the total volume to the‘nearest milliliter.

At.leést two loose erosion téété'should be made on each
soil. Run a third test 1if the resulfs of the first’two tests
vary more than 15% abouﬁ their mean;_‘Erosion, Ej, 1s them ex-
pressed as an average ofﬁﬁbe individual test results.

Next, perform phasge two of ﬁhé test., This phase is ﬁerf
forﬁed exactly as described‘above execept for the plaéement of
the soil in the soil bed: . ‘

Add enough water to aboub 16 pounds of the prepared air-
dry soil to bring it wp to i1ts optimum AASHO water content. Mix
the soil and water thoroughly and place it in the‘steel channel
in one uniform 1lift. " Compact the seil with 338 uniformly |

distributed blows of a steamdard 5.5 lb. AASHO compaction
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hammer. Remove the side-boards fiom the channel; screed thé ex=
cess material off even with the top of the channel, and replace
the side-boards. Check the water content of the soil by taking
a sample of the excess material which has been screeded off.
Place the soil bed on the soil bed support and proceed as de-
scribed above.

If the result of two repetitions of the dense test vary
more than 15% about their mean, repeat the test a third time.

Erosion, Eg, is expressed as an average of the individual test

results.

The final results of the laboratory erosion tests are
expressed as an erosion number which is:

EN = 0.1Bgq # 0.01 Ey-
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f : APPENDIX B
; TABLE XI, SOIL CLASSIFICATION
\\ - -
SOIL ‘ ) | CLASSIFICATION = |EReSION
‘NO. NAME LL | PI N NO.
' 3 ~ ‘| AASHO " |UNIFIED | EN
1 | BITT #21 , . 81.0 | 9.54=4 (8) CL, SC | 28.5
" 2 | BRAGKETT CR. 39.8 |19.4 {A=6 (L0) [ CL | :11.6
3 | BRIDGER. 40,2 |19.1 |A=6,A-7 | CL | 14.8
e : N OE D . .
~4. | CARD #1 28.25| 5.1 |A-4 (8) ML 46.4
5 |.CLEAR #6 | 39.8 |16.4 | A-6 (9) 6L 22,5
.8 | CLEAR #13 B0s8 | 74 |A=2-4- sM 37.5
I ol 1 - (0)
7 | FLAT #13 ... 25,35(, 5.5 |A-4.(8) ML-CL 10,2
8. |GALL #1 504 | 85,5 |A=7-..6 CL~-CH 17,8
: ' : (15} . :
.9 |GALL #2 52,6-|12.4 |A=7-5  |IH 38,9
: (11).- .
10 |LOL® #18.. 30.4 {10.8 |A=4 (8} cL 1502
11 | MOGSE CR. 62,4 | 38.5 |A=T7=6 CH 13,1
' o ‘ (18) ‘
12 | MOGSE #2 - 70,7 |46.4 |A-7-6 CH 8.9
1. ' - (20) :
|43 . |¥. FK. BRAGKETT 88,1 |[20.0 |A=6 (12) |CL 64
|---14 | GRCHID CR. 48,5 |27.1 |A-7-6 6L 7.5
, | I (17)
<15 |RAT LAKE 52,9 [18.7 |A-7-5 SM, MH | 28,6.
(7) ' .
16 .|SQUAW CR. 27.4 | 2,7 |A-2-4 sM 35,9
: ' S (0). -
17 . |TAYLOR FORK 47.5 120,3 |A=7-6 ME~QL 13,9
’ . . .- e . ' (15}
18 [TAYLOR #2 148,2 |28.3 |A-7-6 Jen 5.9
e : : (r7y | .
\|
~
—

. :
. 1

4
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APPENDIX C
EROSION TEST RESULTS




TABEE XIT - EROSION TEST RESULTS =

|- .soI1L ) comp. . o ROV NDMBER - .. - _ .| TorAL AVERAGE
~ "No. | LGOSE, TIME, ACCUNULATIVE S6I1, RUNOEF, GMS. : S
..l |-DENSB | -min, .| ... 1 -7 2 3 4 5
1 12657 109,2 130.6 36605 . 122.2
2 257.7° | 23L.8 31%.1 | - 802.6. 267.5.
L "3 403.3 375.6 516.6 | 1295.5 431,.8
1 : .4 553.1 581.9 643:4 "] 1778.4 592,8
e ...600.2 .| 740.4 852.6 [ 2193,2 731.1
6 678.8 98%.4 - | 1210.1 | 2892,3 957.4
1 103.6 - | 96,2 : 199.8 | 99.9
2 175.2 | 169.9 | T 545.1 172.5
3 248,79 834,3. ! : 483.0 241,5
B 4 303,3 | - 292,1 S 595,4 297.7
' 5 377.8 354.6 . _ 732.4 366.2
. 6 445,7 416,53 , /872,60 436,0 |
1 126,.8 147.8. — F "~ 274,6 157.5
2 307.3 3284 o 635,7 317.9 |
.. .3 - 464,1 467.3 |- . 2 931.4 465,7
4 577.8 598, 1 _ R 1175.9 587.9
5 698.8 721.0 R ¢ 1419.8 709.9
. 6 804.2 8349 7 t 165809 N 81994
2 1 32.9 41,0 |- T 73,9 36,9
2 45a0 500? . 959‘@7 4698
5] 3 6345 74,9 . ¥  138.,4 69.2
4 74,9 85,4 | | 159.4 79.7
5 © 89,7 - 97,1 ; 186.8 93.4
6 110.6 119.4 .} 230,0 115.0
3 1y ,
‘.' —/:\3
> ,_/’ )

d 1T




TABLE XIII - EROSION TEST RESULTS

SoIL | cenb... . RUN NUMBER TOTAL AVERAGE
NO. | LOOSE, TIME, ACCUMULATIVE SOIL RUNOFF, GMS. :
| DENSE .. .-].--min. .1 2 3 4 -

1 154,3 159.0 159.0 452,53 150.8

4.2 |.... 249.6 304.6 279.2 833,4 277.8

L C B | . B85,3 . 438,.8 401.9 1226,0 408,7

. 4. | . ...B11.3...|...580.4 | 507.6 1599,53 533,1

o B ] e B41.6 771.%7 770,.6 2183,9 724,6
3 ol B ] 102666 |..1352.7 |1291.6 2318.2 1159,1
Ja L .. 4v.4 ] 48,2 ' 95,6 47.8

. .2 ]... .68.1 73,7 141.8 70.9

.D -3 | . .100.2 114,53 214.5 107.2

. 4 . 130.6 142.0 272.6 136.3

N 5 170.3 174.4 344.,7 172.3
6 218.8 224,6 443,4 221.7

1 79.4 56,2 1.7 207,3 69.1

o .2 .. 175.8. 153,2 164.4 493,4 164.5

-L.. 3. |. . _.341.8 . | . 291,0 262.0 894,8 298,53

R S . 590.4 404.8 486,.6 ;| 1481.8 493,9

5. 917.4 517.0 610,2 7| 2044.6 681.5

4 .6 1314.9 803,.2 7559 2874.0 958.0
1 150,7 131.7 282,4 141,2

.2 284.9 260.9 545,8 272,9

D .3 423,9 444,2 - 868.1 434,1

4 5534 600.5 1153.9 576,9

5 . 681.2 748,0 1429.2 714.6

6 816.2 982,5 1798.7 899,.3

=9Lm
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. FABLE. XIV - ERGSION ‘TEST RESULTS

v/

SOIL | COND. RUN NUMBER TOTAL AVERAGE|
" NO., | LOOSE, | TIME, AGCUMULATIVE SOII. RUNOFF, GMS.
.. DENSE . mine 1 2 3

1 -1 ). ... 138.3 124.6 26279 131.5
) .2 . .342.3 | 336.6 678.9 339,4
I T A B b . B27,7...] ... 525.8 1053.5 526.7
A& .} ....683.1.. | .748,3 1431.3 715.6
" B 9753.0 1095.3 2068, 3 10%34,1
5 . . 6. ) ....1229.7 | . 1307.8 2537.5 1268.7,
1 .91:5 75,2 70,1 2%4,.8 78,3
i b2 156.9 108.4 100.4 365,7 121.9
B .3 230,2 150,82 135.0 - 515.4 171.8
"4 286.1 184.,0 | 155.7 625.8 208.6
5 353.6 219,.2 178.2 751.0 250.3
6 423.0 254.9 210.6 888,5 296.2

1 266.0 221.4 236,0 723.4 241.1 |
2 526,0 518.9 501.0 1545,9 515.3
L 3 1092.0 1062.9 955,0 3109,.9 1036.6
4 1483.5 1516.9 | 1377.0 - 4377.4 1459.1
5 1767.5 1932,9 | 1639.1 5339.5 1779.8
6 6 2073.5 2475,9 | 2051.1 6600,5 2200.2
1 141.4 129,.6 134.0 405,0 135,0
2 211.6 184,9 216.6 613.1 204.4
D 3 276.8 239,7 297.6 813,2 271.1
4 335,1 278.3 349.3 962,7 320,9
.5 397.1 322,53 452,0 1171.4 390,5
‘6 467.3 376.3 505.5 13491 449.7

;LLn
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. _..TABLE XV - ERGSION TEST RESULTS.

.| S0IL | .COND. . — RUN NUMBER : o TOTAL AVERAGE
No. | LOOSE, TIME, ACCUMULATIVE SOIL RUNOFF, GMS, .
DENSE. . min,. . -1 2 3 z

1 85,7 71.0 156,7 783 .

ce B L. 175,38 153.5 328.8 164.4
b 3 | ..28356.] 285.2 568.8 284.4

- . A 390,5 409.2 799.7 399.9

5 - ..AB2,6 513.4 996.0 498,0

7 .6 . ..580,4 | 615.8 1196,2 598,1

1 37.0 32.5 69,5 34,7

2 . .. 5244 57,6 110.0 55,0

. D 3 74,4 72,8 147.2 73,6

s -4 87.5 87.7 175,2 87,6
5 . 107.2 105.8 213.0 . 166,5

6 129.7 | 132.2 262.0 131.0

; Slon) o2 .107.7.). 187.2 205.0 185,0 | 685.3 171.3

2 313,7 367.2 425,0 513,9 1619.8 405,0

L . 3 740,7 729,2 774,0 824.9 3068,8 767.2

4 1698,7 | 1037.7 |1034.0 | 1179.9 4350,3 1087.6

5 1344,.,2 | 1453,7 |1211.6 | 1551.5 5561,0 1390,2

8 6 1532.8 | 1798,7 |[1360.1 | 1976.0 66676 1666.9

1 " 56,7 45,0 - 101.7 50,9

.2 83,2 65,0 148.2 74,1

D 3 113.6 89,3 202.9 101.5
4 138.0 103.4 241.4 120,7 -

. 5 165,1 | 124.0 - 289,1 144,5
' 6 .193.8 145,7. 339..5 169.8

-8l
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..-TABLE XVI - EROSION TEST RESULTS

SOIL | COND. RUN NUMBER TOTAL ~ [\ AVERAGE
NO. | LOOSE, TIME, | ACCUMULATIVE SOIL RUNOFF, GRAMS :
DENSE min. 1. 2 3 4
1 112.6 112.2 89.0 313,8 104.6
2 260,.1 285,0 246,23 791,3 263,8
L 3 436,1 422,3 366.8- 1225,2 408,4
4 595,3 588,7 460,7 - 1644,% 548,2
5 890.8 880,7 644.6 2416.1 805,4
9 6 _ 1 1176.3 | 1059.2 973,6 3209.1 1069.7
o1 110.2 108.6 : 218,8 109.4
2 221.5 230,1 451,6 225,8
D 3 349,2 347,3 696,5 348,2
4 496,7 459,0 955,7 477,9
5 629.0 578,8 1207,.8 603.9
6 773, 697.,5 1471,2 735, 6
1 78,1 77.5 155.6 77.8
2. 179.4 170.9 350.3 175.1
L. .. B .292.4 304.4 596,8 298.4
4 - 369.6 396,41 7657 382.8
5 439,1 487 .4 926,5 463,3
_.10 6 . . 510.4 576, 6 1087,0 543.5
: 1 56.2 50.1 106.3 53,1
2 81.6 79.9 161.5 80,7
D 3 126.5 117.1 243.6 ‘121.8
4 154,0 152.8 30648 153,4
5 183.1 174.1 357:2 178.6
6 218,5 2047 423,2 211.6

~
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TABLE XVII - ERGSION TEST RESULTS

- ' SOIL | COND. RUN NUMBER TOTAL AVERAGE
‘ NO. | LOOSE, TIME, ACCUMULATIVE SOIL RUNOFF, GMS, :
DENSE mine 1 2 3 4
1 132,0 131.0 136,7 399,7 133,23 |
2 . 271.3 291.1° | 2v2.3 834,7 278.2
L .3 .. 402,8 |.. 484,7 409,5 1297.0 432,3
.4 . .641,8 748.2 684.7 2074,7 691.6
5 .....868.8 913%,8 856,2 2638,8 879.6
11 .6 973,0 | 1288,8 | 1064.8 3326, 6 1108,9
1 38,1 33.6 71,7 35,8
2 574 55.1 112.5 56,2
D 3 86,5 88.6 - 175.1 87.5
4 106.2 110.4 216,6 108,3
5 130.7 1357  266.4 133.2
| 6 161.6 163.2 324,8 162.,4
1 - 58,5 69.1 127.6 63.8
2 148,7 167.4 316.1 158,1
L 3 258,4 285,0 543,4 271.7
4 357.6 391.5 749,1 374,5
. 5 448,3 478,2 9265 463,2
12 6 5366 555,2 1091.8 545,9
1 19,7 19.4 39,1 19,5
2 35,6 35,9 715 35.8
D "3 60.9 62,8 123,.7 61.8
4 79.8 76.0 155,8 77,9
5 100.9 93,6 194.5 97.2
6 © 11668 112.8 _229.6 114.8

=08~
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- ...TABLE XVIII - EROSION TEST RESULTS

SOIL | COND. : RUN NUMBER , TOTAL AVERAGE
NO. | LOOSE, TIME, ACCUMULATIVE SOIL RUNOFF, GMS. -
DENSE min, 1 2 3 4
1 85.5 84,2 169.7 84,8
2 137.1 136.4 273,5 136.7
L . 3. . 203.0 194,7 - 397,7 198,.8
4 . .257,8 245,4 503,5 251.7 |
5. . B332.1 297.2 629.3 314.6
13 .6 402.0 %65,9 767.9 383,9
1 235 18.4 41,9 20.9
2 30,3 23,4 53,7 26.8
9] .3 49,2 38,7 87,9 43,9
4 56,0 43,9 99.9 50.0
.5 63,1 48,0 - 111.1 55.5
6 80.4 63,9 144.3 72,1
1 101.7 81.8 183.5 91,7
. 2 . .232.9 | .241.8 474.,7 237.3
L 3 370.3 370,2 740,5 370.2
4 468,9 463.9 952,.8 466.4
5 564,1 566.3 1130.4 565.2
14 6 670.4 662, 6 1333,0 666.5
1 13.2 14,2 27.4 13,7
2 20,7 24,2 44.9 22.4
D 3 37.1 29,3 76,4 38,2
4 40,0 44,3 84,3 42,1
5 48.8 50.6 99,4 49,7
6. 6609 74,6 141.5 70,7
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TABLE XIX -~ EROSION TEST RESULTS

SOIL | COND.. RUN . NUMBER TOTAL AVERAGE
No. | LOOSE, TIME, | ACCUMULATIVE SOIL RUNOFE, GRAMS .
... . |..DENSE. .|...—min,, 1 .2 3 4
el . 141.0 127.7 268,7 134,53
. . 2. 293,5 294.4 587,9 293,9
L .3 ..893,5 605.4 1198,9 599 .4
.4 .. |.... 854,5 891,9 1746,.4 873,2
5 ..1132,0 | 1228.9 2360,9 1180.4
15 e | _.1597,0{ 1476.2 3073,2 1536.6
1 . 101.0 94,5 195.5 97,7
.2 . 166,6 149,5 316.1 158.1
b . Y .. 256.9 215,3 452,2 226,6
4 ...297:6 275,2 572.8 286.4 |
.5 363.5 33004 693.9 346,9
6 _427.6 39%.3 | 820,9 . 410,5
1 .. 1650 | A11 of 67,2 232.2 116,1
, .2 . . 709:0 | soil 610.2 1319,2 659, 6
L 3 1276,5 | slumped _ [1691.2 2967,7 1483,.9
4 151%.5 | out by 3" [2632.2 4145,7 2072,9
5 1882,5 | 505. No
16 6 2297:5 | meas. made .
1 101.4 105.5 206.9 103.4
2 146.8 154.4 301.2 150,.6
D 3 204,.8 217.2 422,0 211.0
4 260.2 266,7 5269 263.4
) 299.8 317.4 617.2 308, 6
6 360,.8 372,0 732,.8 36604
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TABLE XX - EROSION TEST RESULTS

—m‘€8é ‘

SOIL | COND. ... RUN NUMBER ' TOTAL AVERAGE
NO., | LOOSE, TIME, ACCUMULATIVE SOIL RUNOFF, GMS.: s
.. | .DENSE .. |._min. "1 2 3 4
1 7505 55,2 130.7 65,3
2 173,97 162,5 336,2 168.1
5 3 259,5 251.9 511.4 255,7
4 . .Bl1.5 308.5 _ 620.0 310,0
5 . 377.8 358,7 , 7836.5 368.2
117 . 6 435, 6 425,5 861.1 43005
o1 . 57,0 | - 61l.0 ' 118,0 59,0
2 77.5 89,7 167.2 83,6
B . 3. 105.8 |..121.0 - . 226.8 113.4
4 .-121.9 142.6 264.5 132.3
5 137.2 | 163.5 300,7 150,3
6 158,1 188,0 ] , 346.1 173.1
1 68,2 . 57.6 1 125,8 62.9
2 192.5 | 142.9 335.4 167.7
L 3 321.1 269,1 590.2 295,1
§ 4 442,1 335,9 798.0 399,0
5 547.9 429,9 977.8 488.9
.18 6 6441 508, 2 1152,3 576.1
‘ 1 9.0 11,5 20,5 10.2
2 11.81 15.8 27,6 13.8
D 3 27,5 32,3 59.8 29,9
4 29,2 36,9 6601 33,1
5 36,1 48,1 84,2 42,1
6 52,6 65,7 ‘ 118.3 59,1
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APPENDIX D
GREAPHICAL PRESENTATION OF EROSION
TEST RESULTS
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APPENDIX E
GRAIN SIZE ACCUMULATION CURVES
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APPENDIX F
ANALYSIS OF VARIANCE TABLES
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TABLE XXI - ANALYSIS. OF. VARIANCE. FOR REGRESSION - MCR

EROSION SOURCE OF o ar | SUM OF MEAN F
. VARIATION| . ' SQUARES SQUARE .
#16 REGRESSION 1.. 194,978,11 |194,978.11 39,86%%
ABOUT. REG. - 16 78,268, 99 4,891.81
IN TOTAL 17 273, 247,10
E- | (a) T = 8447 T2 o 7135..]. .. .
REGRESSION | .. 1 ..[..222,113.12 [222,113.12 133, 21%*
#16 ABOUT REG.. . .15 . :25,011.03 1,667.40
ouT TOTAL 16 247,124,15 |
(b) r Z-.9480. | r®= ,8987. .
REGRESSION. | .. .1 -.118,615.21.}118,615.21 18,46%*%
#16 | ABOUT REG. .| 16 ..102,807,13 | 6,245.45 | ’
IN TOTAL . 17 : 221,422,34
Egq- | (e) r = ,7819. | ©° .5356.| .
REGRESSION..|. .. ..1. - --191,575.05 [191,375.05 108, 45¥*
#16 . | ABOUT REG.. - 15 126,470,38 1,764.69
ouT TOTAL o 16 217,845,43 .
(d} r.= 0872, . | .»T= .8784..1-. .
REGRESSION B | .-949,491,04 |949,491.04 18,91 |
#16. | ABOUT REG. 16 -803,855.40 | '50,203,46
™ TOTAL 17 - 11,752,746,44
B, [{e) |T= .7360. | r%= 5417 '
REGRESSION..[ . 1. ,}14,515,84 114,515,80 2,89
#16 . | ABOUT REG. . .16 . |..593,8%9,90 | 39,589.33
rQUT ..[.TQTAL 16 708,355, 70
(£) r = .4020 7= ,1616

*% ~ Significant. at 0.5% level.

EQUATIONS ;

(a)

1]

E

Bg=
Ey=

E.-= 74s9-£ 36.3(MCR)
2440 £ 56.4(MCR}
B4® -53.8 £ 28.3(MCR}
7.1 # 52,3(MCR)
210.4 £ 80.2(MCR)
Not significant
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TABLE XXII - ANALYSIS. OF VARIANCE FOR.REGRESSION - S/A

EROSION SOURCE OF | a . SUM OF MEAN 7
VARIATION _ _.SQUARES __SQUARE.
REGRESSION 1 177,100,01 | 177,100,01 |  29.47%%
#16 ABOUT REG, .16 . 96,147.09 6,009,19
IN TOTAL 17 273,247,10
E |(a) | r= .8000 | rf= .648L.
REGRESSION 1 163,898.20 | 163,898,20 29, 54%%
#16 ABOUT REG., _15 ~83,225,95 | -~ -
OUT | TOTAL 16 247,124,.15
(b T = .8145. | 19" .6688.]...
REGRESSION. | .. . 1 -.118,288.50 | 118, 288.50 18,35%%
#16 | ABOUT REG...|.. ..16 103,133.84 | 6,445,87
| TOTAL 17 221,422,054
Eq” (e} r = ,7309. .} ré= .5342.]. ..
REGRESSION . 1. .|..148,297.52 |.148,297.52 |  Bl.987*
#16 ABOUT REG. .15 '69,547.91 4,636,553
OUT | TOTAL 16 217,845,453
(d) | r = .8250. | »°3 .68072.]. .. -
REGRESSION | ... .1 | ..595,098,57 | 595,098.57 8,22*
#16 | ABOUT REG..| ... 16 ...}1,157,647.90 | 72,352.99 !
IN [TOTAL . 17 1,758, 746.47
. |(e) r - ,5826...| re= 3395|-.-
1 ' i »
T UREGRESSTON | . 2 e B9,077.,43 | 39,077,453 .88
#16.....| ABOUT REG.. 15 669,278,28 | 44,618.55
oUr [ TOTAL . 16 708,355, 71
(£) r = ,2348 %= 0551 ‘
** - Significant.at. Q.5 -level; * - Significant at 2.5% level.

EQUATIONS; - .

. B = .50.2 #.144.4(5/4)
. E 2 276 4£.173:.7(S/A)
=.28.9 #£.118.0(S/A)
= =7.6 £ 165.2(S/A) -
= 21246 £264.7(S/A)
Not Significant
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TABLE XXIII - ANALYSIS..OF..VARIANCE.FOR.REGRESSION - LFR

**¥ ._Significant. at 0.5% level

EQUATIONS: (a} B

(b) B g
(¢} By~
(o]
()

37.9 £.62,9(LFR)
1607 # 73.3(LFR)
15,4 # 52,8(LFR)
-28,5.4 74.1(LPR)

= Not significant .
= Not significant

EROSION SOURCE OF ar SuM OF MEAN F
- VARIATION e ...SQUARES . SQUARE .| .
REGRESSION. | . ..1. ...|-.134,434,14 | 154,434.14 15,48*4
#16 - | ABOUT REG..|. ..16 138,938, 66 8,683,67
|IN | TOTAL .17 273, 372,80
E- [(a) 2 7012 |. "= ,4917.]
REGRESSION. . 1 +114,252,12 | 114,252,12 12,90%%
#16 ABQUT REG.. . .15 | .132,872.08] 8,858.14
OUT  |'TGTAL 16 247,124,15
(b) r = 6799 o=, .4623..) ... . '
REGRESSION |..... ..l.. 94,441,04 | 94,441.04 11,907
#16 ABOUT" REG. .16 . 126,981,31 7,9%6,33
IN TOTAL ’ 17 221,422.34
Eq | (c) T = 6530 | r°% .4265 .| .
. | REGRESSION 1 -116.,847,71 |116,847.71 17, 35%%
#16 | ABOUT REG, 15 .100,997.72 | 6,733.18 '
ouT TOTAL V 16 217,845,43" |
(d) r = ;7325 | ro= ,5%63.] - . 7
#16 REGRESSION..|. .- 1. 352,548,01 | 352,548,01 4,03
IN. ABOUT-REG, - .16 . .11,400,198540 | 87,.512,40 |
(el TOTAL 17 1,752.,746.4) ‘
By . |r = .4484.. | r%=. .2011 '
. |REGRESSION |- .. ..1 . ..| .-1,416.48 | 1,416,48 0.03 |
#16 .. .| ABOUT-"REG4:.. .15 . .706,939,23 | 47,129.28
oUT TOTAL 16 708,355,71
(£) r = 0447 s ,002 S
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EROSION. seURcE -OF ar ' SuM OF MEAN F
VARIATTON _"SQUARES SQUARE,
REGRESSION ol [ 96.,629.96 | 96,629.,96 8, 64%F
#16 ABQUT:REG. .| . .16 .178,958,05 | 11,184.88
1IN . TOTAL - L 17 | 275,588,01 " ,
(a) | r = .592L. . |r“= ,3806..[.. . . :
E ————e

. . |- REGRESSION.. 1 71,656,083 | 71,656.04 6,05
#16 ABOUT ‘REG.... . 15 177,660,96 | 11,844.06
QUT TOTAL 16 249,616.99

- (b} r S..836l... | r“s .2874..

REGRESSION .|.. --:1 ...63,249.80 | 63,249, ao 6040%
#16 ABOUT-:REG, 1B .158,172,54 9, . 885,78
IN _TOTAL . {17 221,422,34
(e) T = .0544 | rc= 2856 . .
Ey | _ — -

. REGRESSION .|.....1L | . 73,931.66 | 73,931.66 .71L*
#16. | LABOUT:REG....| .15 w143 918,78 9,594 ,25 ‘
OUT TOTAL 16’ 217,845.44
(d) | .r.5 .5825. |re= 43393 . -

REGRESSION | - 1 ~-340,024,76 |340 024 76 3.85
#16. | ABOUT.-REG, - .16 .. {1,412,721.70 88 295, 11
IN [ .TOTAL 17 1,752,746.46
(e) T = 4404 [ °3 1939 . .. .

g | REGRESSION , -1 e B.5002, 71 3,002,71 206
#16 ABOUT -REG. 15 705,353,00 | 47,023,53 P
QUT TOTAL 16 708,555,71 -

(£)

* h»Signiﬂicantwatwl%mlemelﬁm*

La)

EQUATIONS:.
L. {Bbl.

E =.109.1 £ 125.6(PIR}
pNox s;gnlflcant

fhgm;ficantwat 2.5% level..

78:1 # 101.6(PIR}
59,3 # 139.0(PIR)
significant
significant

(Q) Ed:
(d) Eg
(e) Not
(f} Not

L]
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TABLE XXV =. ANALYSIS OF VARIANCE. FOR .REGRESSION .- DR20

EROSION SOURCE OF ar st oF MEAN F
VARIATION SQUARES SQUARE
REGRESSION. o1 63,399,11 | 63,399,11 4,83%
#16 | _ABOUT REG.. - 16 ..209,973.69 | 13,125.36
IN TOTAL 17 27% 372,80
'(a) T = .4815 TeE ,2318.
B , .
REGRESSION 1 57,138,77 | 57,138.77 4,51
|#16 ABOUT REG. 15 189,985,38 | 12,665.69
QUT TOTAL 16 247,124,515
{b}) r =.,4808 = ,2312
. REGRESSION 1 55,509.62 | 55,509.62 5,55%
#16 ..| .ABOUT REG. 16 165,912,72 | 10,%69,55
IN ‘TOFAL 1% 221,422,534
(c) r = 5006 = .2506
By - - g
REGRESSION 1 67,711,21 | 67,711.21 6.0 77
#16 ABOUT REG. 15 150,1%4,22 | 10,008,95
OUT TOTAL 16 217,845,453
(a) [ r= ,5575 re= ,3108 ‘
REGRESSION 1 15,568,45 | 15,568.45 0143
#16. | ABOUT.REG. . 16 1,737,178.00 | 108,573,62
|IN . | POTAL 17 1,752,746,45
(e) r = ;0942 |[r®=z ,doss |-
B 1 ’
REGRESSION - 1 44,644.86 | 44,644.86 1,01
#16 ABOUT REG. 15 663,710.84 | 44,247,539
oUT TOTAL 16 708, 355, 70
(f) [ r = .2510 r°s ,0630 '

** -.Significant at 2.5% level; ¥ - Significant at 5 level:

EQUATIONS: (a). E = 28.5 # 366.0(DR20}
: b) Not significant

(c] Bg= 0.3 # 331.8(DR20}

(d) Bg= -29.2 # 379.6(DR20)
(e) Not significant
(f) Not significant
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