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Abstract:

A study was initiated in June, 1976, at Colstrip, Montana, to determine the soil water and rooting
characteristics of 1 - to 53-year-old strip mine spoils and undisturbed soils of the surrounding area.
Minespoils were divided into two groups for comparison—old (28 to 53 years old) and new (1 to 7
years old).

Infiltration velocities, which ranged from 5.93 to 15.30 cm hr , were not significantly different between
minespoils and undisturbed soils. This similarity was partially explained by the textural compositions
of the surface soil horizons.

Three general trends were shared by minespoils and undisturbed soils regarding soil water contents:
soil water contents of surface horizons were generally only limiting in August and September, 1976;
although soil surface horizons were partially recharged in October, 1976, entire soil profile water
contents reached their minimum levels during this month; and the upper 30 cm of the soil profiles were
partially recharged under frozen soil conditions in February, 1977, possibly by unsaturated water flow
from substrata.

Deep percolation was more common in new minespoils than in undisturbed soils, and was almost
nonexistent in old minespoils. The quantity of soil water passing through the root zone was inversely
proportional to the quantity of roots in the lower soil profiles.

Water use was correlated with root biomass at 50 and 100 cm in the soil profiles of new minespoils and
undisturbed soils, but not in old minespoils. This difference was probably explained by the fact that
vegetation on old minespoils obtained a substantial amount of their soil water from deeper soil depths.

Maximum observable rooting depths were determined for 41 plant species using radioactive tracer
techniques. Grasses, forbs and shrubs had greater rooting depths in undisturbed soils than in
minespoils, old and new. However, old minespoils had approximately 30 percent more active roots
below 76 cm in their soil profiles than in new minespoils and undisturbed soils, which indicated that
plant roots were most abundant at lower soil profile depths in old minespoils.
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ABSTRACT .

A study was initiated in June, 1976, at Colstrip, Montana, to
determine the soil water and rooting characteristics of 1 -'to 53-year-
old strip mine spoils and undisturbed soils of the surrounding area.
Minespoils were divided into two groups for comparison--old (28 to 53
years old) and new (1 to 7 years old).

_ Infiltration velocities, which ranged from 5.93 to 15.30 cm
hr =, were not significantly different between minespoils and undis-
turbed soils. This similarity was partially explained by the textural -
compositions of the surface soil horizons.

Three general trends were shared by minespoils and undisturbed
soils regarding soil water contents: soill water contents of surface
horizons were generally only limiting in August and September, 1976;
although soil surface horizoms-were partially recharged in October,
1976, entire soil profile water contents reached their minimum
levels during this month; and the upper 30 cm of the soil profiles
were partially recharged under frozen soil conditions in .February,
1977, possibly by unsaturated water flow from substrata. .

Deep percolation was more common in new minespoils than in
undisturbed soils, and was almost nonexistent in old minespoils. The
quantity of soil water passing through the root zone was inversely pro-
portional to the quantity of roots in the lower soil profiles. :

Water use was correlated with root biomdss at 50 and 100 cm
in the soil profiles of new minespoils and undisturbed soils, but not
in old minespoils. This difference was probably explained by the fact
that vegetation on old minespoils obtained a substant1a1 amount of their
soil water from deeper soil depths.

Maximum observable rooting depths were determined for 41 plant
species using radioactive tracer techniques. Grasses, forbs and shrubs
had greater rooting depths in undisturbed soils than in minespoils, old
and new. However, old minespoils had approximately 30 percent more
active roots below 76 c¢m in their soil profiles than in new minespoils
and undisturbed soils, which indicated that plant roots were most
abundant at lower soil profile depths in old minespoils.




CHAPTER, 1
. INTRODUCTION

An estimated 1 million acres of the 1.7 million acres of land
previously disturbed by stripmining still need reclamation and about
100,000 acres a year will need.reclaiming after future stripmining (SCS,
1977). This estimation assumes,‘rather optimistically, that coal con-
sumption will remain at present levels. Even so, thesé figures eméha— ’
size the necessity of adequate réclamation if our country is to maintain
a quality environment and protect ftq\sconomic land base.

Reclamation studies in Montana began -at Colstrip in 1968 under

.direction of the Montana Agriculture Experiment Station of Montana State

University. Lands mineéd since 1968 and nearly all abandoned spoils from
éarlier mining_activi;ies were recontoured and reseedgd in an efforp.to
controi erosion and increase forage production. The few abandoned
spoils that:werg not recontoured provide controls for -evaluating the
effectiveness of existing reclamation technology.

Successful reclamation in the semiarid region of southeastern
Montana is very dependent on soll water and plant rooting characteris-
tics because of their-influence on plant establishment, erosion control
and soil development. The.specific objectives of this investigation

were to characterize these two interrelated factors in old and new mine-

spoils, and undisturbed soils of the Colstrip area.




CHAPTER'2
LITERATURE REVIEW
Soil Water
Infiltration is defined as, '"the downward entry of water into

s0il," and infiltration rate as, "the volume of water passing into the

soil per unit of area per unit of time having the dimensions of velocity

(LT—l)"'(Richards, 1952). The term infiltration rate implies that water -

is present in excess, maximum steady-state rate is reported, and ade~
quate precautions are taken regarding border effects (Horton; 1933{
1940). A more gengrél term, infiltration velocity, is used when these
restrictions are not me£ (U.S. . SLS, 1969).‘

Infiltration is mainly a function of the soil's matric and
gravitatioqal poteﬁtials, which are both at a maximum dﬁring the early
stages of infiltration. M;tric potentials decrease near the surface as
the'wetting front moves deeper into the soil profile, caqsing a decrease
in infiltration over time. Other factors often contributé to this
decreaée: swéliing of soil colloids; .surface compaction by rain&rops;
gnd the clogging of soil pores with silt particles (Diebo;d, 1954).
Occasionally, infiltration increases over time because the wetting~front
reaches a more permeable layer.

Only'a few investigators have studied infiltration in stribmine
spoils. Linstrom (1960) demonstrated the effect of .compaction in infil-

tration in North Dakota stripmine spoils. ﬁe found that infiltration




3
rates dropped from 10.0 cm hr.—l on ungraded spoils to i.Q cm hr_1 on
graded sﬁoils.
Arnold and Dollhopf (1977) studied the effect of topéoiling and
revegetation on infiltration in stripmine spoils of southeasteranntaﬁa}
Tﬁey used a rain-simulator type infiltrometer to meésure infiltra;ion on

topsoiled-revegetated spoiis (7.81 cm hr-l), topsoiled spoils (4.46 cm

hr'l), non-toﬁsoiled revegetated spoils (1.78 cm hr'l) and an undist-

urbed soil in the area (12.4 cm hr-l). Topsoiling had a greater‘effect

than revegetation on infiltration and together they had a positive
interaction effect. These data also indicated'that infiltration rates

decreased with the age of recently topsoiled and revegetated spoils.

Infiltrétion_was measured by Déllﬁopf et al. (1977) on sfripming
spoils in Montana ana North Dakota which had received topsoiling and
surface manipulation treatments. Their results indicated that spoils
receiving topsoiling and chiseling treatments had greater infiltrations
than spoils receiving gouging or dozer basin treatments and no topsoil.

Curtis (1973) conducted a related study‘on stripmine spoilslin
Kentuck§ where he measured surface densities over an extended time
period on gfaded spoils.” He found that surface densities decreased sub-
étantially after winter; he attributed thé decrease to frogt aétion.

For a greater understanding of the theoretical aspects of the
infiltration process, the reader is referred to two excellent books

written by Hillel (1971) and Bauer et al. (1972). A multitude of
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factors that affect infiltration are described by several investigatotrs

‘(Dortignac et al., 1955; Grumbs et ai., 1972; Lewis and Powers, 1938).°

The various methods and equipment used to measure infiltration are re-
viewed by Mutchler and Hermsmeir (1965) and Beutner et al. (1952).

When precipitation infiltrates a soil it may translocate soluble

salts and clay particles downward into the soil pfofiie. Some of the

water may eventually enter the groundwater table and some may evapbrate
into the atmosphere; but a good portion remains in the soil and is
utilized by plants. Therefore, it is important that an attempt is made
to maximize a mineépoil's watér—holding capacity during reqlamaéidn
érogedures. |

The preferred method of measuring in situ soil water content .

utilizes neutron scattering techniques. This method is particularly

Y

useful when monitoring soil moisture changes over exten&ed time periods
since~acceés tubes may be left in place and soil samplesrneed not be
removed as in other methods, thus preventing site destruction (Merriam,
1960; Steward and Taylor, 1957; Visvolingan and Tandy, 1972).

| The only serious drawback of.the'peufron scattering method is
that it underestimates soil water contents near the‘surface—atmdspherg
interface; This héppens because the sphere of influence, the volume
of soil in -which a counting device ig‘influenced by the slow neutron
density, exténdé beyond the.soil‘surfacg. This underestimation is con-

fined to the top 10 cm in wet soils, but extends to 30 cm in dry soils
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(Grant, 1975). Lesser measurement error may result if field calibra-
tions are not detérﬁined fof eaéh soil type under inQeStiéation (Rawls
and Asmussen, 1973). |

As with infiltrafiop, only a few inﬁestigations have been_madé
concerning soil water contents in stripmine ééoils. Verma and Tﬁames
(1975) used the neutron scattering method to measure soil Qater contents
in Arizona stripmine spoils; They reported that soil water contents
remained near the wilting point, a point at which most plants are unable
to obtain soil moisture, to a depth of 200 cm during the period from
September éo May. They also showed that soil watertcontenté increased
the most during the snowmeit period.

Doilhopf et al. (1977) measured soil water contents in Stripmine
spoils of M&ntana and North Dakota using neutron scattering methods.‘
The purpose of their study was to determine the effects of topsoiling
and surface manipulation treatments on soil water contents. Moisture
levels reached a maximum in upper 50 cm profiles during February on alil
treatments, while lower profiles réached a maximum during June. Their
data indicated thgt topsoiled-gouged and topsoilgd—chiseled trea£ments
usually resulted in higher soil moisture levels than their noﬁtopsoiled
counterparts. They suggested that the swelling of expanding type clays
during the infiltration process can adversely affect soil watergontents.

Sindelar et al. (1973) measured soil water contents in Montana

stripmine spoils with soil moisture blocks. They found that soil water
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contents remained below wilting points in upper 120 cm soil profiles
and above wilting points in lower soil profiles during the perioﬁ from
ﬁ#y to November. o |

The relationship between soil water content and wilting point
depends on the soil water potential, defined as, " the amount of work
that must be done per unit qﬁantity of pure water in order Eo transport
reversibly and isothermally an infinitesima; quantity of water from a
pool of pure water, at.a specific elevatiqn and at atmospheric pressure,

to the soil water at the point under consideration" (ISSS, 1963).

Thermocouple psychrometers (TCPs) are routinely used for
measuring soil temperature and relative humidity from which soill water
potentials are accurately estimated using the Kelvin equation:

_RT P
Y = v In P
o
where ¥ is the soil water poténtial, R is the ideal gas constant, T is

the absolute temperature, V is the volume of a mole of water and %1-13
o

the relative humidity of the soil (Rawlins, 1966).

The greatest source of error ﬁssociated with Zn situ TCP use is
caused by temperature gradients in the top 40 cm of soil (Merrill and
Rawlins, 1972; Millar et al., 1970). A difference of 0.10°C between
the TCP's exterior and its inner point of measurement represents an

error of 1.0 bar (Rawlins and Dalton, 1967). This error can be mini-




mized by positioning_TCPs horigohtaily, pafallel to the temperatufe-

gradient, in the top 40 cm soil profile (Merrill and Rawlihs, 1972). -

This has shown to be particularily_important when using double~junction

‘type TCPs. Several researchers have. stressed the importancerf cali-~

brating TCPs if small soil water potential differences are being

examined_(Campbell and-G&rdner, 1971; Lang, 1967).

Root Characteristics

The principal soil factors affecting root characteristics are -

temperature, moisture, aeration, physical impedence, and nutrient

~ supply. These factors mainly affect production of growth regulators

in the root and subsequent variatien of: supply of these regulators to
the meristematic”regions of the plant (Russel, 1973).

Low soil temperatures (<8°C) significantly reduces plant

.reépiration, cell wall permeability, and ability to take up ions

(Salisbury and Ross, 1969). These réductions minimize plant root
branching and elongation. Higher.soil temperatures stimulate root
production and nutrient uptake, but extremely high soil temperatures

may damage roots.




) P 110

8
Gingrich (1963) studied the effect of soil temperature on the
uptake of phosphorﬁs in winter wheat. He found that wﬁile total amounts
of phosphorus in top growth increased with s0il temperai:ure.,‘. the per-
centage of phosphorus in top'growth remained unchanged.

Soil moisture conditions may also affect root elongation.

Fluker (1958) demonstrated that plant roots will not grow into soils

wifh water potentials greater than that from which a plant is capablé'
of extracting water. For instance, the fobts of.some semiarid grasses
can grow into soils havingnsoil water poténtials'of ~15 bar, while the"
robts of wheat, oat and barley cannot grow into soils having water
potentials greater than ;8 bar (Rosenberg, 1974).

| Albertson (1937) demonstrated that rooting depths are Qery
dependent on water supply'by excavating root systems iq;a shorthrass
prairie éfter a run of drought years énd a run of wet years. His
illustrations showed that root systems‘greW'profuseiy to a depth of 2
meters in average years, but Qere restricted to the ‘top meter in dry
years. |

Huck (19705'examined the effeé; of soil,aeration-on_tapfodt

elongation of cotton and soybeam and found that poor aeration resulted

in the accumulation of carbon dioxide near near the roots in quantities

that were detrimental to plant growth. Reductions in oxygen levels near-

fhe roots to 5 percent contributed to the reduction in taproot elonga-

tion.
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In a similar study conducted by Tackett and Peason'(l964) on
éot;on see&lings,_it was found that root growth was debréssed at oxygen
levels below 10 percent in soils with bulk densities of less thaﬁ 1.5
g cm-3. Higher bulk densitiés were reported to be-moré detrimental to
root growth than low oxygen levels. | |

A great deal of knowledge has been aécumulated over the past

25 .years ‘about the effects of nutrient supply on root characteristics

using radioisotope techniques. For instance, radioactive phosphdrﬁs
(32P).wgs employedlto show that a microbial popﬁlatién living in the
rhozosphere, a soil zone adjacent to root ;urfaces, compétes with roots
for nutrients, competition Which can be particularly severe when
nutrients are iﬂ‘short supply (Russell, 1973).

Nye and Foster (1958) investigated 32P uptakg ih-relation to

épecific root activities of different plant species, but found no sig-

nificant differences. Their work supported the concept of the "labile

phosphate popl" which iéibélieved to maintain an equilibrium chemical
potential in the sqil‘solution where 32P exchanges ffeély with soil
phosphorus.

Hammes and Bartz (1955) dis@ussed factors which influence'éoil

fixation of 32?, including isotopic dilution, moisture, pH, textufe,v

voids, and ped surface areas. They concluded that, "differential fixa—~

. tion of injected 32? is of minor importance to the interpretation of
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root development. . ." and suggested that no attempt need be made to

‘correct for any factors influencing 32P‘uptake.

The same conclusions were reaéhed-by Lipps et al. (1956) after
having.formulated a method fér determining éorreétion factors that
accounted for 32P availaBility. In the same paper evidenée was given
Whigh indicated that phosphorus uﬁtake is influéhced‘by.sbil moisture,
but;thaf it doesn't neces;arily parallel water absorption. They found
that phosphorus absorption from the surfaée 801l may remain rélatively
high even after the soil becomes dry. The& concluded that plants are
capable of absorbing ﬁhosphorus Without a@preciable water absorption.

The é;udies cited above concefning root uptake of32P were con-
ducted under laboratory conditions. In situ use of 32P usual;y involves
its injection into the éoil éﬁd removal of above ground portions of
plants growing near the injection holes to the laboratory fo¥ analysis
(Boggie et al., 1956; Arenkorah, 1975). Unfortﬁnately,kthis procédure
has the disadvantage of destroying all or parts of the plant under
analysis. Burton et al. (1954) circumvented this problém by measuring
in situ radioactivity with a survey meter held in'contaét with the .

vegetation they were studying.




Lt

CHAPTER 3

Study Area

The study area is -located on the Mi;souri Plateau in south-
eastern Montana near Qolstrip, apﬁroximately 350 km east of the Montana
State University campus in Bozem%n'(Figure 1). The Colstrip area is
characterized by valleys, rolling hills, and scattered saridstone out-

croppings. Typical vegetation is predomihantly‘mixed prairie and pine

savanna (Appendix I). The area overlays the Fort Union Formation which .

has approximately 1.4 million acres of strippable coal in soufhegStern
Montana alone (Van Derwalker, 1975). '/

The climate in the Colstrip area is of the semiarid steppe
type, with low temperatures down to -36°C in winter and high tempera-
tures as high as 42°C in summer. The area has a frost—free.period of
120-140 days. Precipitation averages 40 cm, much of which occurs as
rain in April, May, aﬁd June. Winds with average velocities of 15-20
km ﬁr_l occur much of the time. . Well-defineq wérming winds called
"chinooks" occur in winter and spring, and strong winter windstofms
called "blizzards" aré not uncommon. -

Most soils.have developed on sedimentary rocks, residium and

colluvium consisting of sandstdne, siltstone and éhaie. Solum thick-

nesses rarely exceed 50 cm. Important soils of the area include Ustic

l Torriorthents, Borollic Camborthids, and Aridic Haploborolls.




Figure 1.

MONTANA

BOZEMAN
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Rosebud
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Location of Colstrip study area.
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Site Description and Design

Fifteen study sites were selected in the area surrounding
Colstrip--five on 29 - to 53 year-old minespoils, five on 2 to 8 year-

old minespoils, and five on undisturbed soils (Figure 2).

B YAMAC- 2

COLSTRIP AREA
LOCATION OF STUDY SITES

== SECONDARY HIGHWAY o 5
e —
IMPROVED ROAD MILES

————— UNIMPROVED ROAD

+———+ RAILROAD a0
B sTuDYy SITE SCALE
STRIP-MINE AREA I: 72000

Figure 2. Location of study sites in the Colstrip area.
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Square plots on each site measuring 18.3 m on a side were fenced

with barbed-wire in an effort to keep livestock away from radioactive

materials used for characterizing root distributions. Neutron probe

access tubes and Spanner-type double-junction thermocouple psychrometers

were installed in the plots as shown in Figure 3. Soil pits approxi-

mately 200 cm deep were dug on each site for soil classification and

analysis.1
{GATE
" P"' o, © . © CHmUE G 0. v e
o} g
—— PIT FOR SOIL SAMPLING
PSYCHROMETERS
(15,50,75, 150 cm)
183m o
60ft | | A A A=———s——NEUTRON ACCESS TUBES
(25 m)
~5——METL\L POST
3 32
PY€. RESEARCH AREA .3 STRAND BARBED-WIRE FENCE
b g+ WOODEN POST
t bo by o o -
PLOT DESCRIPTION
Figure 3. Plan view of study sites showing layout of plot.

lSoil profile characteristics were described by Montana State
University Professor G. A. Nielsen and members of the U.S. Soil Conser-

vation Service.

Lincoln, Nebraska (USDA, 1967).

Soil samples were analyzed at SCS laboratories in
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Infiltration Velocity

Infiltration velocities were determiﬁed'on three randomly—
selected positions on each. site in August, 1976, with a—rain-simulator
type infiltrometer. Meeuwig (1971) described the consfrudtion‘qf this
apparétus. The infiltrometer was positioned aﬁproximately 50 cm above

the soil surface and water was 3pplied_thrqugh 517 capillary tubes on

a 0.31 m area. A flow meter registered the rate of watér'application

which simulated a severe rain storm in volume, but not in collision

force. Runoff was measured at four-minute intervals. The difference

between the application rate and the runoff rate was équal'to the soil's

infiltration velocity.

Soil Water Content

| Soil water contents of upper 240 cm profiles were measured with
a Troxler lOO/mCi Am-Be séurce, BF3 detector type neﬁtron probe. ' Fiéld‘
measurements were correlated to volumetric soil water percentages using
the factory calibration suppliéd with the probe. Soil desorption

characteristics were determined using undisturbed soil cores.

Soil Water'Potenfial and Soil Temperature

Soil water potenﬁials and ambient soil temperatures were
measured at four soil depths (15, 50, 90, 150 cm) with Spanner-type
double-junction thermocouple psychrometers (TCPs). TCPs were removed

to the 1aboratofy for cleaning and calibrétion in March, 1977 (Sundberg,‘
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1974). Calibration results were statistically cofrelated to a theo-
retical equation that related a TCP's EMF, electromotive force, to the -
soil's wafer potential (Rawlins, 1972). Soil water potentials were
standardized to 20°C uéiﬁg temperature cérrectidn‘factors devised by

Wiebe and Campbell (1972).

Root Biomass

Root biomass was estimated for each profile using five 1000
cm3 soil samples that were collected from three deﬁth intervals~~5-15,
45-55 and 95-105 cm. Thelsamples were hand-washed over a 30 mesh (0.25

mm) sieve until roots were free of soil. The cleaned roots were oven-

© dried at 60°C to a constant weight and then dry-ashed at 600°C for 24

hours and reweighedf The difference between the ‘two weighings repre-
sented the root ‘weight. ' This method was devised by Dr. G. A. Nielsen

and W. M. Schafer. Samples were collected on September 15, 1976.

Root'Activity—Radioactive Tracer (32P)

| Vertical rooting distributions weré determined in situ using
radioactive tracer techniques. Basically, the procedure consisted of
injecting a conéeqtrated»solution,of plaﬁt available 32P into the so0il .
at specified'depths and monitoring above ground portions of plants |
growing'near the injection holes for radioactivity. The 32P solution
was prepared By Ailuting'carrieé;free.BzP in HCl solution-with an

. . 3 . ;

aqueous solution of 2.2 x 10 Q_KHZPO4 and 2.4_x 1072 N HCL to a
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concentration of 0.10 mCi ml—l. Injections were made with a leur-lok
syringe connected to a suitable length of steel tubing capable of
delivering a 2.0 ml sample of the solution into the bottom of hole
that was punched to a specified depth with a metal rod. After an
injection was made,'the tubing was rinsed with 5 ml of distilled water
and 5 ml of air before withdrawing it from the hole. The hole was
refilled with soil.

On June 10-11, 1976, one 32P injection was made at 15, 46, 76,
107, 137 and 183 cm depths in thirteen sites. The 1948 spoils and the
Kobar undisturbed soil were not injected the first year due to logisti-
cal problems. Injection holes were placed near to as many different

plant species as possible in an orientation similar to the one depic-

ted in Figure 4.

Cross-sectional view

18.3 m
Soil surface
15 em
» L6 cm
76 cm
* 107 em
i 137 cm
L ]
* '0.20 mCi 32P
] 183 cm
“

Figure 4. Site orientation of 32P injections - 1976.
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In situ radioactivity measurements were taken on the above
ground portions of plants. growing within 1 m of injection holes immedi-

ately after allll32

P Injections were made. Measureménts were taken with
an anti-coincidence Geiger-Muller detgcéor and scaler that were especi;
ally designed and constructed for field use. An anti-coincidence system
was used to reduge error from background radiation. A diagram of the
' deteétbr and the scéler;s.eléctronic.circuitfy appéars in Appendix A.

The counting procedure used during the firsg year's inveéstiga-
tion consisted of locating radioactive plants with a- Thyac survey meter
and counting the plant's radioactivity within 1 m of injection holes
with the anti-coincidence counter. Three l-minute counts were taken if
the plant was highly radioactivé, but if not, one lO—minuté'count was
taken. It was realized that the experimental design and dounting pro-
cedure of the first year's 32P experiment did not readily lend itself to
statistical analysis; Therefore, some alterations were made in the
experimental 'design and counting procedure during the second yeér's 32P
experiment in an effort to overcome the shortcomings of the first year's
experiment.

The experimental design was cﬁanged in two ways: (1) three sets
of 32P injectioﬁ; were made in one profile from each soi} group in

order to estimate the variability of plant radioactivities within an

; ' \ ' 32
undisturbed soil, an old spoil and a new spoil; and (2) P injections
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were made adjacent to plant épecies that were common to all soils and’
spoils.

The céunting'procedufe was modified the second year iﬁ the
following wa&: two plants were ran&émly selected af the Beginning of
the grbwing season for monitoring throughout the ihvestigafion; -and
three l1-minute counts were recofded for each radioactive planf’regard—
less of the intensity of the radioactivity.

Furthermore, all‘32

P‘injections were rgndomly distributed over
the reséérch areas for statistical'considérations, Details of the
second year's 32? injection; appear in Table 1.

The accuracy of the field coﬁnting unit was estimated by compar-
ing its readings to the more reliable readings obtained throﬁgh Liquid
Scintillation Counting (LSC) techniques. At the eﬁd ofjeach year's
field measurements, a nuﬁber of radioactive plants were clipped and
taken to the laboratory for analysis. The plant clippings were oven-
dried at 110°C for 24 hours, ground, dry ashed, dissolved in a LSC
emulsifier cgcktail and counted in a Tri-carb LSC spectrometer.

The dry-ashing procedure consisted of baking a 1.0 gram sample
of grouﬁd.plant at 606°C for five hours. The dry-ashed samples were

dissolved in 2.0 ml of 2 N HNO, and 23.0 ml of hot, double-distilled

3
water. These solutions were filtered and two 1.0 ml samples were

pipetted into separate counting vials to which 10.0 ml of Biofluor

cocktail was added.




Table 1. 32p injection dates and dosages at Colstrip study area in 1977.

Depth Dosage Injection Depth Dosage Injection
Profile (cm) (mCi) date Reps Profile (cm) (mCi) date Reps
Native Soil Busby 107 0.20 4-6 1
Chinook 15 0.20 3-24 3 {cont.) 137 0.20 4-6 1
15 0.20 4-6 3 137 0.10 4-6 1
15 0.10 4-6 1 183 0.20 4-6 1
46 0.20 4-6 3 214 0.20 406 {
46 0.10 4-6 I 01d Spoil
76 0.20 3-24 3 1932 15 0.20 3-24 3
76 0.20 4-6 3 1> 0.10 4-6 1
107 0.20 4-6 3 46 0.20 3-24 3
137 0.20 4-6 3 46 0.10 4-6 1
137 0.10 4-6 1 76 0.20 3-24 3
183 0.20 3-24 3 107 0.20 3-24 3
183 0.20 4-6 5 137 0.20 3.24 3
214 0.20 4-6 3 137 0.10 4-6 ik
183 0.20 3-24 3
Yamac 15 0.20 3-24 1 214 0.20 4-6 3
15 0.10 4-6 1
46 0.20 3-24 1 1948 15 0.20 3-24 1 |
46 0.10 4-6 73 46 0.20 3-24 1
76 0.20 3-24 1 76 020 == 3-24 1
107 0.20 3-24 1 107 0.20 3-24 1
137 0.20 3-24 1 137 0.20 3-24 1
137 0.10 4-6 1 183 0.20 3-24 1
183 0.20 3-24 1 214 0.20 3-24 1
New Spoil
Busby 15 0.20 4-6 1 1969 Same as 1948 Spoil
(8) 15 0.20 4-6 1 1970 Same as 1932 Spoil
46 0.20 4-6 i} 1972 Same as Busby Soil
46 0.10 4-6 1 1973 Same as Busby Soil
76 0.20 4-6 1 1975 Same as Busby Soil

0z
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CHAPTER 4
RESULTS "AND DISCUSSION

Infiltration Velocity

Figures 5, 6 and 7 represént infiltration characteristics of
undisturﬁed soils, old spoils and new spoils, respectiveiy. Generally,
infiltration velocities dropped slightly at the beginning of the 30-
minute test period before attaining steady-state conditions. A similar
type of infiltration pattern was reported for regently stripmined spoils
in the Colstrip area by Dollhopf et al. (1977). They pro%ided evidence
which indicated that the clay types (non-expanding) in the area were
partially responsible for this pa£tern since they sweil little upon
wetting and, hence, do not significantly restrict water flow. Infil-
tration was also influenced by the amount of clay as explained.in the
following paragraéhs.

Infiltration in undisturbed soils. Figure 5 represents infil-

tration velocities of five undisturbed soils in the Colstrip area.
Infiltration velocities were moderately rapid2 on all undisturbed soils.
Infiltration velocities on the Cbinook and Busby undisturbed soils

showed less fluctuation over time and reached steady-state conditions.

more quickly than on the less sandy Yamac and Kobar undisturbed soils.

The Kobar undisturbed soil had the greatest clay content of all

2408 perméability classes. -
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the Colstrip study area in August, 1976.
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‘sites tested and was the only one to receive a B2t horizon designation'
(Table 36, Appendix D). The fact that the Kobar undisturbed soil had
the slowest infiltrétion velocity of all sites tesied, except for the
1975 spoil, lends éupport to the’idea that the amount of clay infiuencéd
infiltration. a

Infiltration in old spoils. Figure 6 represents infiltration

velocities of 28 to 52 year-old stripmine spoils in the Colstrip area.
Infiltration velocities were moderately rapid on all old spoilé. Iﬁfilf
tration velocities on these old spoils showed greater variation over
time and took 1énger to reach steady-state conditions  than on undis-
turbéd soils, possibly because the surface horizons in old spoils were
more stratified-due to mining operations than in undisturbed soils and
the wet;ing fronf traveléd at different vélbcities through these strati-
fications. |
The three l?Zé'Spoil had practically the same infiltration
velocities at‘the end of tﬁe test ﬁériod as phéy did at the beginning,
possibly indicatiné that the swelling together of pore sfaces due to
the expansion of clays was nbt significant in the 1924 spoil. The same
type of infiltration patterh wag-néted in the 1948 spoil, which had a
high amount of clay in its surfaée horizons and would, therefore, be .

expected to have a notable decrease in infiltration over time. Perhaps

infiltration on the 1948 spoil remained unchanged because of some effect -

attributed to the coal fragments that were common throughout its profile
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(Table 43, Appendix D). Water flow through the ‘coal fragments may not
have been affected by the expénsion of the éurroﬁnding'clay particlés
when they were wetted.- 6ﬁ1y on the 1932 spoil did infiltration velo-
cities'drop.gubstantially before attaining étead&istate-conditions.
This was not surprising singe thé cléy content of the i932 spoil was"
more than twice that of the 1924 époilé.

Infiltration on new spoils. Figure 7 represents infiltration

velocities of i to 7-yeaf—01d stripmine spoils in the Colstrip area.
Infiltration velocities were moderately rapid on ail.new spoils, excépt
for the 1972 spoil Which had a rapid infiltration velocity. Generélly;
infiltration velocities on‘theseﬂnew spoils showed less variation GVer
time than on old spoils, . However, one replicatién on the 1969 spoii
was found to be én outlier (P'=‘.99)3 and was eliminated when computing
its mean. |

Only on the 19?5 spoil did infiltration.velocities drop appre-
ciably before attaining sfeady—statevconditions. This may be explained
by the high (77%) silt content in the surface horizon of the 1975 spoil.
Apparently, these_silt‘particles washed into the profile and partially
clogged its pores and voids, thereby restricting water flow. This
phenomenon was first reported by Diebold (19545. o

The fmean infiltfation velocities of all fifteen sites are

3Grubb's test (Dunn and Clark, 1974).




27
represented in Figure 8. Values range from 5.93 cm hr"1 on the 1975
spoil to 15.30 cm hr—l on the 1972 spoil. The mean infiltration
velocity of all fifteen sites was 11.91 cm hr_l.

One site from each group was omitted for statistical analysis
because they were not representative of their groups. The Chinook
undisturbed soil was eliminated because it had buried soil horizoms,
a very rare occurance in the Colstrip area. The 1948 spoil was
ommited because it contained a high percentage of coal fragments
throughout its profile. The 1969 spoil was deleted because it was
actually an old spoil that had been regraded.

Table 2 represents the analysis of variance4 for mean infil-

tration velocities. The F-value was significant at the .95 level (P =

Table 2. ANOV for infiltration velocities of sites at the Colstrip
study area in August, 1976.

Source DT S iS5 M.S. F~Value P-Value
Sites 1 299.8 27.26 4.585 .001
Reps 2 8.496 4,248 0,745 « 304
Error 22 130.8 5.945

Total 35 439.1

.001), meaning that infiltration velocities between sites were

4Statistical model appears in Appendix B.
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significantly different. This difference was expected to be signifi-
cant, especially since replications within a site were dependent on
that particular site and one of the basic assumptions of the statistical
model was, therefore, invalidated.

A difference greater than 1.07 cm hr-1 between mean infiltration
velocities was considered significant (L.S.D. - .95). Table 3 lists
those sites which had similar infiltration velocities. The infiltration
velocities of the different sites representing the same undisturbed soil
(Busby) and old spoil (1924) were not significantly different between

themselves, indicating that the variation within sites was small.

Table 3. Infiltration velocities (LSD) at the Colstrip study
area in August, 1976.

Infiltration Infiltration

Site (cm hr'l) Site (cm hr'l)
1975 Spoil 5.932 1924 (5) Spoil 12.83¢
Kobar Soil 8.20° 1973 Spoil 14.00°
1932 Spoil 8.90° Busby Soil (8) 14.23%F
Yamac Soil 10.63° Busby Soil (6) 14.87ef
1924 (9) Spoil 11.83¢ 1970 Spoil 14.87%%
1924 (7) Spoil 12.43% 1972 Spoil 15.30%
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Table 4 represents the analysis of variance for infiltration
velocities of undisturbed soils (11.98 cm hr-l), old spoils (11.50 cm
hr_l) and new spoils (12.52 cm hr_l). The F-value was not significant
at the .95 level (P = .91), meaning that infiltration velocities were
not significantly different between undisturbed soils and minespoils,
old and new. The main reason for the similarity of infiltration
velocities between groups was probably related to the similarities of
textural compositions. Although the correlations between steady-state
infiltration velocities and the percentages of sand (r = .36), silt
(r = -.33) and clay (r = -.38) of the upper 50 cm of the soil horizons
were not significant at the .95 level, these correlations established
that infiltration velocities were partially explained by textural

compositions.

Table 4.--ANOV for infiltration velocities of groups.

Source D.F. S5 MeS. F-Value

Groups 2 .097
Error 9

Total

Soil Water Content

Figures 9, 10 and 11 represent seasonal soil water characteris-

tics of undisturbed soils, old spoils and new spoils groups,respectively.
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Due to the need for legible figures, ohly fhose measurements Whi;h
showed significant trerids were presented. Average volumetric soil
water percentages for 20 measurement &atés are presented.in Appendix F.

Soil water pdtentials.of 0;0, f0.3,énd ~-15 bars were plotted
in Figures 9, 10 and 11 to represent approximate soill. saturation, field
capacity and permanen; ﬁilting point limits. _A‘soil is 'saturated Wheﬁ
all of its pores are filled with water. A soil at field capacity has
lost most of its gravitational water. A soil at its permanent wilting
point has a moisture éontenf at which most plants wilt and fail to-
recover their turgidity wﬁen moistened. These soil desbrption charac-
teristics were determined by W. M. Schafer‘for thirteen sites using
ﬁndisturbed soil cores, Such cores were not cbllected f0r the 1948
spoil or the Kobar'undisturbed‘éoil. Howeyer, tﬁe SCSléetermiﬁed soil
water contents at -0.3 and -15 bar for‘fhese two sites usiﬁg the sﬁme

method (Appendix E). Since 0 bar moisture contents were not determined

for these two sites, it was impossible to graph their saturated soil

water potential zomes. Their 0.0 to.-0.3 bars zones were extended out

to the right side of ﬁhe'graphs even though their saturation zones may

have fallen within those limits.

' " S0il water in undisturbed soils. Figure 9 represents soil
water characteristics of five undisturbed soils during the period f;om
Juiy 11, 1976, to June 15, 1977; Minimum total. profile soil water con-

tents were recorded in all undisturbed soils on October 22, 1976, and
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maximum soll water contents were fecorded on April 6, 1977. Maximum
soil water contents were recorded in uppef 150 cm’profiles on April 6, -
1977. Lower profiles were wettest on July 11, 1976.
The average amount of recharge iﬁ upper 150 cm préfiles of
undisturbed soils (Yamac, Kobar, Busby) during the periéd from October
22, 1976, to April 4, 1977, was 18.4 cm. This amount varied from 15.2

cm in Busby (No. 6) to 21.7 cm on Busby (No. 8). The average amount of

~water use in upper 150 cm pfofiles during the period from April 4 to

June 15, 1977, was 8.4 cm. This amount varied from 7.3 cm 6n Busby
(No. 6) to 10.1 cm on Busby (No. 8).
Soil water contents near the surfaces of all undisturbed soils,

except Yamac, were low enough to cause permanent wilting of vegetation

. during August and September, 1976. Soll water contents near the surface

of the Yamac undisturbed s0il remained above the wilfing point during
the éntire investigation périod. .

Yamac's favorable soil moisture conditions weré partially.ex~
plained by its textural composition (loam). It had a high water content

at -0.3 bar, similar to that of a clay loam (Kobar) and it had a low

water content at -15 bar, similar to that of a sandy loam (Busby). To-

gether these properties gave the Yamac undisturbed soil the greatest

capacity for holding plant available water of all sites tested.

Unusually high soil moisture levels were recorded in ;he,top 30 .

cm profiles of undisturbed soils on February 12, 1977, According to

I
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Ferguson (1964) and Willis et al. (1964), Fhese high moisture levels
result from uﬁsaturated water‘floﬁ from substrata toﬁards the fro;en
soil surface. Although they had not esgéblishéd thg exact mechaniém of .-
this phenomenon, they believed‘thét'it was ﬁartiéliy“cauSed by tempera-
ture gradients'in the soil profile. |

‘Deeplleaching'of_soil water past thé root zone may occur dgring.
heavy rechgrge periods. After leaving the root éone this wﬁter méy
eventually entér the ground water table, bringing with it ﬁater—solﬁble
minérals ;nd plant nutrients. Deep leaching in'undispurbed soils
usually occurred during the periods from the beginning of thé test
period, June 9, 1976, to ﬁid—Septembér, 1976, aﬁd from eariy-April to
mid-June, 1977, Deep leaching occurred to a much g?eater degree in 1976'
than in 1977, prébably because a much greéter amount of precipitation
fell during the main portion of the growing season (April-June) in 1976
(21.6 ém) than in 1977 (12.1 ecm), and what wasn't utilized by plants
passéd through the root zome.

Soil water  in old spoils. Figure 10 represents soil water

characteristics of old spoils during the period from July ll, 1976, to
June 15, 1977, No general trends were found for old spoilg concefqing'
maximum total profile soil water contents. However, general ?rends
were found concerniﬁg minimum total profile and maximum upper and lower
profile soil water contents. Minimum total profilé soilrwater contents

were recorded in most old spoils on October 22, 1976. Maximum soil
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soll water contents in upper 100 cm profiles were recorded in mast old
spoils on April 6, 1977. In the lower prdfiles of éll_dld‘spoils, méxi—
mum soil water contents were recorded bﬁ July 11, 1976. ' |

The average émount of recharge in upper 150 ém profiles of 1924
and 1932 spoiis was 18.3 cm during the period from October 22, 1976, to
April 4, 1977. This quantity varied from-14.1 cm in 1924 spoil (No. 5)
to-24.0 cm in 1924 spoil (No.’9). The average émount'ofiwatér use‘iﬁ
upper 150 cm profiles was 7.1 cm during the period from April 4 to June.
15, 1977. Water use varied from-1.6 cm on 1924 spoil (No. 5) toA10.2 cm
on 1924 spoil (No. 9).

The undisturbed'soils and old spbils were similar in that their
surface goil moisture levels fell below the permanent wilting points
in August and Septemﬁer, 1976. This also happened in old spoils at
other times of the year, but net for undisturbed soils. For instanée,v
soll moisture ievels in the i924 spoii (No. 9) fell below the permanent
wilting point during a large part of the investigation periéd: 7ri1—76‘
(0-15 em); 8?11—76~(0—60 cm); 8-24-76 to 9—15—76'(0—120 cm); 10-22-76

(0-180 cm); 11-24-76 (0-120 cm); 1-15-76 to 2-12-77 (45-150 cm);

. 3-13-77 (75-150 cm);- 5-2-77 (0-15 cm); 5-15=77 (0-30 cm); 5-29-77

(0-15 cm); and 6-15-77 (0-30.cm). . These unfavorable moisture condi-
tions‘were partially explained by the 1924 spoil's (No. 9) textural
composition, the sandiest ‘of all sites tested.

High moisture levels were recorded near the surface pf old
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spoils on February 12, 1977. Apparently, the mechanism responsible for
this phenomenon works just as well in minespoilé as it does in undis-
turbed soils.

Unusuall& high soil water contents were recorded throughout ﬁhe
1948 spoil's uppef 240 cn profile. It was first postulated that these
levels were causéd by the capillary rise of water from a high ground-
water table. However, data supplied by Wayne Van Voast of the Mﬁntana-
Bureau of Mines indicated thaé the grbundwater table near the 1948 spoi;

was too deep (6.5 m) for this to happen.

Another possible explanation for_the high moisture levels in the .

1948 spoils was that large Quantities of water were held in the coal

fragments that appeared throughout its profile; Laboratory analysis

.indicated, however, that coal fragments from the Colstrip area contain

dpproximately 43 ﬁercent moisture by volume at saturation. Since mois-
ture levels iﬁ the 1948 spoils often exceeded 60 perceht, this expléné—
tion was not acceptable,

Finally, it was postulated that hydrogen atbﬁs'in coal fragments,
commoﬂ to the 1948 spoils, were counted as belpnging to water molecules
using the neutron scattering method. Consequently, in situ moisturé
determinations on the 1948 spoils were erroneously ovérestima;éd. The
same type of error was noted in soils high in organic. matter by Feuétél
and Byers (1936). This ekplanation seems highly probable wheﬁ one con-

siders that the hydrogen content of coal in the Colstrip area averages




39

.3.4 percent by weight,5 and that the hydrogen content of humus is 5.0

percent (Waksman, 1954).

Deep leaching probably did not occur Below 210 cm.of the sbii
profile of at least two of the 1924 spoils during the entire investiga-
tion period. This pattern was not verified in thg third 1924 spoii
because soil water contents were not,measurea beiow 180 cm.in'its-soil
pfofile. . This lack of deep leaching in the 1924 spoils was_pefhéps dﬁe .
to the utilization of excessive.quantities of soll water By‘deep—rodtiﬁg
shrubs which were common on these sboils. Deep. leaching probabl&
occurred below 150 cm of the soil profile in the 1932 spoll during the
period from mid-June to mid-September, 1976. In the 1948 sspoil-it was
apparent that deep 1¢aching did not occur below 240 cm dﬁfing the entire
investigation period. S;nce this spoil was &egetatedlwith Aeép—;boting
shrubs, it appegred that they were responsible for this shalloﬁ

percolation.

Soil water in new spoils. TFigure 11 represents soil water
characteristics of new spoils during the period from July 11, 1976, to

June 15, 1977. The desorption characteristics of these spoils showed

"much greater variation with depth, especially near their suffaces, than

was shown in old spoils and undisturbed soils, The fact that all new

‘ 5Peréonal communication with John Thiebold, engineer for Montana
Power Company. Value represents average annual composition of coal used
at Colstrip power generating plants 1 and 2.

N
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" spolls, except the 1969 spoil, had top soil spread over'their surfaces

probably accounted for most of the variation.

General trénds were not found concerning maximum soil moisture
levels in new spoils over time. However, all new spoils. had minimum
soil moisture levels on October 22, 1576.

The average amount of recharge in the uppér 150 cm profiles of

" new spoils (1970, 1972, 1973 and 1975) during the period from October

22, 1976, to April 4, 1977, was 13.8 cm. This amount ranged from a
minimum of 9.9 cm in the 1975 spoil to a maximum of 19.8 cm in the 1972
spoil, possibly due to textural differences. The average amount of

water use in upper 150 cm profiles between April 4 and June 15, 1977,

was 12.4 cm. Water use ranged from a minimum of 9.8 cm in the 1973

spoil to a maximum of 18.2 cm in the 1972 spoil.

Moisture leveis near the surface of the 1970, 1972 and 19%3'
spolls were below the permanént wilting point in August and Septeﬁber,
1976. The 1972 spoil was more often deficient in plant ;vailable'Water
in the upper’lS cm profile than were tﬁg 1970 and 1973 spoil. This. was
nét surprising since fhe upper 15 cm of the 1972 spoils had a much
sandier textural composition (Appendix ﬁ).

Moisture 1eve1s.near the surfaées of the 1969 and 1975 spoils
remained above the permanent wiifing'point throughout the invesfigation
period. The ﬁpper 15 cm profile of the 1969 spoil had a less sandy

textural composition than did the other new spoils and probably held
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greater quantities of plant'available water. This condi£ion was not
verified because desorption characteristics were not determined for the
upper 15 cm profile of the 1969 spoil. Moisture levels prpbably re-
mained above the permanent wilting point of the 1975 spoil not so mdéh
for its capacity to hold large quantities of'pl;nt available water,
Whiqh it didn'tlpossesé, but because water use on this spoil'was minimal
due to the lack of vegetatién.' For instance, water use in the upper 150
cm profile of the 1975 spoil during the period from July 11 to October
22, 1976, was 5.8 cm compared to an avefage water use of 14.7 cm on
other new spoils (Appendix F). |

As in ﬁndisturbed soils and old spoils, high soil water contents
were recorded near the surface of new spoils on Februyary 12, 1977.
Dollhopf et al, (1977) had reported similar soil méisture patterns in
new spoils of the Colstrip area.. They were concerned that soluble‘saité,
were possibly translocated towards spoil surfaces if the moisture moves
in a liquid phase. - Once at the surface these soluble salts.cduld be
detrimental to plant growth. Therefore, they suggested that further
research be conducted on this phenomenon to ascertain whether of not
moisture moves towards the surface in a liquid or vapor phase.

Deep leaching generally occurred below 150 cm of the soil ﬁrof
files of new spoils duriﬁg the periods from mid-June to mid-September,
1976, and from mid—Marqh to late July, 1977. The 1975 spoil was an

exception in that deep leaching occurred below 75 cm of its soil
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profile. Deep leaching was substantially greater in the new spoils
than in both the.old spoils and undisturbed»soils probably because
there was less vegetation on new spoils. A

In summarizing the'foregoing discussion on soil watér content,
three general trends were discovéred that applied to moéf spoils and
undisturbed soils éf the Colstrip area: moisture 1e§éls near the
surface fell below permanent wilting points during‘August and Seﬁtémbef,
1976; miniﬁum moisture levels were fecordgd in uppef 150 cm profiles
on October 22, 1976; and the upper. 30 cm of the soil profiles were

partially recharged on February 12, 1977, possibly by the unsaturated

flow of water from substrata.

Soil water contents recorded onm April 14, 1977 had positive

correlations with percentages of silt (r = .73) and clay (r = 46),

and a negative correlation with the percentage of sand (r = -.66) in

the upper 150 cm of the soil profilgs. These correlations were sign-
ificant at the ;95 level for sand and silt, but not‘for clay>(P~=
.018, .007 and .128, respectively; Table 5), indicating that soil
water contents were dépendent on textural compositions,

Plant available wa£er (P.A.W.),.the difference betweeﬁ soil
water content at -0.3 and -15 bar, had pogitive correlations with

percentagés with silt (r = .74) and clay (r = .60), and a negative

~ correlation with the percentage of sand (T = -.77) in the upper 150 cm
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Table 5. ANOV of soil water regression on textural compositions
of sites at Colstrip study area on April 14, 1977.

Source D.F. S.S. M.S. F-Value P-Value
Sand: Regression 1 223 523 7.80 .018
Error 10 671 67k
Total 11 119
Silt: Regression 1 631 631 112 .007
Error 10 563 9643
Total 11 119
Clay: Regression 1. 254 254 2.71 $128
Error 10 939 93.9
Total 1 119

of the soil profiles.

These correlations were significant at the .95

level (P = .008, .006 and 0.039, respectively; Table 6).

Table 6. ANOV for desorption characteristics (PAW) regression on
textural compositions at Colstrip study area.

Source D.F. i M. S. F-Value P-Value
Sand: Regression 1 343 343 10.9 .008
Error 10 315 315
Total 11 657
Silt: Regression 1 355 355 11.8 .006
Error 10 302 30.2
Total v 657
Clay: Regression i 235 239 5495 .039
Error 10 423 42:53
Total 657
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Although the amount of plant available‘wéter was highly cofre—
lated with textural compositions, actualVWéter use during the growing
season was not. No significant trends %ére found even when this
relationship was looked at within gfoups, a practice which sometimes
produces significant results. This indicated that‘water use by plants
was not determiped by ;he soil's textural composition, even though £h¢
amount of plant available Qater Qas,a function éf the soil's texturél
coﬁposition.

Deep leaching of soil water past root zones was more pronounced

‘and occurred more frequently in new spoils than in undisturbed soils.

It was almost nonexistent in old spoils. The similarity between new
spoils and undisturbed soils suggested that vegetation had.a majof"in—
fluence on deep leaching becaﬁse both groups were dominated by graéses‘
and_forbs; Furthermore, deep 1eaching was greatest in new époils
probébly because they had the least amount of root biomass énd, there~

fore, utilized smaller amounts of soil water (see Root.Biomass section).

Deep leaching was almost nonexistent in old spoils probably because the

deep-rooting shrubs on these spoils were able to utilize soil water at

deeper soil depths.

Soil Water Potentials and Soil Temperatures

Unfortunately, the infdrmatibn obtained using double=junction

thermocouple psychrometers during this investigation was deemed
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unreliable and, therefore, did not merit .a formal diécussioﬁa .Nevér—
theless, for sake of.cbmpleténesé all soil water potentiélélaﬁd
soil temﬁeratures are presented an Appendik-ﬂ,

Using information that was géthered during the first few months
of the invgstigaéion, it was found that ;oil W#ter poténtiéls, célcu—
iated WiFh the:calibration equation éuppiied by the @anufactu?er, had
a low negative co;relation with soil water contents. fhéoretic;lly,
soil water potentials have a hiéh positivé qorrelatian with soil water

contents, meaning that soil water potentialé increase (become less

" negative) with soil water contents. It was felt that perhaps the ﬁanu—

facturer's calibration equation was in error. Therefore;-all TCPs were
removed ﬁrom the field, cleaned and recalibrated. The calibration,
results were fit to an equétion deQeloped by Rawlins'(1972)., The first
year's field data were revised using the new calibration equations; but
the same type of rélationship between soil &ater potentials and water
contents remained. TCPs were 1atér returned to the field and were
monitored for thé remainder of the investigation period.

There were other indications that the déta derived from TCPs .
were unreliable. For instance, the soil water potential at 90 cm in the
1970vspoils droﬁped from -6.5 to -41.7 bars dufing the period from '
October 22 to November 24, 1976. The;e was no reasonable explanation"

for this drop in soil water pOteqtial‘except that pherTCP was faulty.
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Such fluctuations were found in virtually every other profile and not

just once, but repeatedly.

Root Biomass

Root biomass was determined from fifteen 1000 cm3 soil samples
that were collected from three depth intervals (five from each) in all
soil profiles. Mean root biomass, expressed on an ash-free basis, are
presented in Table 7. Total root biomass ranged from 1.24 mg ml-l in

=i,
the 1975 spoil to 4.58 mg ml in the 1924 spoil (No. 5).

Table 7.--Root biomass (mg ml—l)at Colstrip study area in 1976.

Depth Interval (cm)

Profile (Site No.): 5-15 45-55 95-105

Native Soil
Chinook
Yamac
Kobar
Busby (6)
Busby (8)

0ld Spoil
1924 (5)

1924 (7)
1924 (9)
1982
1948

New Spoil
1969

1970
1972
1973
1975
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Group compgrisons were made using the same four undisturbed
soils? old spoils and néwAsﬁoils that were used in the soil water
segtions (Table. 8). ‘These group yalues were fitted to aﬁ'équatioﬁ of
a straight line reiating the naturalllogarithm of.toot biomass to soil
depth:
W@ = W(o)e °F

where W(%) is the root biomass at depth %, W(o) is the root biomass at

the soil surface and a is the slope of the 1iné.

Table 8. Group root biomasé'(mg ml_l)at Colstrip study area in 1976.

Depth Interval

(cm) Native Soil 01d Spoil New Spoil
5-15 2.81 2.40 1.66
45-55 0.21 0.35 0.07
95-105 0.09 0.22 0.05

The slopes of the straight lines for undisturbed soils, old
spoils and new spoils‘wefe -.O3f4, ;.0258‘and -.0377, respectively.
Although root biomass héd ﬁigh-negative correlations with soil depth in
undisturbed soils (r = -.94), old spoils (r = -.92) and new spoils (r =
-.88), these correlations were not significant at the .95 level tP =
.23, .27 -and 32, respectively). Nevertheless,  the vertical rooting
distribution in undisturbed soils was similar to the oﬁe in new spoils,

but different from the one in old spoils. This was explained by the
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fact the undisturbed soils and new spoils were dominated by grasses and
forbs, while old spoils were dominated by half-shrubs (Appendix D).
Grasses and forbs have fibrous roots and half-shrubs have woody roots
of greater mass.

Group comparisons showed that root biomass was not signifi-
cantly different at the .95 level. This was true at the 5-15 (P = .22),
45-55 (P = .22) and the 95-105 (P = .38) cm depth intervals as well as

for total root biomass (P = .20; Table 9).

Table 9. ANOV for root biomass at Colstrip study area in 1976.

Source Dk SieS:s M.S5. F-Value P-Value
5-15 cm:
Group 2 2.678 134 1.80 0.22
Error 9 6.710 0475
Total gl 9.389
45-55 cm
Group 2 0.159 0.080 1 81 0522
Error 9 0.398 0.044
Total 11 055517
95-105 cm
Group 2 0.067 0.033 1.09 0.38
Error 9 0.274 0.030
Total 11 0.341
Total Profile
Group 2 4,347 2.174 1,93 0.20
Error 9 19173 1126
Total 11 14.48

Root biomass at 45-55 and 95-105 cm depth intervals had high
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correlations with water use at cbrresponding depths during the period

from April 4 to June 15, 1977, in undisturbed soils (r = .98 and .97) .

and new spoils (r = .99 and'.93). All of these coffelations, except
the one for new spoiis at the 95-105 depth interval, were significant
at the .95 level (Table 10), indicating that water use in the subsurface

horizons of .undisturbed soils and new spoils, both dewhich‘were domi-~

nated by grasses and forbs, was a function 6f root biomass. Correspond- -

ing cofrglations for old spoils were'negative (r = -.73 and -.80) apd
not significant at the .95 1éve1, suégesting that water use in the sub-
surface horizons of old spoils, which was dominated by half-shrubs, was
not influenced-ﬁy root biomass. Similar correlations for the surface

horizons of undisturbed soils (r = .453), old spoils (r = -.84) and new

spoils (r = -.75) were not significant at the .95 level. This suggested:

that other factors besides root biomass influenced water use in upper 15
cm profiies, but evidence was not conclusive since 1afge errors were

associated with in situ soil water content measurements near the soil

surface,

Root Activity - Radioactive Tracer (32P)

Radioautographs sﬁowing 32P distribution. Vertiqal-rootiﬁg

distributions were monitored in 1976 and 1977 by injecting radioactive_
phosphorus (32P) into the soil and measuring radioactivity in the above

ground portions of piants growing near the injections. RadioautographsA
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Table 10. ANOV of root biomass regression on soil water use (cm) at
Colstrip study area from April 4 to June 15,1977.

Source DK S¢S M:S. F-Value P-Value

Native Soil Group

5-15 em 1 .0509 .0509 s 51 .549
Error 2 .1992 .0996
Total 3 .2502
45-55 cm 1 2.734 2.734 62.5 .012
Error 2 .0875 .0437
Total 3 2.+821
95-100 cm 1 5.648 5.648 3250 .026
Error 2 .3528 .1764
Total 5! 6.000

0l1d Spoil Group
5-15 em 1 7.:132 7.132 4.80 .161
Error 2 2.969 1.485
Total 3 10.10
45-55 cm 1 12512 12612 2.32 .268
Error 2 10.46 5.228
Total 3 22.58
95-105 cm 1 16.39 16.39 357 .200
Error 2 9.178 4.589
Total 3 25,457

New Spoil Group
5-15 cm 1 .0172 2 0172 2,57 a5l
Error 2 .0134 .0067
Total 2! .0307
45-55 cm 1 6.975 6.975 16 .006
Error @ .1201 .0600
Total 3 7.095
95-105 em 1 20.59 20.59 12.8 .068
Error 2 9372723 11612
Total 3 23,82
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were taken of radioactive plants that were collected from the Chinook
undisturbed soil on July 31, 1977. Figure 12 shows the distribution of
32P in the taprooted half-shrub Artemisia frigida and the perennial,

cool season bunchgrass Stipa comata. These specimens had taken up 32P

from 15 and 107 cm, respectively.

a)

10
cm

Figure 12. Radioautographs showing 32P distribution in a)
Artemisia frigida and b) Stipa comata at Colstrip study area.

Most of the 32P present in the tops of Artemisia frigida was
concentrated in its actively growing new leaves and stems. Smaller
amounts of 32P were found in its main stem and older (longer) leaves.

The area where new growth initiates in Stipa comata, the apical point,
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had a greater concentration of 32p than did its older leaves.®

32P concentrations véried‘

These radioautographs indicated that’
within a plant. Since plahts'dq pot all have the same 'structures, it

was impossible to compare radidactivities‘of one particular plant -

" structure across all species. Therefore, all plants were surveyed .on

each measurement date and the most radioactive part of a plant was

selected for counting.

In situ radioactivities — 1976. Figures 13-15 represent plant
radioactivities méasured in gitu on thirteen sites'during the summer of
1976. Radioactivity in a plant was an indication that its ‘roots were
active ét'the 32P_injection depth over whigh it. vas growing since only
by.root absorption and translocation of the injected 32P to thé plant’'s

above-ground portions (tops) could there be any ;adioadtivity to measure.

_The intensity of a plant radioactivity was approximately proportionai to

3‘2P that was present in its tops.

the total quantify of.
The préblem oﬁ radioactive contamination of soil along the

inside wall of injection‘holes and at the soil surféce cbmpiicated

matters since plants absorbing qoﬁtaminated 32P appeared to have écpive

roots at the injection’deptﬁs when in fact they didn't., Fortunately,

the amount of 32P available to plants from a full dosage was much

, 6Persona1_communication with Dr. E. DePuit, Range Scientist,
Animal and Range Départment, Reclamation Division, Montana State
University. ‘
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Figure 13. Plant radioactivities measured in situ on undisturbed soils at the Colstrip
study area in 1976.
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greater than from contamination., Consequently, radiation levels in
plants obtaining 3ZP from full dosages usually increased during the
first few weeks following injections, whereas radiation levels in
contaminated plants usually decreased. By comparing measurements taken
dﬁring the first'few weeks following injections, it was possible to
Aistinguish which plants were contaminatéd.

Due to problems encountered in thé field, measurements were not
taken on the following sites: Kobér (all depths); Busby, No. 6 (107,
137, 183 cm); Busby, No. 8 (107 cm); 1924 spoils, No. 7 (167 cm)
1948 spoils (all depfhs); 1975 spoils (183 cm); and 1969 spoils (all
depths in June). Some of the measurgments taken in June and August,
1976, were ﬁnderestimated due to équipment malfunctions, which made for
difficul; analysis. However, some impdrtaﬁt'fihdinés Qere made that
require consideration. A brief summary of the data collected on 9ach

soil or spoil group in 1976 is given below. Afterwards, the various

~ factors that affected plant radioactivities are discussed in detail.

Radioactivity on undisturbed soils. Figure 13 represents radio-
activity measurements taken on plants in undisturbed soils during the |
period from June 24 to August 10, 1976 (Note: these dgtes and the ones
cited later’in the thesis are approximatelf the mid-points during the
3-4 day periods it took to survey every site).

After eliminating those plants which were believed ﬁb be con-

taminated and those whose radioacti&ities fell below the reyised
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background count (13 cpm, P = .95), 24 plants were found to have taken

upl32P.‘ During the 10-week period, a total of 45 measurements were

recorded on these plants, 93 percent on those growing aboVe-injections
in the ﬁpper 76 cm of the soil profiles. The first measurement recorded

32

on a plant which had taken up ““pP frbm goil depths below 76 cm was on

July 15 at Busby site No. 8. The total number of radiocactive plants

measured on each date remained féirly constant. Héwever, radiation

intensities generally incréased in most plants between June and July,
especially in those withiactive roots at 46 cm.

The perennial bunchgrasses; Stipa comata, Aristida longiseta
and Poa sandbergfi,,acqounted for 36 percent of all radiocactivity
measurements and.39 percent of all radioactivity recorded on undisturbed
soils in 19?6. Considering that all but one of the plants in this grouﬁ
had ;aken up 32P froﬁ'the top 46 cm of the»soil'préfiles, it was |
apparent that the roots of these bunchgrasses are amoﬁg‘the most -
prevalent in the surface horizons of undisturbed soils.

Considered as a group, including the annual :Bromus.tectorum and
the rhizomatous perenniai CaZamoviZfﬁ longifolia, grasses accounted for
56 percent of all radiocactivity measurements and 48 percent of -all
radioacﬁivity recorded on plants growing‘in undisturbed soils, which
indicated that the roots of these grasses were améng the m&st.prevaleﬁt
in undisturbed soils in 1976. |

The Eaprooted, leguminous, perennial forbs Petalostemon
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pur'pure;,un, Psoralea esculenta and Melilotus officinalis.accounted for
45 percent of all radioactivity and 18 percent of ali radioactivity
measurements recorded on undisturbed soils.

The average radioactivity measurement taken on Petalostemon
purpureum was 4252 cpm. If these méasurements were deleted from the
computation of the average fadioactivity'meaSurement taken on undis-
turbed soils, it would have dropped from 1169 to 784 cpm.

The remaining 26 percent of the radiocactivity measurements
represented only 7 percent of the radioaétivity recorded on plants
growing in undisturbéd soils in 1976. - |

Radioactivity on old gpoils. Figure 14 represents radioactivitf

measurements taken on old spoils in 1976. After eliminating those
plaﬁts which were contaminated or had radioactivities below the revised
background count, 26 radioactive plants remained. A total of 46

measurements were taken on these plants during the test period, 63

percent on those growing above injections in the uppef 76 cm of the

soil profiles. On July 15, at least one plant was .found on each old

" spoil that showed evidence of having taken up 325 from below 76 cm.

The number of radioactive plants counted on old spoils in July
was more than double the number counted in June. This was perhaps due

to roots growing into radioactive soil or the roots were already there,

but oniy'beéame active later in the growiﬂg season. There was also the

possibility that roots éBsorbed,BzP early , but didn't translocate it
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to the above-ground portions of the plant until latér in the growing
season. Substantial increases were also noted for radiation intensities
in July, especially in plants with»active réots at 76 cm.

The taprooted, half—shrub‘Artemiéia dracunculus, domiant on

53~year-old spoilé, accounted for 37 percent of all radioactivity
-recorded on old spoils in 1976. At the beginning of the test period

radioactivities were greatest in plants of this species that had active

roots at 15 cm. Two weeks later radioactivities Qere greatest in those
with active roots at 46 cm. By the end of the test period, August 10,
radioactivities were greatest in those plants with active roots at 137
cm. A few possible reasons have already'Been given concerning the °
increase in the number of radioactive planté during ?he growing season
and they can also be related to the increase of fgdioactivify in plants
with active roots at lower injection depths duriﬁg the latter part of

the growing season. This pattern might also be explained by the in-

crease of water use from the lower soil profiles towards the end of the .

growing Season because 32P uptake has been shown to be influenced by
soil moisture.

Considered as a group, including Artemisia édna and Rosa
arkansana, half-shrubs accounted for 50 percent of the radioaétivi;y
measurements and 59 percent of the radioactivity recorded on old spoils
in 1976.

Melilotus officinalis and Psoralea esculenta, both taprooted,
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leguminous forbs{ accounted for most (34 percent) of the remaining
rgdioactivity recorded in old époils. -Although 26 percent of,alliradio—
activity measurements recorded on old spoils were taken on these two
forbs, not once was there an indication that they had active roots at
15 dm;v their roéts were only active at 46, 76 and 107 cm. That Qas
very different from the taprobted Artemisia dracunculus which had taken
up the majority of its 325 from 15 cm.

Radioactivity on new spoils. Figure 15 represents plant radio-

activities on new spoils during the period from June 24 to August 10,
1976.  After making the usual eliminafions, there were foun& to be 21
radioactive plants growing on thése spoils. During the 16-week test

period a total of 44 measurements wefe recorded on these radioactive

planté,.89Apercent on‘those growing above injections in the upper’76

cm profiles. The 1970 spoil was the only new spoil that showed evid-
ence of its planté takihg up.?zP from beiow 76 cm in 1976,

Slight increases in the number of radioactive'ﬁlgnts measuﬁed
on new spoils were recorded in July and August. The ﬁajofity of-thé 32P
taken by plants in June Was found in flants with active roots at 15 cm.
By mid—July, the radiation.intensity of these planfs had not increased;
but in blants with active roots at'46‘cm it had increasea subéténtially.
(Note: data collected on the 1969 spoil was unusable becéuse it was
impossiﬁle to identify which of the plants were contaminated without

June's measurements.)
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The taprooted forbs Salsola kaZi, Melilotus officinalis (legume) -

and Medicago- sativa (legume) accounted for 41 percent of all radio-
‘activity meéasurements recorded on néw spoils in 1976. Not only were

these forbs the dominant plant type having active roots in new spoils

325 tHan the

in 1976, but they appeared to have greater affinities fér
other piants on new spoils as evidenced by the fact that they accounted
for 76 percent of the radiocactivity recorded on new spoils. All of.tha
32? taken ut‘by these two forbs was from the upper 76 cm‘of the soil
profiles.

The perennial bunchgrasses Agropyron elongatum and Stipa comata
had also accounted for 41 percent of ali radioactivity measurements
taken on new spoils in 1976, but they only accounted for 17 percent of
all radioactivity. |

The remaining 18 percent of the radioactivity meaaurements taken
on new spoils accounted for only 6 percent of the radioactivity. These -
measurements were recorded on the grasses Agropyron smithii, Bromus

inermis and Avena fatua. ' ‘

Nearly half of the radioactive plants measured on new spoils in .

. 1976 grew on the oldest new spoil, 1970. The smallest number of radio- .

active plants recorded on new spoils grew on the youngest spoil, 1975.
In summarizing the foregoing diacussiqn, it was found that the
number of radioactive plants and measurements recorded on undisturbed

soils, old spoils and new spoils were nearly identical, implying that '
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the quantity of roots in these groups was not significantly différent.
This claim was backed by the results in the root biomass section Wh}éh
showed that the quantity of roots in the upper 100 cm profiles was not
significantly different between groups. However, the percentage of
radioacti&ity meésurements taken on plants with active rosts below 76
cm was approximately 36 percent greater on old spoils than on new
spoils and undisturbed séils. Apparently, the half-shrub, Artemié?a
dracunculus, which accounted for half of the radioactivity measuremehts
recorded on plants in old spoils with active roo?s bélow 76 ém; héd a
deeper rooting distribution than the grasses and forbs that déminated
new spoils and undisturbed soils. |

Average plant radioactivities for groups, dates and dépthé are -
presenfed in Table 11 (Note: Chinook was substituted for Kobar in éhe '
undisturbed soil group). Radioactivities were significantly different
at the .95 level for groups (P = .00), dates(P = .00) and depths P =
.00; Table 12). Two-way interactions‘for group and-dépth (P =.005),
and date and.depth (P = .032) were significant at the .95'1eve1, indi— ,
cating that radioactivities of plants with active roots at,a.sﬁecific
dgpth were dependent on the soil group and the meésurement date.

A difference greater than 93 cpm‘between ave?age plant fadio—
activities was significant at the .95 level (L.S.D.). Table 13 lists
those gfoﬁps, dates and injections depths  from where 32P was taken up

which had similar radioactivities. Plant radioactivities were
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Table 11. Average plant radioactivity (cpm) at Colstrip study area
in 1976.
Native Soils 0ld Spoils New Spoils
Depth
(cm) 6/26 3125 - B/7 6/26°" 1115 . Bf7 6/26 .. 7/15. B/Y
D 1984 1843 165 515 422 87 469 401 270
46 1051 2744 625 197 379 82 100 662 91
76 717 935 35 80 471 70 31 122, 105
107 173 35 I8 =
137 150 135 30 17 10
183 65 60

Table 12. ANOV for average plant radioactivity at Colstrip study area

in 1976.

Source D.F. S5, M.S. F-Value P-Value
Group 2 2,336,349 1,168,174 35 .47 .000
Date 3 1,193,790 596,895 7.90 .003
Depth 5 4,554,351 910,870 12.06 .000
Group X Date 4 840,044 210,011 2548 5055
Group X Depth 10 2,926,526 292,652 3.88 .005
Date X Depth 10 1,981,030 198,103 2.62 .032
Error 20 155102317 75,516

Total 53 154343,410 289,479

significantly greater on undisturbed soils than on minespoils, old and
new, indicating that some factor or combination of factors occurring in
undisturbed soils were more favorable than in minespoils. This
factor(s) could have been related in some way to soil properties or to
plant properties. These possibilities are explored in detail in the

following section. The same type of explanations are given in the
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Table 13. Plant radioactivities at Colstrip study area in 1976 (LSD).

Radioactivity
(cpm)
Group Native Soil 11692
01d Spoil 246b
New Spoil 271b
Date June 26 64428
July 15 867P
August 7 162€
Depth (cm) 15 6592
46 882b
76 355¢€
107 1774
137 58€
183 60°€

following section pertaining to differences in plant radioactivities for
measurement dates and rooting depths.

Factors affecting plant radioactivity. The effect of groups on

radioactivities was mainly due to differences in the phosphate fixing
capabilities of undisturbed soils and minespoils, which resulted in
larger quantities of plant available 32P in undisturbed soils than in
minespoils. Although 32P availability was not measured directly, it was
inferred from the following information.

Nye and Foster (1958) provided evidence showing that 32P avail-
ability was directly proportional to the "labile phosphate pool" in the
soil solution. Assuming that the radioactivity of plant tops was

2
directly proportional to the amount of plant available 2 P, the
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difference between dates of plant radioactivity divided by water use

32

was an estimation of the concentration of ""P in the soil solution. of

32

course,-  the concentration of P in the sSo0il solution was not the same

as the concentration of 31

P in the soil solufioﬁ. Both of these phos- .
phorus forms in the solufion phase were in equilibrium withlfﬁe solid
phase in the soil. This equilibrium was felatealto the phosphéteyfixing
capacity of the soil.

Radioactivity changes were calculated using the following

equation:

FC . . (-))
tC
(1 A.‘ —xtz -Atl
(e -e )
l '—Xtc
(2) FCt = Ect - (FCt Ye
c 2 1

where tc = t2 - tl; A is the actual plant uptake of 32P by the

plant between measurement dates; FCt is the corrected field count

_ e

measured on date 2 obtained from equation (2); FCt and FC are the
2 1

corrected field counts measured on dates 2 and 1, respectively; A is

to 0.693/half-life of 3

2P (14.3 days). Derivation of these equations
are presented in Appendix C.

Changes in total plant radicactivities between June 26 and July
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15, 1976 were calculated for plants with active roots in upper 76 cm
profiles. Changes in soil water contents between June 29 and July 11,

1976 were calculated for upper 75 cm profiles. - Although these two sets

" of dates did not coincide, they were considered to be close enough to

estimate the concentration of 32P in the soil solution (Table 14).

Table 14, Radioactive pﬁosphorus concentration in sdil solutions at
Colgtrip study area in 1976.

Native soils 0l1ld spoils New spoils
A (cpm) 4763 1003 1021
Water use (cm) 14.44 20.64‘ 16.40
[32p1* (cpm en™h) 330 | b9 69

The concentration of 32P in the soil solution of undisturbed

soils, 0ld spoils and new spoils had a high correlation (r = .99) with

average plant radioactivities (1169, 246, and 271 cpm, respéctively).

-The correlation was significant at the .99 level, indicating that the

assumption made at the Beginning of this argument was probably correct
(Table 15).

Table 15. ANOV for [3?P]’ regression on average plant radiqactivity'
at Colstrip study area.

Source D.F. S.S. M.S. F-Value " P~Value
Regression 1 50,303 50,303 - 3373 - .013
Error ' 1 X 14.914 14,914

Total -2 50,318
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32 4. 32 ..
0f course, [ P] was not the actual concentration of P in the
soil solution. However, this was not to say that [32P]’ was not
directly related to the actual concentrations of 32P in the soil solu-

[32p] had

tion or that [32P]‘ was not determined by soil properties.
é high negative correlation with soil pH (1:1 HZO; Appendix E) at 15,
46 and 76 cm injection depths (r = -.99). The average soil pH for
undisturbed soils, o0ld spoils and neh spoils was 7.9, 8.4 and 8.4,
respectively. The correlation between [32P]’ and soil,pﬁ was signifi-
cant at the .95 level (P = .026), meaning that the higher the soil pH,
the lower the [32P]’ (Table 16). This conclusion was supported by the
early work of Truog (1946) who showed that phosphorus aﬁailability

gradually decreased as soil pH increased from 7.5 to 8.5 due to the

presence of free calcium carbonate.

Table 16. ANOV for [32P]’ regression on soil pH at Colstrip study area.

Source D.F. . S.S. M.S. F-Value P-Value

Regression 1 50,233 50,233 594 .026
Error 1 - 84.50 84.50
Total 2 50,318 .

The same type of relationship cited above for [32P]’ and soil pH
was found for average soil group radioactivities and soil pH; as'soil
pH increased, average plant radioactivities decreased. This correlation

(r=-.99) was also significant at the .95 1eve1 (P = ,016; Table 17).
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Table 17. ANOV fbr goil pH regression on average plant radioactivity
at Colstrip study area.

Source D.F. 5.S5. _ M.S. - F-Value P-Value
Regression 1 552,673 . 552;673 . 1769 .. 016
Error 1 - 312.50 312.50 "

Total ' 2 552,986

The preceding argument asserted that plant radioactivities were

32p availability and that S2P availability

on the whole a function of
was influenced by soil pH. However, this argument does not explain the
effects of rooting depth and time on plant radioactivities.

‘The effect of time on plant radioactivity was probably partially
explained by developﬁental changes in the.plants during the growing
season., For instance, phoéphorus was probably concentrated in the plant
seed head after flowefing and later returned to the base of the plant
before desiccation in August. Unfortunately, different plant parts wefe
not monitored during the growing season for radioactiyity changes and,
therefore, no direct evidence was collected to support this explanation.

The effect of rooting depth on plant radioactivities was-also
probably related to developmental changes in plants during the growing
season, especially in annuals. During the early part of the growing
geason plant roots would be most active near the soil surfacg
because of the adverse effect of colder temperatures at lower depths on

root gfowth. As the subsoil becomes warmer, roots may grow deeper into

the soil profile.
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Factors not affecting plant radioactivity. Lipps et al. (1956)

reported that phosphorus uptake was influenced by soil moisture, but
that it didn't necessarily parallel moisture uptake. Total and average
radioactivity changes over time (A) in plants with active roots in the
upper 76 cm of the soil profiles were poorly correlated (r = .0l and
.02, respectively) with soil water use during the period from June 26

to July 15, 1976. Any correlations between total or average A and water
use were not significant at the .95 level (P = .97 and .96, respec-
tively), signifying that phosphorus uptake did not parallel water uptake

(Table 18).

Table 18. ANOV for total and average A regression on water use (volume
%) at Colstrip study area.

Source D.F. S.8: M.S. F-Value P-Value
Total A:

Regression i N, 22 1,212 .0012 92
Error 7 .6796E07 970,850

Total 8 .6797E07

Average A:

Regression 1 42.46 42.46 .0025 .960
Error 7/ 117,245 16,749

Total 8 117,288

There were two other possible explanations for plant radio-
activity differences between undisturbed soils and minespoils, old and

new. One was that plants on undisturbed soils had greater physiological
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needs for phosphorus than plant species on old and new spoils. The
other explanation was that phosphorus uptake was dependent on root
biomass and that undisturbed soils contained more roots than old and
new spoils, even if not statistically significant.

Radioactivity differences between individual plant species
were not thoroughly examined because of insufficient data. However,
radioactivity differences between plant types were examined and found
to be greater within plant types across sites, depending on where they
were growing, than between plant types (Table 19). Although radio-
activities appeared to be affected by plant type, it was inconsequential

compared to soil effects.

Table 19. Radioactivity arranged by plant type at Colstrip study
area in 1976.

Average radioactivity (cpm)

Plant type Native Soils 0ld Spoils New Spoils
Perennial

bunchgrasses 1295 25 2
Grasses 1003 43 104
Taprooted forbs 2991 57 368
Forbs 1778 251 502
Taprooted

half-shrubs - 260 -
Half~-shrubs - 163 -

In a few instances average plant radioactivities had high posi-
tive correlations with root biomass, but none were significant at the

.95 level (Table 20). However, it appeared that plant radioactivities
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within a particular soil group were partially dependent on root biomass

at certain times during the growing season.

Table 20. Partial correlations (r) of average plant radioactivities and
root biomass at Colstrip study area.

Native Soil Date 0ld Spoil Date New Spoil Date

6/26 7/15 8/7 6/26,.7/1S “8[1 67126 FIA5: 05817

r .88 Wi -.21 .94 + 67 cb2 .98 13 .96
P-value «32 .83 .86 A «52 .56 gl 3 «91 .20

Comparisons between groups showed that average plant radio-
activity had a positive correlation (.73) with root biomass (Table 21).
This correlation was not significant at the .95 level (P = .48), indi-

cating that plant radioactivity was not very dependent on root biomass.

Table 21. ANOV for average plant radioactivity regression on root
biomass at Colstrip study area.

Source D.F. S sl MiS. F-Value P-Value
Group 1 296,184 296,184 3 o 55 478
Error 1 256,802 256,802

Total 2 552,986

In situ radioactivities - 1977. Objectives of the 32P study the

second year were (1) estimation of plant radioactivity variability with-

in an undisturbed soil, an old spoil and a new spoil; (2) examination
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of site effect on radioactivities in plant species.cbmmoﬁ to all sites;
and (3) verification of results from first yeér.

Figures 16-31 represent <7 8itu radioactivity measurements taken
on undisturbed soils, old spoils and new spoils during the period from
April 16 to July 31, 1977. Abbreviations were used in place of complete
plant names to make the figures more presentable. A key to'the names
and abbreviations are given in Table 22. Some of the abbreviations in
the figures are followed by numbers which identify plants of the same
species growing above a particular 32P injection.

Radioactivity on undisturbed soils. Figures 16-18 represent

. . e . . 3 . .
radioactivity measurements taken on three replications of ZP injections

in the Chinook undisturbed soil. This soil was chosen to receive 32P

replications because,of the eleven sites available for investigatiom, it
had the largest quantity of root biomass and, therefore, represénted
optimum rooting conditions.

A total of 114 measqrements wére taken on 27 radioactive plants
in 1977, 91 percent on those growing above injections in the upper 76
cm of the soil profile. ‘Radioactivity was first recordéd on a plant
which had taken.up 2P from soil depths below 76 cm on May 13, which
was nearly 5 weeks after injection. The total number of radioactive
plants recorded at one time gradually increased to 24 on'Juné 15 and
then slowly decreasea, suggesting that'the mid-point of the 1977 growing

season occurred during the month of June.
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Figure 16. 73 situ plant radioactivities on Chinook undisturbed soil at Colstrip study

area - replication 1, 1977.
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Figure 17. In situ plant radioactivities on Chinook undisturbed soil at Colstrip study
area - replication 2, 1977.
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Figure 20. In situ plant radioactivities on 1932 spoil at Colstrip study area -
replication 2, 1977,
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Figure 22. In situ plant radioactivities on 1970 spoil at Colstrip study area -

replication 1, 1977.
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Figure 25. In situ plant radioactivities on Yamac undisturbed soil at Colstrip study
area in 1977.
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Figure 26. In situ plant radioactivities on Busby (8) undisturbed soil at Colstrip

study area in 1977.
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Figure 27. In situ plant radioactivities on 1948 spoil at Colstrip study area in 1977.
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Figure 30. In situ plant radioactivities on 1973 spoil at Colstrip study area in 1977.
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Table 22. Abbreviations of plant names.
Abbre- Abbre-
viation Plant Name viation Plant Name
Acmi Achillea millefolium Debi Delphinium bicolor
Ager Agropyron cristatum Dagl Dactylis glomerata
Agda Agropyron dasystachym Feor Festuca ovina
Agel Agropyron elongatum Grsq Grindelia squarrosa
Agsm Agropyron smithii Gusa Gutierrezia sarothrae
Agsp Agropyron spicatum Kocr Koeleria cristatum
Agtr Agropyron trachycaulum Lapu Lactuca pulchella
Agtri Agropyron tricophorum Laso Lactuca serriola
Anspp Antennia species Lemo Leucoerinum montanum
Ardr Artemisia dracunculus Liin Lithospermum incisum
Arfr Artemisia frigida Meof Melilotus officinalis
Arlo Artistida longiseta Mesa Medicago sativa
Arlu Artemisia ludoviciana Onvi Onobrychis viectaefolia
Asspp Astragalus species Popr Poa pratensis
Atca Atriplex canescens Posa Poa sandbergit
Bogr Bouteloua gracilis Raco Ratibida columnifera
Brin Bromus inermis Rowo Rosa woodsii
Brspp Bromus species Somi Solidago missouriensis
Cafi Carex filifolia Sostp Solidago species
Canu Caloshortus nuttallit Stco Stipa comata
Cami Camelina microcarpa Stvi Stipa viridula
Chvil Chrysopsis villosa Taof Taraxacum officinalis

Chvis Chrysothamnus viscidiflorus  Trdu Tragopogon dubius
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2P uptake was generally confined to plants with active roots
in the upper 46 cm of the Chinook undisturbed soil during the period
from April 17 to May 31, 1977, and it was usually more intense in thoselx
‘plants with active roots at 46 cm. By June 15, a few plants had taken
up 32P from 76 and 107 cm and radioactivity was greatest in piants With‘
active roots at 76 cm. For the remainder of the investigation period,
average plant radiocactivities were greatest in plants with active roots’
at 107 cm. |
' The majority of the radioactivity measurements (83%)~taken on
the Chinook undusturbed soil were recorded on 9 grass epecies, espe-
cialiy the. perennial bunchgrass Stipa comata (55%). The biennial forb
Tragopogon dubius accounted for the remainder of the measurements,
(17%). Stzpa comata accounted for the majority of the radioactivity
measurements taken on the Chinook undisturbed soil in 1976.
Average plant radioactivities of the three replications of 32P
injections in,the Chinook undisturbed soil were significantly different
at the .95 level for replications (P = .018) as were measurement dates -
(P = .020), but data from different'injection depths were not_different:'
(P = .147, Table 23). Only the top four injection depths were used in
this analysis because 97 percent of the radioactiVity\measurenents were
taken on plants with active roots in the top 107 cm. Interaction
between the three main effects was not significant at the .95 level

(P = .221) and, therefore, was eliminated from the analysis to give
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better resolution to the experiment. A difference greater than 41 cpm

was significant at the .95 level (LSD).

Table 23. ANOV for average plant radioactivities on the Chinook undis-
turbed soil at the Colstrip study area in 1977.

Source D.F. S.S. M.S. F-Value P-Value
Reps 2 248,587 124,294 4.23 .018
Date 7 524,394 74,914 255 .020
Depth 3 166,939 55,466 1.89 147
Error 83 2,439,908 29,396

Total 95 3,379,829 3552 1,

Table 24 lists the average radioactivities for replications and
dates and signifies which of these averages were similar. It was noted
that replication 2 had nearly double the average radioactivity of
replications 1 and 3, indicating that 32? uptake on the Chinook undis-
turbed soil was highly variable possibly because of pH variability in
the Chinook soil profile. Average plant radioactivities were similar
on quite a few dates, indicating that 32? uptake was similar during
most of the growing season and only became significantly different
during short periods, perhaps when plants underwent physiological
changes; flowering.

The fact that plant radioactivities on the Chinook undisturbed

soil were significantly different between replications suggested that

32

P availability was highly variable within the test plot.
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Table 24. Plant radioactivity on Chinook undisturbed soil at
Colstrip study area in 1977 (LSD).

Radioactivity (cpm)

Replication 1 1242
2 316b
3 1602
Date April 17 745
May 1 278b
May 13 449¢
May 31 268b
June 15 307P
July 9 1524
July 19 91a
July 31 738

Unfortunately, information was not collected during this
investigation on the variability of soil properties (i.e., soil

pH) within a site. Therefore, it was impossible to verify this

assumption.

The difference of plant radioactivities between dates was
attributed to developmental changes in the plants during the growing

season as explained earlier in the section on factors affecting radio-

activity.

Radioactivities were not significantly different between plants
taking up 32P from different injection depths. That was not surprising
since plant radioactivities were greatly dependent on 32P availability,

which was in turn somewhat dependent on soil pH. Soil pH did not vary
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with depth in the Chinook undisturbed soil (i.e., 8.2 to 8.5 between 10

and 100 cm).

Radioactivity on old spoils. Figure 19-21 represent radio-

éctivity measurements taken on three replications of 32P injéctioﬁs made
in the 1932 spoils. This old spoil was chosen to receive 32P replica~- -
tions because it was the oldest spoil available for investigation in
1977 and, therefore, represented spoil material which had been éxposed
the 1ongest'to soil-forming factors. All three of the 1924 spoils were
to be stripmined for coal in the near future ahd, therefore, could not

. 32
be injected with “7P.

Sixty-six measurements were taken on 19 radioactive plants in

e

1977, 93 percent on those growing above injections.in the upper 76 cm
of the soil profile. Radioactivity was recorded only on one plant that
had taken up 32p from soil depfhs'below 76 cm and that was on the last

measurement date. The total number of plants recorded on any one date

followed the same pattern as described for the Chinook undis;urbgd soil,

except that it fell sharply on May 31, which was attributed to operator
error.

32P uptake was confined to plants with active'roots in the upper
46 cm profilé of the 1932 spoil during the first 6 weeks of the study

and radioactivity was greatest in those plants with active roots at 15

cm. By June 16 a few plants had taken up 32P from 76 cm in the soil
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profile and it was on these plants that radioactivity was most(inteﬁse
during the femainder of the investigation period.

Two-thirds of the radioactivity measurements on the 1932 spoils'_
in 1977 were recorded on 5 grass species 6f &hich half (397%) were on‘the
cool-season bunéhgréss Agropyron spicdtum. This was quite a change from
1976 wﬁen MEZiZotus offiéinalis was the most often monitoféd plant on
the 1932 spoils. The difference was brobab}y explained by the fact that
most of the cool—se;son piaﬁts wgre past their peak growing periods in
1976 when the study got under way in late June and, therefore, were ﬁot
actively taking up large quantities of nutrients like the taprooted
Melilotus officinalis. 1In 1977 the study began in early April and the
32 '

cool-season grasses had more of an opportunity to take up “"P.

Average plant radioactivities of the three replications of 32P
injections in the 1932 spoils were not significantly different for
replications (P = ,186), measurement date (P = .092) or injection depth

(P = .158; Table 25).. Only the top three injection depths were used.in

this analysis because 987 of the radioactivity measurements were taken

on plants with active roots in the top 76 cm. Interaction between the
three main effects was not significant at the .95 level (P = ,62) and '
was dropped from the analysis to give better resolution to the experi-

ment .
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+ Table 25. ANOV for average plant radioactivity on 1932 old spoil

at Colstrip study area in 1977.

Source D.F. S.S. M.S. F-Value -  P-Value
Reps 2 283,543 141,771 1.74 . ..186
Date 6 950,068 158,345 1.9 .092
Depth 2 3.2,491 156,246 1.91 .158
Error 52 4,245,964 81,653

Total 62 5,792,066

Average plant radioactivities were not significantly different

between replications, implying 32P availability, i.e., soil pH, in the

1932 spoilé was not as variable as in the Chinook undisturbed soil. How-

ever, the standard error due to replications in the 1932 spoils was
greater (4266 cpm) than in the_Chinook undisturbed soil: These two
contradictory circpmsténces indicated that the resolution of the
analysis was not great enough to assess the true differences'ﬁefween
replications on the 1932 spoils. This was probably explained by the
relatively small number of measurements recorded on radioactive plants
in the ‘1932 spoils (62) compared to‘the Chinook undiéturbed spoils -
(114). | |
Average piant radioactivities on the 1932 spoils were'not sig~
nificantly differeﬁt ﬁetween measurement détes, Implying thaf the

32

quantity of ~°P taken by plants did not vary much during the growing

season. This indicated that the plants growing on the 1932 spoils had
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physiological differences compared to the plants growing on the Chinook

undisturbed soil, but that seemed unreasonable since they were both

dominated by grasses. The inability to distinguiSh plant'rgdibactivity
differences between measurément dates was pfobaBl& due to ;he smaii
number of measurements. |

The séme arguments describéd above pertaining to thé sﬁallnesé
of sample size on the 1932 spoils mighf also explain'why plant radio-

activities were not significantly'different between 32? injection depths’

"or it might have been related to soil pH. Soil pH at 15, 46 and 76 cm

in the 1932 spoils changed by only three-tenths of a unit (8.3 to 8.6).

Radioactivity on new spoilé. Figures‘21—23‘represent radio-
activity measurements taken on three replications of 32P injections '
made in the 1970 3poils; This new spoil was chosen to receive 32P'
replications because it was the oldest new spoil (Note: the 1969 spoil”
was actually a,regraded old spoil) and had by far the greatest rooting
distribution of all new spoils according to the information gathered in
1976.

A total of 14 radioagtive plants were monitofed oﬁ the 1970
spoils in 1977. Only 43 radioactivity measurements were recorded over
the 12-week test period. Ninety-five peréent of these measurements
were on plants growing above injections in the upper 46 cm éf-the soil ~

profile. Radiocactivity was not detected in any plants with roots
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below 46 cm until July 20. The total number of plants monitored on
any date followed the same pattern as described for the 1932 spoils.

Most of the radioactivity (97%) recorded on the 1970 spoils was
found in plants with active roots in the upper 15 cm profile and was
most intense on May 13.

All of the radioactivity measurements on the 1970 spoils were
recorded on five grasses, four of which belonged to the Agropyron genus.
Forty-four percent of the measurements were recorded on Agropyron
erigtatum and 42% on Bromug inermis. Both of these species were well
represented on the 1970 spoils in 1976.

Average plant radioactivities of the three 32P replications
were Aot significantly different at the .95 level for replications (P =
.055), measurement dates (P = .436) or injection depths (P = .053;
Table 26). Only the top two injection depths were used for this
analysis because 957 of the radioactivity measurements were taken on

plants with active roots in the top 46 cm profile.

Table 26. ANOV for average plant radioactivity on 1970 new spoil at
Colstrip study area in 1977.

Source DEs 8.5 M.S. F-Value
Reps 2 802,236 401,118 3,18

Date 6 764,522 127,420 1501

Depth il 507,980 507,980 4.03

Error 32 4,037,619 126,176

Total 41 6,112,357 149,082
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Average plant .radioactivities on the 1970 spoils were not signi-
ficantly different between replicates, but the standard error due to
rep;ications was *448 cpm. These were the:same ciréumstances deséfibed
f&r replications in the 1932 spoils,_excépt that the variation due to
replicationé for the 1970 spoils was approximateiy double that.of,the
1932 spoils. As stated before these seemingly contradictory circum- -
stances were probably the result of the small number of samples (44)
which gave poor resolution to the analysis of varianée.

Average plant radioactivities on the 1970 spoils were not sig~
nifiéantly different between measurement dates, suggesting that the
amount of 32P taken up by planfs did not vary’muéh during the growing
season. Again,_the inability to disfinguish plant radioactivity dif-
ferences between measurement dates was probably due to the small sample
size.

Ihe same problem mentioned above regarding poorness of experi-
mental resolution might also explain why plant radioactivities Qere ﬁot
significantly different between injection depths. However, soil pH was
nét different at 15 or 46 cm‘ﬂ8.3) and, therefore, plant radioactivities
should not have been different.

In the foregoing discussion of planf radioactivity variabilify
within sites, it was apparent that experimental error was iﬁversely
proportional to the number of plants takiné up 32P and the number of

measurements taken on those plants (Table 27). Therefore, in order to
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reduée the.standard error of the 1932 and 1970 spoils to the same levéi‘
of the Chinook undisturbed soil, it Qould be necéssary~to increase
their number of measurements on radioactive plants by ;wo.and.three

times, respectively.

Table 27. Rooting variability at Colstrip study area in 1977.

Chinook Soil 1932 Spoil 1970 Spoil .

Radioactive plants - 27 19 . 14
Measurements ﬂ ’ 114 66 43
Standard Error-sites (cpm) 19 : 40 . 63

Standard Error-reps (cpm) 249 266 . 488

Site effect on radioactivity. The second objective of the

32 . : ‘
second year's P research was to examine site effect on plant radio-

activities of plant species common to all sites. Actually, only eight

sites were used in this study: Chinook, Yamac and Busby(s) undisturbed

soils; .1932 old spoil; and 1970, 1972, 1973 and 1975 new spoils.

Unfortunately, there were insufficient data to attain the objéctive.
because not one plant speciles under investigation had taken up 32P from
everyﬁstudy siée profile. The best showing was by Agropyron‘ciistafum
on four sites (all new spoils). Therefore, it was impossible to achieve

the objective of this study so no conclusions could be made on the

"effect of sites in plant radioactivity.

Verification of results. The third objective of the second

year's 32P résearch was to verify the first year's results. Results
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from both years P research were compared by individual sites and in
the case of new spoils, by groups. Actually, only the results of eight
sites and gne group, new spoils, could be comfared between years

because four of the original twelve sites which had 1976 data were

lost ‘to mining activity.

Figure 25-31 represent plant radioactivities measured in situ
on ‘seven sites during the period from April 16 to July 31, 1977. The

key to the plant name abbreviationé appears in Table 22. The infor-

mation that was collected on the three sites which received 32P

replications, Chipook, 1932 and.1970, was included in these comparisoﬁs.
The information presented in the plant radioactivity figures of

1976 and 1977 was consoiidaped into Table 28. The information which

‘readily lent itself to comparisons were: number of radioactive plants;

percentage of measurements. on plants with active roots in upper 76 cm
profiies; ave;agé plant radioactivities; and thé percentage of
measurements and ?adioactivity accoﬁﬁted for by'therddminant plant
spgcies. |

The number of radioactive plants monitored on all eight sites
in 1976 (45) and 1977 (50) was not significantly different.at the .95
level (P = .62; Table 29). The slight increase in the number of radio-
active plants in 1977 was probably assoéiated with the greater duration

of the test period in11977.(14 weeks) compared to 1976 (6 weeks), mean-—

_ing that plant roots had a greater likelihood of interqepting‘SzP.




Table 28. Comparisons of 1976 and 1977 32p data.
Average
% of measure- radio-
No. ments in , activity
plants upper 76 cm (cpm)  Dominant plant (% measurements) (% radioactivity)
Year 76 | 77 T T J61 TV 176 77
Native Soils
Chinook* 41 9 89| 91 |1310| 212 (Stipa comata(89) (95) Stipa comata(54)(66)
Yamac GF 9 1100} 97 653| 153 |Bromus tectorum(55) (51)|Stipa comata(44) (52)
Busby (8) 48 82| 89 329| 221 |Chrysopsis villosa Stipa comata (59) (30)
(27) (60)
0l1d Spoils
1932% 716 71| 98 137| 237 |Melilotus officinalis |Agropyron spicatum
(38) (26) (39 (M)
1948 -- 110 -—| 97 — | 134 - Poa pratenstis(42) (25)
New Spoils
1969 -— |- -1 78 - 44 - Chrysopstis villosa
(37) (36)
1970% Q- F.5 77 | 100 168 | 237 |Medicago sativa(27) (51)|Bromus inermis(42)(13)
1972 6 | 4 (100|100 320| 98 |Medicago sativa(62)(97)|Bromus inermis(42)(63)
1973 2| 7601100 100 194 68 |Agropyron cristatum Bromus inermis(57)(72)
(100) (100)
1975 313 1100:1:160 649 (1702 |Agropyron smithii Agropyron dasytachyum
(40) (11) (56) (78)
Group** 211118 89| 100 271| 488 |Medicago sativa(32)(54)|Bromus inermis(46) (10)

*Average of 1977 data.

METOe e bt s

*% 1969 spoil not included

1 - i.e., 1977 data for Yamac soil indicates that only 3 % of the measurements were
recorded on plants growing above injections below 76 cm in the soil profile.

101
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Table 29. ANOV for comparison of number of radioactive plants.

Source DLFs 5485 M.S. F-Value P-Value
Year 1 12562 1562 .269 <O17
Error 14 8137 5.812

Total 15 82.94

The percentage of measurements taken on plants with active roots
in upper 76 cm profiles in 1976 and 1977 was not significantly differ-
ent at the .95 level (P = .16; Table 30). This indicated that the
vertical rooting distributions in these sites remained unchanged during
the investigation period. It was unfortunate that the 1924 spoils were
not studied in 1977 because they were dominated by a plant species,
Artemisia dracunculus, which had very deep rooting habits. Perhaps they
would have been more sensitive to factors affecting rooting depth than
more shallow rooted plants.

Table 30. ANOV for comparison of percentage of plants with active
roots in upper 76 cm profile.

Source Dk S58s MeSs F-Value P-Value
Year 1 17576 175.6 2.193 .158
Error 14 Y121 80.66

Total 15 1296

Average plant radioactivities on the eight sites under consider-

ations in 1976 and 1977 were not significantly different at the .95
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level (P = .67; Table 31). This indicated that the factors which

affected plant radioactivities, primarily soil pH, had not changed

significantly during the two-year. test period.

Table 31. -‘ANOV for compérison of average plant radioactivity°

Source’ D.F. S.S. M.S. F-Value P-Value

Year 1 43,260 43,260 .192 T .671
Error 14 3,161,000 225,800
Total 15 15 3,204,000

All of the spoils in the new spoils group that were used for

analysis in 1976-wére also studied in 1977. Comparisons of group values

in 1976 and 1977 were not significanﬁly_different at the .95 level for
any of the comparisons listed above--in sequence; P = .62, .42 and L71.
The last two columns in Table 28 list the plant species which
had displayed radioactivity most often.and the percentage of measure-
ments aﬁd radioactivity that it accounted for on its site in 1976 and
1977. It was apparent that only on the Chinook undisturbed soil did
the same plant species, Stipa comata, dominate in both years. The
dominant plant species on the other seven sites were different in ;977'
than they were in 1976. .These changes might have resulted from differ-
ences in test periods during the two years. Only thexwarm part of the
growing season was monitored in 1976 compared to the entire growing

season in 1977. This could explain why Siipa ecomata, a cool season
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grass, more often displafed radioactivity in 1977 than in 1976. The
same could have been true for the cool season grass Bromus inermis’
Which dominated Fhe new spoils group in 1977.

The validity of the 3-2P experiment in l§76 appeared. to be
reinforced by the injormation collected in 1977. There were no signifi-
cant differences between comparisons of the number of radioactive
plants, percentage of measurements taken on plants with active roots in
upper 76 cm profiles,and'average plant-radioactivities; The only dif-
ference that was noted between the two yeérs was that more cool season
plants were monitored in 1977 than in 1976 and that was probably due
to differences of the time of year when the tests were conducted.

Maximum oBservable rooting depths of grasses, forbs and shrubs
using the radioactive tracer techniqpe are presented in Table 32. The

32P.in the soil was

reader is reminded that the deepest placement of
at 214 cm. Usually)grasses, forbs and shrubs had greater rooting depths
in undisturbed soils than in minespoils, old and new. However, the .
number of plant species with rooting depths greater than 76 cm was
greater in old spoils (8) than in undisturbed soils (5) and new spoils
(3). The more common deeper rooting species were : undisturbed soils-—-
Melilotus officinalis, Stipa comata and Tragépogon dubiug; old spoils—-
Artemisia dracunculus, Melilotus officinalis, Ambrosia psilostachya,

Stipa comata and Agfopyron smithii; and new spoils--Agropyron elongatimm

and Agropyron trdchycaulum.
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Table 32. Maximum detectable rooting depths at Colstrip in 1976 and
1977 4%,
Rooting Depth (cm)
Specie Native Soil 0ld Spoil New Spoil
Grass Agropyron cristatum 76
Agropyron dasystachyum 46
Agropyron elongatum 183
Agropyron smithii 46 107 15
Agropyron spicatum 76
Agropyron trachycaulum 107
Agropyron tricophorum 46
Artistida longiseta 46
Avena fatua 46
Bouteloua gracilis 76
Bromus inermis 76
Bromus tectorum y 76
Calamovilfa longifolia 46
Koeleria cristatum 76 76
Poa pratensis 46
Poq sandbergit 46
Stipa comata 183 137
Forb Agroseris glauca 107
Ambrosia psilostachya 76 137
Astragalus cicer & 15
Calochortus nuttallit 15
Gaura coceinea 137
Grindelia squafgosa 15
Lactuca pulchella 107
Lactuca serriola 46
Leucocrinum montanum 46
Melilotus offiecinalis 137 137 15
Medicago sativa 76
Petalostemon purpureum 76 15
Psoralea_egculenta 76 76
Salsola kali _ . 46
Tragopogon dubius 137 46
Shrub Antennia gpecies 15
(Half) Artemisia cana 15
Artemisia drqeunculus 137 137
Artemisia {%égzda_ 46 15
Artemista ludoviciana 76
Chrysopsis villosa 46 46
Chrysothammus nauseosus 8.
Chrysothamnus viscidiflorus 107
Gutierrezia sarothrae 46
Rosa species 15




106

The last portion of this section deals with the accuracy of the‘
field counting unit. Fifty plants were randomly selected on fhe Chinook
undisturbed soil on July 31, 1977, and counted using LSC techniques. |
Field counts, which were about six times greater than counts obtained
in the laboratory due to dilution and decay, had a high positive corre—
latipﬁ (r = .94) with laboratory counts. This correlation was sig-
nificant at the .95 level (P = .001), indicating that the accuracy of
the field unit was adequate (Table 335.' Only 8 plant counts were ﬁséd‘
in the anélysis because there were only 8 plants out of the 50 selected

which had radioactivities above the background count.

Table 33. ANOV of the field count regression on laboratory count.

Source D.F. s.s. M.S. F-Value P-Value
Method 1 1904 - 1904 48.12 . .001
Error 6 237.3 39.56 .
Total 7 ‘ 2141

32 o
Note On P Experiment

] ) .
32P experiment was the influence

The major problem regarding the
of soil factors on phosphorus availability. 1In the pH range of the
soils in the Colstrip study area, 7.5 to 8.5, the availability of phosp-

horus decreases as the soil pH increases, possibly due to the presence

of free calcium carbonate. This problem could possibly be overcome by

.using another radioactive tracer which was not as readily fixed by the




107
22 24

. soil; Na, Na and 86RB. Furthermore, the longer half-life of one

of these isotopes ( Na) might allow a two-year 1nvest1gat10n w1thout
requiring additional injections the second year (half- life of 22Na

is 2.6 years). Other probleﬁs might arise depending on the character-
istics, of the substitute isotﬁpe. For instance, radioactive sodium
would probably behave like 23Na in the soil and would, therefore be
relatively mobile in relation to phosphorus. This might possibly be

a problem because the design of the experiment requires that the
ra&ioisotope remain at the point of injection.

The experimental design might be strengthened By increasing the
number of injection replicates and radloact1v1ty measurements. Data
collected during this 1nvest1gat10n suggested that the number of repli-
cates in mlnespo;ls be 2-3 times the number in undls;u;bed soils because
of differences in root biomass ( there were 43 percent leés root bioﬁass

in new spoils than in undisturbed soils).

The length of time required fo describe maximum vertical roofing
distributions using thg radioactive tracer technique might possibly ben
shortened to a few weeks if injections were made in the soil just bgfore
the mid-point of the growing season and monitoring-bégan soon afterwards.
Data collected during-this investigation suggesfed.that the mid—poin£ of
the growing season was different for cool and warm seasoﬁ plants. There-
fore, the plants under -investigation would.have to be considered with
this in mind before injections of the radioisotope were made in the

soil,
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CHAPTER 5.
POTENTIAL APPLICATIONS OF 'RESULTS
Results of this thesis have.potential applicatipn'to reclamation
of strip mined lands in southeastern Montana.- The méjor conclusions
tha£ demand consideration pertain to revegetation efforts and manégement‘
of spoil méterial.

Root biomass in the upper 100 cm of the soil profiles of new

minespoils was 43 percent less than in undisturbed soils and 40 percent
less than in old minespoils., These fiﬁdings were supporteq by data
presented in the standard soil profile descriptions. Theréfore,»it
appears that preéent day revegetation efforts have'not,.as yet;succeeded
in returning strip mined land to its premining coﬁdition in.this respect.

Vertical rooting distrubitions were confined mostly to the

upper 100 cm of the soil profiles in undisturbed soils and minespoils:

ninety-seven percent of root biomass sampled at 10, 50 and 100 cm in

the soil profiles of undisturbed soils and newiminespoils were located
in the upper 50 cm of the soil profiles; and less than 10 perceﬁf of.thé
180 fadioactive plants monitored during this invéstigation had taken up
P from below 107 cm in the soil profiles. Furthermore, maximum detec-
table rooting depth of 41 plant species taking up 32P in i976 and 1977
was 183 cm. These facts suggest that the minimum depth (244 ém) requi-
red ﬁy Montana's reclémation guidelines for burying toiic overburden

materials below the soil surface is adequate, if not excessive.
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Infiltration velocities were not'limiting in any undisturbed
soils ér minespoils in fhis'investigation; This indicates that;presént
day management of épéil ﬁaterial at the Colstrib study areé seems.
appfopiateiin this respect, at least on mineépoils that have less‘than'

a 3 percent slope.




CHAPTER 6
SUMMARY AND CONCLUSTIONS

A study was initiated in June, 1976, at Colstrip, Montana, to
determine the soil water and rooting characteristics of 1 to 53 year-
old stripmine spoils and undisturbed soils of the area. The minespoils

were divided into two groups for comparison, old (28 to 53 years old)

and new (1 to 7 years old).

Infiltration velocities were moderately rapid (5.93 to 14.87 cm
hr—l) in all minespoils and undisturbed éoils, except the'l972 mine-
spoil which had a rapid infiltration velbcity (15.30 cm»hr—l),' Infil-
tration velocities were not significantly different between old and new
minespoils and undisturbed soils which_wés partially éxﬁléined by the‘
similarities of their surface horizons' textural composiﬁions.

Three general trends were shared by most minespoils and undis-.
turbed soils regarding soil wa&er contents: 1) soil water contents df
surface horizons were generally only limiting in Augﬁsf and‘Septemger,
19765 2) although soil surface hérizons were partially ;echarged in
October, 1976, total soil profile water contents. reached their minimum
1gvels during t%is month; and 3) the upper 30 cm of the soil profiles'were
partially recharged under frozen soil'éoﬁditions in February, 1977,
possibly by unséturated water flow from unfrozen substfata.

Deep percolation occurred only during heavy recharge periods in

the summer and fall of 1976 and the spring of 1977. It ﬁAS'greatest in
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those.soil profiles having the leas£Aamount of roots at:the 1ower'ééil
profile depths. The degree of deep percolation was in the.drdef; new
minespoils > undisturbed soils > o0ld minespoils. The amount of
roots at the lower soil profile depths was in the order: oid minespoils
> undisturbed soils > ﬁew minespoils.

Water use in new minespoils and undisturbed soils had. high o
pqsitive.correlations Qith root biomags : at‘50 and 100 cm Soil_profile
depths. Water use in old minespoils had no correlation with root bio-

masses at these depths, which indicated that vegetation in o0ld mine-

. spoils obtained a substantial amount of their soil moisture from lower

"soil profile depths (>76 cm).

Rooting activity waé monitored’ in minespoils'and undisturbed
soils during the 1976 and 1977‘growing seasons.using radioactive tracer
techniques. The number of plants that had taken up radioactive éhos—.
phorus (32P) frém minespoils and undisturbed soils was nearly identiéal.~
However, the percentage of radioactiye plants with detectéble roots below
76 cm in the soil profiles was approximately 30 pergegt greater in ald
minespoils than in new miﬁespoils and undisturbed soils. This was
explained by the facfithat deeper roopingtvegetation (shrubs) dominate@
old minespoils, while more shallow rooted Qegetatioﬁ (graSSeé ;nd‘forbs).
dominated new minespoils and undisturbed soils.

Méximum.detectable rooting depths of grasses, forbs and shrubs

were generally greater in undisturbed soils than in minespoils, old and




112

new. However, a greatef number of plant species had taken up 32P from
beléw-soil depths‘of 76 cm.in old spoils (8) than in undisturﬁed soils
(5) an& new spoils (3). The more common plant species with deep roots.
were: graés¥73tipa comata, Agropyron érachycaulum andAéropyronsmithii;
forb--Me lilotus officinalis, Tragopogon dubius and Ambrosia psilostachya;
and shrub--Artemisia dracunculus and Chrysothamnué ‘vis’cidi oniﬂus;

: Piaﬁt radioactivities were shown to be in part aepgndgat on
soil ﬁﬁ and 32? availability. The amount of 32P uptake b? plant tops
per'unit of wéter use was proportional to the sizé of the'ﬂlaﬁiie
phosphate pool' in the soil solution. However, 32P'uptal.ce,did not
parallel water use. |

Data from the three different methods used'in this investiga-~
tion to determine vertical rooting distributions (visual desc?iption -
SCS; root biomass}i and radioactive tracer) indicated that plént root;

“were more abundant in old minespoils below soil dep@hs of appro%imatély
75.cm than in new minespoils and undisturbed soils. Iﬁ addition, data
from visﬁal'deséription and root biomass methodsnshowed'ﬁhgt plant roots
were less abundant in new minespoils below sbil.depthS~pf 10 cm thgp in

old minespoiis and undistqrbed soils..
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APPENDIX A. Anti-coincidence Unit




ANTI-COINCIDENCE GEIGER-MUELLER
,, DETECTOR

(ALL METAL PARTS ARE STAINLESS STEEL)
SCALE:

e

0 20mm

BNC connector

*#20 Bare copper
wire

Vi

Protective wire mesh
4.8 mm squares

Rubber gasket
86 mm diam.

Base collar II5mm

7GR Adjustable base legs
2 6.4 mm diom.

GEIGER-MUELLER N

92.5 mm diam. cap

( Threaded) 42.5 mm diam.

Plastic handle
7

Geiger tube No.2
_ 376 mm diom.

Geigér tube
= mount 12.7mmD.
e [S=m] X

;o ISmm
= 2

] ]

SIDE > €5mm

o Gei
BOTTOM//ji;Kiﬁgkﬁaﬁ‘
~ B E
el

TUBES

L
o [0 o] 65mm

o 7 / .
Geiger tube No.1 / . »; S,

Geiger tube No.2 v

12.7 mmdiam.

Figure 32. Anti- coincidence detector.
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ANTI - COINCIDENCE CIRCUIT

“V.01,1KV
1K 74121 Q
74132 >
n Monostable
Guard — 1 meg Multivibrator b
Detector
% 1 Millisecond
s 4 Sc!\mm (Disable Pulse)
Trigger e
Interface 2400 b B
o
“Y.01,1KV

1K 74121 74121
| —>— o>
‘74 o |Monostable - Monostable

Sample . 1 meg n Multivibrator |I Multivibrator I l
<>

Detector b +5 '
HV 2 300 usec 10 usec
Delay Count

Diodes IN749A Pulse Pulse
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STATISTICAL MODEL

. A one~way aﬁalysis of variance was used for ail_statistical
analysis presented in this thesis. Anglysis was performed using a'
computer'program‘authored_by Dr. Lund of the Statistics‘Departmeﬁt.
The model that fofms the basis of this prdgram is

Y,.=U0U+qa, + E,,
ij i ij

™
]
it

( 2 3 . 2 -
0; EijIND(O,Ge), i=1l,...,a; j=1,...,n.

where Yij = §ingle observation, U = population mean, oy =‘£reatment
effect, Eij = experimental error, and 02 = variance. The model implies
three assumptions:

1) popﬁlétions.are normally distributed

2) population variances are equal

3) observations are independent.‘

Replications are not independent of one another, but sample.means are.
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'32P Equation

Plant radioactivity is propdrtiohal to the amount of 32P in

the above ground portion of the plant

(I) Thus, FC =K, (PQ)

where TFC = Field count

1

5

PQ

Proportionality constant (geometry factor)

Radioactive quanity in plant fops

Decay of all radioactive substances is expressed by the equation

(2) CoN=N M
where N = Number of atoms remaining at time t
NO = Ofiginal number of atoms present
e_)tt = Decay conséant' )
A = 0.693/ half-life (]4.3 days for ?ZP)

Thus, radioactive §uanity of 32P taken up by the.plant tops from

r

injected 3"ZP in the soil is the sum of 32P accumulated (PA) corrected ’

for decay
t=2
(3) PQ'= § (PA) e 'F
t=}
where PA = K, .(SQ)
" Avail. P Avail. 2P
= ¢ o Svail. o = Availl. &
and Ky = Kp1 Kop K3 » Ky = poeal 7 7 %22 7 Avail. P
K., = P uptake by roots and transport to tops factor

23
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and SQ = Avail. 325 4n soil

Integrating from tl to t2

t=2

(%) PQ = [ (PA) e Mt 4t
t=1
-t -At
2 1
(5) . PQ = PA (e — - e )

Substituting (1) into (5) and rearranging

_FC (-2) : ~
(6) K, (PA) = ST A
(e - e )
32

-where A = Kl(PA) and is defined as actual plant uptake of P

This equation can be extended to evaluate 32P by a plant top

between measurement dates by substracting the residual.radioactivity

" of previous 32P uptake from field count. A modifieﬂ field count

'(FCt“') can be defined as

c
-At
(7) FC_ ' =FC_ - FC_ e ¢
c 2 1
where t. =t~y
FCt ' is the corrected field count at time t2‘suitable for

c . ,
substitution into (7). 1In this case, in (7) t2 would be the time

elapsed from injection to measurement date 2 and t, would be the elap-

1

ed time from injectioﬁ,to measurement date 1.
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Table 34. Site description of Chinook undisturbed soil (Site No. 1).

SLIL Stwlb e CnInCon

SLEVEY SAMELL Kl sTev 11

LPCATINS: W I/8, NW ifAg ML L2&, SELT (W R&LFe Jo MYLES mw OF COLSRI .
CLASSIFIC81 INE e PEPLGAUKLLLSE (Napsim(O DAL

SITE MOgs Te ) UTHR FLEVATIONE USRE #LTERS WOMTH SAPPLELT AUGUST
steees L CAASH T wODERATELY SLIOPING  KTADS coneave ASPFCY:  AORTM

ALR TEWREDATIRE ANNURLE &F DEGREES ) SURBERT 4 NEGRELS F VINTIRD 24 DEGREES F
SCIL TEwpLPATURE ANNIAL S ALREFS F SuFmEu: 0EOREES B MINTER: NEGREES F
WETEO TRRLL: VIR M c PUNTE:  PUTNST KIWNT  AC WATER TAELF
PRECIPITATY oo CONTBUL SECTION LINETS = UPPERT 028 (r LOWFRE 10C CW
PIRMEARILITY “«OUERATELY BAPID CAETAAGE CLATST Well DRAINED

PEYSIOGRAPEY D CASINSy FXICRTOR PRAINAGE STONINESST CLASS O
RICKORELLEFE N OLOET ARD DEPRESSICA

VEGHTATIEN: GEATSEE AML FoRAT

PARENT 2ATr-1nLE LitnTLy WEATREREL  RESTNUAL SATLEIAL, LOCAL CLLLUVIUR OB SOLTFLLCTATF

CALOAKENUS SANPSTONF

HCRTZON PUCFILY DICFRIPTION
" i e WECwy, € L - CIR LTS )
PKiwh CIRYR S/73) LWUSKED 1 FIRE SANLY LURN § DARK PROMN  CLUYK  3/3) CRUSKHED
wprer 5 OWEAK VEEY FINE PLATY  STMUCTLME 3 MaRO oo FRIABLE o
ONSTILEY o ANCNPLASTIC 3 PANY Y QCETS  THROUGHOUT WCRIZON
wany BLE IRVFGULAR  PORES o mANY FINS IRREGULAR  PORFS i
MOINCALCARELRYS (veL) CTSCONTIRUCHS T ROLFRATELY ALKALTNE PH- F.0
CuELMINYROL PLUE) §oCLERt  wawy enuROIEY
CIR I = 5y C% & = 2, 1%,)
19nun CLAYE S/%) CRUSKED 3 FINE CANDY LLAP  j [ARE BROMN  (10YP /) CRUSHEL
CLIRA | i Wi VERY (FaSe PRISHATIC  STHUCTURS PARTING TD
WiAK TO RODERATY PEOTUR  SUPARTLLAK PLOCKY 3 SLIGKTLY WARD o FRIARLE
NN ICwY s MONPLASTIC i sany FIRE RUDTS  TMROUGHOUT WORIZON &
iy [RLY TUPOLAE CONTINLOUS  #rEEsS I ONONCALCAREOUS  (WLL)
NISCINTTAUGUS IO PLUTRATELY ALWALTRL FHe Hed (BHKCHINYROL BLUE) PoCLEaR
wavy nnuNCakY
. e SO = 190 L. € 20 = 19 IN,)
MALT PROMN  CLOTE  AZ7) CWUSKIT 5 FINE SARDY LOAN ¢ CARE AROWN (ILYR  3/3)
LRUSHID wELST i wrax PICIU®  SULNANGULA® SLOCKY  STRUCTURE 3 wAmD »
terALE 4 MUNSTICHY s SUIGHTLY PLASTIC 1 COwsOn  FINE R0OTS
IHKEUCHOUT HORTZAN ¢ FINE TURULAR CONTINLCUS Few
wIXEN SEDINENTAPY  F (TS AN P L W PP SAACSTONF 3 32 (» 3
MOUFUATELY CRFFMVESCERT (WCL)  CORTIAURUS o STRCACLY BLEALINE  Phe b.P
(FRUSTHYRUL 0LUF) §OGRRPUSL WAy FOUNDAPY
e 103 = 209 8y L 3% = 79 1he)
APY CEAYISH PROWN  (1CYP  &72) CRLSHED  § Lusw i YeEY D “agun CLOYR  2/2)
CRUSHIG ®OIST i MPUWN  (1MYR 4/7) CRUSKHEL § DAKK RRCWN  (ICYR  3/3) CRUSKED
siter i ¢ PERCINY SNEY LICHMT LOAP  ROQWN  C1OYR  471) (RUSKEN
POCYL TS G0 CONTRASETAG “ATEOTALLY - (M OYHRICR ) 1 WASSIVE 3 kARD .
FRTAALE , SUIGHILY STICKY o SLIGRTIY PLASTIC i FEW FINE RCUTS
TMEGGONUUT HWORTZCN 5 PAAY FIne TURULAE CONTIALCUS PORES
fFew 1T CORPON SUFT VIRY COARSE INTHCT CASTS i MOOFRATELY FFFIOVESCENT
CHEL)  CONTINUOUS 1 STRONGLY ALRZLINE  Pue 9,0 (RRCRTHYROL 8LUF) t
NOT UEACHEL ROUNDARY
REP RGN LY AUG 17y €76 SUIL TH PP w2a,( C AT S (W, PROFILE IS CIST BELOW NNE SFIFR, >/

4 PUURDED SANDSTONS FRAGHENTS INCRFASE Tw WUPRER TO THF BASE OF THE PIC2. THFY
AKE ARSENT KN ThE 11 Al TNSECT CBSTS In TWE L1 AQ APPEAR T0 Ak ANT CHARAER FI
LLINGS,  ThE PENFILE 15 SLIGKTLY CALLAPSOUS AT 25 (R, WHICKH WAY INOTCATE RECENT
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Table 35. Site description of Yamac undisturbed soil (Site No. 2),

-0er-2

SENL stents Te

SLEVEY CapPi) MLl 2
LICRTY ™y W 1Z6, NW 124, SE 174, SECT 23, T2, RALF, 2 WILES NE OF COLSTRIP, %7,
CLASSIELrAYIUNY

ST ALt B LOUNTYT SEE REMARES ELEVATICNE L1073 METERS MONTH SAPPLEOS AUGUST

sirers 4 Leasse STRQNGLY SLOPING LA Lt} ConvEx ASPECTT SOUTHWEST

ALG TP wFl TRy ANNUALT 4o DEGREES F SUPRERT 68 DEGREFS F WINTERD 24 DEGREES

SCIL prwprantues ANNUALE NEGREES F S Ene DEGREES * WINTER: DEGRFES F

WAV TakLE: e w. RONTHY  AUCUSY LaL1]) NG WATER TABLS

PERCIPTIATIC A ‘et (P, CONTROL SFCYLION LIMITS - UPPERI 025 CR  LOWERT 106 Cw

PiambAS LYY *ODIAATE ORATRAGE CLASST WELL DRAINED

PEYSILLRAPHY SHLLENG OR HILLY UPLANDS STOMINESST CLASS ©

PICUPk LTINS wonLeer

WECETATIONT LRASSES AND ENRRS

PROTNY wAT U TALE MBLTAIS WEATHERED RESTIOUAL MATERIAL, LOCAL COLLUVIUR OR SOLIFLUCTATE
INTErEDDLD SANDSTONE AND SwALE

HUB 2N PRGFILE CESCRIPTION

R y- BCw. € G- 0 1IN
ORLY (AAYISH BROMN  C10YR  4/Z) CRUSHED 1 LOAW 3 VERY DARK EROMN CIOVR 2/2)
CRUSHIU %OTST § o wia VERY FINE  GRANULAR STRUCTURE 1 SCFY .
VrUY FRIANLF PR} (4] s SLIGMYLY PLASTIC I RANY FINF ROOYS
THROUGHOUT HORIZON | WAWY FINE TUSULAR CONTINUOUS PORFS '
NONCALCAREOUS  (WCL)  CONTTINUOUS  t MODERATELY ALFALINE PH- 8.2
(P CUMTHYROL BLUE) 1 OMRETTEARY  BCUNDARY

T v b= 2 i6He K Gie 3 TNa)
rAOWN C10YR  4/3) CRUSHFD ¢ LOAW i DARK BROWK C10YR /%) CRUSHED MOIST '
wEAR YERY FINE GRANULAR STRUCTURE t SofY s VERY FRIMELF .
NONSTYCRY v SLIGHILY PLASTIC NY FINE ROOTS THROUGHOUT HORIZON 1)
“any FINE TUBULPR CONTINUOUS PORES I WOMCALCAREOUS  (MCL)  CONTIWUOUS &
WOUFRATTLY ALKALINE bh= 8,2 (RRORTRYNCL BLUF) 3 ARBITRARY  BOUNDSRY .

A 13 Tk Jhnnt NI { TS SN W e T (1 |
wElWN  CIUYR  4/3) CRUSKHFC § LCew K AROWN (10VR  3/3) CRUSHED mOIST
mODERATE FINE CRANULAR STRUCTUPE i SLIGHTLY WARD v VERY FRIARLE
NONSTICRY e SLIGKILY PLASTIC ToPaNY FINE ROOYS  THROUGHOUT HORIZOW
ANY FINE TUSUL IR CORTINUGUS PORES i WONCALCAREOUS  (WCL)  CONTINUOUS
*ONFRATFLY ALKALINE Bel (HROMIKYNOL RLUE) I OARSTTRARY  mOUNDARY .

A s b = o100 CHy G k= 4 In)
“anen  CIUYE S/3) CRUSKEC G LLew i DARK PROWK (10YR  3/7) CRUSHED ROIST
“ONERATE (ALY GRANUL AR STRUCTUS 1 SUIGHTLY WARD s VERY FRIABLE
ANKRSTICRY s SLAGRTLY PLASTIC ] FINE THROUGHOUT HORTZON
“ANY st TUBULAR CUNTINUOLS PORES 1 N (WCL)  CONTINUOUS
#UUTZATELY ALKALINE Ph= R.2 (MEOPTFYPCL HLUE) i BOUNDARY .

L ¥ B0 = 2XiGes SC S-S 9 IN)
YELLIWMIGH BAUMN C1CYK  S/74) CRUSKFL 3 LOAW 3 OARK BROMN (1O0YR 3/3) C
PIEES] i WOOERATE NECTUN  GRANULAP STRUCT 1 SULIGHTLY waARD .
rerANg s SLIGHTLY STICKY , SLIGHTLY PLASTIC 1 PANY FINE ROOVS
THEOUEFOUT HORTZON 1 MANY FINE TUBULAR CONTINUOUS PORES i
NONCALCARFOUS  (HCL)  CONTTNUOUS ¢ TELY ALKALINE P B.2
cnuney oL ALur) T CLtaR sWrnik

LA | 2 - saCus ( 9 - 15 1N%)
ELE LY C10VR  473) CRUSHEC § SARDY CLAY LOAP 5 v OX GRAYISW 8ROsA  (10YR 3/2)
RUSHEN ROTST 1 wEax AFOTUP  PRISHATIC OrY STRUCTURE PARTING 10
MUDFRATE wEOTUM  SUBANGUL FLOCKY 3 VERY WARD o Flnm ’
SLEGMTEY STICKRY  ,  SLIGHTLY PLASTIC i CORRON TN RANY FINE ROOTS
PETWEEN PILS P ORANY Fint TUBULAR CONTINUOUS PORES 1 MCNCALCAREOUS
CHOL)  CuntINuNUS § MOCERATSLY ALWALINE PH=- 8.2 & CLEAR  WAVY AOUNDBRY

AR 0 W - 50 Cv, (15 - 20 -

YELLOWISH RaOuN (10Y®  S74) CRUSHAC & SARDY CLAY LOAR | BROWN C1oYR  4/v)
(2UsSHiD WELsT T whar SEQTUN  PRISWATIC STRUCTURE PARTING TC PRODERATE
wDTU®  SURANGULAR BLOCEY i WERY BARD + FInm o SLIGHTLY STTICRY
SLLORTLY B e + Co N 1O PANY  FINE s BETMEEN PEDS 1 WANY

NG TUSMLA® CORTINUOUS  PRARES i aY snfr VERY C SE INSECT CASTS L
NONCALCARECUS  CHCLY  CORTINUOUS 1 POCERATELY ALKALINE PH- 8.2

CHMNRTHYROL BLUE)Y ioCLean SACOTE BPUNDARY

e £ S0 = A0 Che L 26 = 24 IN,)
PALE fkOwk  C10YR  673) CRUSHED §  LCaw T BROWN  C10YR  4/3) CRUSHFD POIST 1)
VEKY WEAK  COARSE PPISWATTC  STAUCTURE  PARTING TO WEAR WEQTLY
SURANGULAK BLOLKY §OVERY haRe o FINN s SLIGAILY STICRY
SUIGHTILY PLASTIC BLLLILIRL] v OFINE ROOTS  BETWEEN PEDS (L]
ALl TURULAR CONTINUOUS PORES i ANy sory VERY COARSE INSFCY CASTS '
MODEATELY FFFERVESCERT (NCL)  CURTINUOUS 5 MODFRATELY ALKALINE Ph- 0.2
AAKORTHYNOL BLUF ) i CLEAR  SRONTH  BNUNDARY

» WL AO - TS CW, (26 = 40 TN,)

VERY PALE BROWN (L1OYK  7/3) CRUSKEC 1 VIAY FINE SONEY LOAW 1 eROwM
LausH D PeIsy 3w SLOTUM  SURANGULAR PLOCEY  STRUCTURE (o
ERTANLE o SLIGHTILY STICKY , SLIGHTLY PLASTIC i FEw FINE sooTS
FYNEEN PELS I FInf TUBULAR CONTINLOUS PORES 1 Pany
PROREHENT CALCIUF CARMCWATE CUTANS IN ROCY CHARNELS AND/OR PORES
CUMBON 10 mANY  SOFY TREEAN-LIRE ®PTS(S OF LINE SOfF 1 VERY COMRSE
INSECY CASTS 3 YIOUENTLY FFFERVISCEAT  (MCL)  DISCONTINUOUS L]

TTRONCLY ALKALINE  Pr= 6,6 (RRORTMYNCL PLUE) 3L SHOOTH  RCUwCARY

«ovr ss3)
.

8 1A 15 = 10u Cae € 30 - 39 IN,)
VERY PALL BUOWN C1OYF  T/3) CRUSMEC § VERY FINE SARCY LOAR 3 eROwWN  (10YR 5/3)
CAUSHED WOTST BORASSIVE 1 W o R o SULIGWTLY STICKY
WLOATLY PLASTIC LA wooTS TWEEN PEDS ny FInE
TURULAR CONTINUOUS  PORES ' v PENPIAENT  CALCTUR CARBOMATE CUTANS
Th SUCT CHAMKELS ARC/Ok PORES § COPRON TO FANY  SOFY THREAD-L IRE
CASSES CF LIAE . mANY SOFT WEBY CNARSE INSECT CASTS i
VENLERTIY EFFERVFSCENT  (HCL)  COMTINUOUS & STRONGLY ALKALINE  Ph- 6.8
CHROMTHYNOL KLUE) I OGRANUAL SRCETH  ROUNDARY

@ Aua o LAY T €39 = A7 DKL)
UALE FUDWN  (LOYR  6/3) CRUSHFD 8 VERY FINE SANDY LOAR 1 BROWA  (10vR 5/)
CaUSHED WOLST I OPASSIVE ) SLIGHTLY WERD o VERY FRIABLE "
LTOMTLY STIERY 5 SLIGHTLY PLASTIC T FEW FINE LULARY BETNEEN PEDS i
nANY ALY TURUL AR CNATTNUNUS  PCRES 8 RILELY EFFERVESCENT (WCL)
COMTIMIDUS 5 STRONCLY ALVALINE  PH= A% (BRONTHYACL ALUE) 3 NOT REACHED
OUNNARY

BT SUae Tde 1976 SOTL TEMF =c5.0 € AY 50 LR, PH OF LOMEST MORLZON WAS E.8 WITH T
THOL PLUE AND 7.8 WTTF DIFTTAL Pr PEVER,
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SeIL SERTEC Y
SURYEY SawoLi wp
LOCAYTON:

CLASSIFICATITNY

SITE Niat T &
sLopi: ‘
BIP YEMPTLATURE
SCIL TErPIRATURE
ATER TaELty
PRECIPINATL N2

.
LAIT LTS I T
VEGFTATION
PARENT saTCuTALY

LULE PRLY
LB
v
L L
' i
Woen
02
8 2
L 3
« i
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Site description of Kobar undisturbed soil (Site No. 4).

FIRRInGY
STANT 115
NV 174, NF 174, ST 178, SELY 2 Vihg RALP, 7 W1 St OF COLSTRIP, WY,
Aurone MRGTRURCLLS S FURE o PORTRCHILLLNTYIC
oY e FLEVATIONT 00e mETERY MONTH SANPLIDT AUGUST
CLASS®  MOARLY (EWFL IAn: Convix ASPFCTE  NORTMEAST
ANNUALE 4F NECREES o SUPRER: m DEGRPLS ¢ MINTERD (4 DEGREES F
ANNIAL T Oeleirs « Supmge: DFEREES 1 WINTERY DEGREES F
nratH: cr. BOMTET  AUCUST KINDE  NC WATER TAPLF
4 Ce, COUnTenL SECTION LIWETS \ FRY 010 (™ LOWERE OSC Cw
OOEATELY SLOW CRETAAGE CLASST WELL DRATNED
EXVEMTOR DUSINAG STONINESST CLASS ©
AN DEPRESSION
AND FORMS AND SHeuss
MEATHERE] PESINUAL ST+ RIAL, LOCAL COLLUYTUR OR SOLTELUCTATE
CALCAFEIUS SHALF . WART2ONTAL
PRCETLY DFSERIPYION
- O TSR . Ing)
PALL YenMN  C1UYR 6/3) CPLEKRIL 3 LLaw LT CI10YR  473) (PUSHID ®OIST i
WEAX 10 MNGEKATE P InE PLATY  CTRUCTUME i SLIGKTLY HARD
vERY FeranLs o SLIGHILY STICEY ,  SLIGYILY PLASTIC I wANY FINE
AN0TS  AWKOUGHONTY MCRIZON 1 Baky FINE VESICULAR  PORFS 1
NONCALCAREZ IS (W10 CONTINUDLY RADERATELY ALNALINE PH= §.2
CPRORTHYS(L 10 P T R T TETY spaRy o,
1 260 & ¢ = (BN LTS
PALE PLAWN  CIOVP  #73) CRUSHLD 5 LTUY tABP i PECWA  (10YR  4/3) CRUSHED
=gty i WK T ROCTEAYY O PLATY  STRUCTURS i wasn v FEIAMLFE
SLIGHTLY STICRY , SLIGHMILY BLASTIC i meny [BLT; ennre
INFLQCUY VURIZON . ARy Fane VOLTCULAY  PPRES 3 ONONCRLLCRRTCUS
(PE1) LunTEnupue TORTEEEANILY ALSALIAC PH= Al (FECRTHYROL FLUF) :
AESLERENY  ROuNDaRY
» ~ Ciy i€ - 4 1hy)
PALE S20WA  CQUYE  £/0) CRUSHED 3 STLTY CLAY LUAP 3 PROWN  (10YH  473) CRUSKEC
LRIEY ] TR U TS 1) Y FLATY  STRUCTURE i waen FRIAFLE
SEALEY  , PLASTEC 3 wAAY PINE VONTS  IMRUUGHOUT MNRIZON | COWRON
e TUSULAY BOWS S §ONONCRLCA-TOUS  (WCL)  CONTINUOUS ¢
RONTAATELY ALWALING Pr= ®oc (UBORTRYS(L PLUL) 3OARRITARRY  POUNLAKY
LR A Det S SHR 30 S et 3 )
TALE PEOMA (1LYR Az Y) (61 I & STLIY (LAY L7A® 5 AR0WN  (ILYA  47)) CRUSKEC
COITRYS 1 whAK LT pLaTy LT i VERY WARD o FI .
SITERY  , PLASTIL 3 moNY FInE ML IRECUCHOLYT WORTZCK  §  LOPSON
Thi TLPUL AR CONTIRUOUS  Preis NONCALCARE LS (heL) CORTINUOUS i
SOUEVETELY ALNALINE Phe b (PUORTRYSCL SLUT) 1OARRLPT  wavy RCUNDARY
oL E 9 SRR R O o)
CLOYK  S73) LRUSHEE 3 STLTY CLAY IOMPOMN  CLOTR  4/3) (RUSKEL MNEST i
L ALl POISMATICL  STRNCTHE] PROTING TI' STPON% FINF € mFQTUR
URANLULER ALOCKY 3 owaRp 1o o STICKY  ,  VERY PLASTIC i
"Ny PIn RECTS  THRONGEOUT WOBTZOM  § WANY FINE TUBULAR CONTINUNLS
pneey 3 AL PERCANT FAINT (LPY SKINS N PEP TACES § NONCRLCAKECUS
R[4 W] CUNTIPUNLS POPUNERAYELY ELFALINY PH= Mg (WEPRTHYSNL ALUE) i CLEaP
AUNTH  ANUNDAMY
9= LS T 1 - 17 IN)
TRIMN CLUYR S/%) LRUSKHIL ¢ LTLTY CLAY  § RRCWA  (LOYR  4/3) CRUSHED wUIST ]
“nntasis rIne b LITER I CALTING 1O STRUNG  FINE & WEDTUN
SURANGUL AR BLnCey v FlRE s STIERY o VERY PLASTIC 1
CONROs LN RUDTS  ERYMEFN PELS i owANy FONE TURULAE CONTIALOUS
PORES i LommaN b aINg CLAY SKINS (N PP FACKHS I NONCALCARTOUS (Hew)
CONTULRUSUS  § RODEUATELY ALWALINE PR 8,7 4 CLIAS  wAVY BOUNCARY
IWis ' SHCRes 4 T8 = 4l V)
Cle TRLLUMISH BROWA CLUYY  e/74) CPLSHET § SILTY CLaY (Oar 3 YFLLOMISK PROWN
CAUYL S/76) CRUSKELD »LIST §owiex ViOY CORKSE 1SPATIC  STRUCTUPE
URRTING TO WOOFRATE SFLIUR  SUPANGULAEP rLOCKY 1 HARD v B .
STTICRY  , PLASYIC & COPWGN 1 IMF NOUTS  FLTMEEN PEDS TORANY FINE
TURIL A LONTINUNUS Ve 1CnRENN  FAINT  CIAY SKIRS
IN POCT CHRANNELS ANDACE PEEIS 3OWCLERATELY ERPEMVESCENT (MCL)  CONTINLOUS

STUORCLY ALKALL

9% CMy € et - 39

CEPY PALE RROWN €107F
CRUSHET
CNA4sH

poLsr
SUBARGULA
ROOTS
i FEw FAINY
PODFRATELY FREFAVESCENT
CRPOMTHYNOL WLUF) ]

199 = 187 Cn, (3%
PALE YELLOW (2,57
CRUSHEL mpIST '
SLYCHILY STTCRY
CUMMON TO ANY  FIME
(wey CONTINUNUS i
NOT REACKID COUNDARY

o

1974 SOL Trwe

WERTZON.

G L,
T

PH- N,

BETWEEN PECS
cLay
WLy L
GRANUAL &

LAY

CREOmTRYROL FLUL) i GRADUAL SHONTH  SOUNDARY

IN.)
7)) LPuSHEE 3

CTLTY CLAY LusP 5 YELLOWISK PROWM C10VR

VIMY CUastr polgymaTIC STRPUCTURE PARTING 10 wEav
Y EL o TRBRMLL 4 SUICHTLY STTCRY , PLASTIC 3
o CORRON T PENY  FINE TuAUL CONTTNUOUS

Th WEOT CHBNNELS AND/NE PORES i

TIMPUS 1 STHCAGLY ALKALINE  Phe

rOUNDARY

514)

SIS
9.

” LTS}
T74) CRUSHER G LTaw ]
rRSSIVE
SUILHTLY PLAS
TurULA
STRONCLY ALY AL ING

LIGHT GLIVE BROWN (.57 5/4)
VERY FRIARLE

A L HOOTS  RETWEEN PFUS i
PORES 5 WODFRATELY FRFERVESCENT

Pre 9.6 (RROPIHYNOL PLUE) t

§OSUIGRTLY waRD .
e
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SUBVIY SARPLE L3
LOCATIONE
CLASSIFIOAY(ON:
SITE WLt Ih ¢
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Busby undisturbed soil (Sit

RIEDEL

sTEmy 11 s
F 1P4&y NP L/&y NE 174, SELT 3 VLN, RALE, 0 M ST OF COLSTRIP, WY,
(3R] TURNINRTRENTSS LDANY v RIREP (CALCARIOUS) + FoIGlD v SHALLOW
LOuNIYE EYATIONT 1042 wrYERS MOMTH SAPPLED! AUGUST
CUASST  REARLY LEVFL KINDY CONCAYS ASPFCTT  NORTHEAST
ANKUALE 4¢ DLGRELS F SURRERT AN DEGRIES ¢ VINTER: 24 DEGREES ¥
ANNTALY NEGRIES ¥ SupmEn: DEGREES ¥ LALALY B NEGREES F
PPTHE c» WONTHE  AUGUSY KINDT A0 wATER TAALE
W47 Ch, COMTHGL SECTIAN LIRITS == UPPERT 025 C¥ LOWER? 10C Cw
“ODIMATELY WAPID CRALAAGE CLASST WELL DRAINED
ULLIAG 06 HILLY UPLANDS STONINE ST CLASS O
NOCOFST OF MIGH PCIMT
LRASLES ANN FnRRS
51 "ny WEATHERFE  RTSTCUML PATERIOL, LOCAL (OLLUVTU® OR SOLIFLUCTATE

CALCAREONS SANDSTANE

PROFILE DI SCRIPTIAN
n - L (n, < C - € Ina)
BRPUMY  (lufhk  5/3) (RLSHREL §  SAMOY LOA™ DN, YFLLOWISH BROWN CIGYH  474)
CRUSHED WETST i MFAK TG WOOERATE REOTUN  SUPANGULAR BLOCKY  STOUCTURE [
Soe ¥ o VEKY FRIANLE v ADASTICHY » NONPLASTIC  §  COPRCH TG PANY
Fin HCLTS  THROUGHOUT WORIZON  §  MANY FIne IRRFGULAR  PORFS i
WOUTKATELY FFFERVESCIMT (WCL)  COMTINUOUS & SODFRATILY ALXALINE Ph- P4
CAIROATHYNOL FLUF) i ARRLTRASY  wrUNDARY
IR S TR e R e T
PENMN CLUYH  5/3) CPLSKIC 1 SAMOY LOAK  § DF, YELLOWISH BROWA €10Y®  4/4)
CRUSHED =C1ST WEAY LU mUOIPRTE ®EOTUR  SUEANGULAR BLACKY  [RY STRUCTURF 3
SN v VERY FRIARLS v AONTTICEY « NUNPLASTIC 1 Coms(n TO
AT WUDTS  THRGUEHOUT WIRTZLN ¢ WANY LY IRAFGULAR  PLRES i
ROUCAATELY CFFERWESORNT (HEL)  CORYIMLALS  § MODFGATELY ALKALINE Ph= 4.4
(ReOmIHYRIL "LUF) i ARMITRARY FOUNDARY .
SO o A T G N e L )
AU WY, CIGYR  S73) CRUSHED  §  SAADY L(Aw § D¥. VELLLNTISH AROWA CLUYR  4/4)
CRUSHED mNTST 3NEBK 10 RRDIEATY ®ENTUP  SLEANTULAR RLOCKY  STRUCTURT i
SOF o VERY FRIABLE o MOASTICEY v NUNPLASTIC  t CONNCH TO WANY
Y KOOTS  THROUCKOUY MOBREZCA 5 »aAY FIne IPREGULAR  PORES i
SUDEEAVELY FFERAVESCINT (MCL)  COMPIALNLS  , WACIBATELY ALKALINE PH- B4
CWORTHIRGL BLUE) 1 MRALTRARY  prUNCAEY
L IC AN | (o PO SR I 1 | Y )
AR N CILYR  573) CPUSHED | SAADY LMaw i UK. YELLOWISH AROMA CLOYR  474)
BUSHID wOlST IoowPAK TL wO0ERATF REOTUR  SURANGULAR BLOCKY  STRUCTURE L]
S0k T v VERY FRIAPLE v NORSTIONY » NUNPLASTIC & COPNCA TC NANY
i wunrs THEOUGHRIUT KNP 10K ] LLLAS L L1 1PRIGULAR FCRFS i
NONFUATFLY FFFERVISCOMT (MCLJ  COMTINLAGS 3 WODFRATFLY ALWALTNF PR F.4
(APCaIRYRrL “LUF) i cLesn RIS UKL ARY -
19 = 25 CPs € & = 1D 18,)
LIGHT OLTVE AROWA (2,57 S/4) CALSHIT 3 SANDY LCA® DK, YFLLCWISH BROWN
A78) CPUSHEL WCIST 3O WEAR TD MOUERATE WEQTU®  SURANGULAR RLOCKY
Tyes  sun » VIRY Frlewps «  MONSTICHWY o AOMPLESTIC i
PINE POCTS  TEEOUGENUT BOPIZON  §  WANY FINE TREFGLLAR  PORES i
RODEXATELY FFPERVESCERT (WCL)  CONTIAUUUS  §  WODERATELY ALKALINF Ph- §.4
ARROATHYNOL BLUF) 1 CLf AR ALISA TS ROUNDRRY
2% = 4% €U C 16 =~ 14 INS)
LICHT ALIVE RENWN (2457 574) CRLSKED  §  SAMLY LCAR  § DR, YFLLCRISK AROMN
C1UTE 4740 CRUSKED #CTST i WLAY TO BOCERATE *(CTUR  SUNALGULAP PLOCHY
STRUCTURE 1osory o WERY ERIAPLE s NORSTRCEY o NINPLASTIC
com FINE RCOTS  TWKOUGKOUY WORTZON 5 WANY FINE 19REGULAR  PORES i
VIDUSATLY EFRFRVFSCERT  (WCL)  CONTINGOUS | MOOFRATILY ALKALINF Ph- bod
(PUNRTHYRNL ALUF) i CLeen vy LRULUTTS | -
1 - S0 (N, (16 - 20 TN,)
LTe VALLUWMISK HROWN (2o5T  673) CRUSPEC 5 LOARY SANC  ;  REODISK PRUNA  (2.3VF 5/4)
CRUSAED #NT1SY vO0 RATH CCROSE PLATY  STRUCTURE 1 SLIGHTLY Wamp »
FREAALS  ,  NONSTICHY o NUNPLASTIC 4 FEW FINF RONTS  THOOUCHOUY WORIZON ¢
paNY ALY IREFGULAE  pORES 3 OYTULERILY FFPFAVESCENT  (HCL)  CONYINUCUS 8
MOOFKATELY ALKALINE Pie oa (MROBTRYSCL FLIE) i ARETIRARY  EOUNDARY
$0 - 10y (W ¢ 20 - 3% 1INy,
PALE FunNuw Ciowve t73) LRUSHED ] Lrasy SAND ) YFLIOWISH LUCL IS ) 4] S74)
CRUSHID ®ETST 3 PnLEEAIE PLOTUR  PLATY  STRUCTUKE T OSLIGHILY WaRD .
FRTAKLE  ,  NOWSTICKY o NONPLAETYC g fEw FNE RODTS  THEOLEROUT RORIZON
“any FIne IRRFGULAG  Frbg s 1 O RCLYRATELY EFFPRVESCENT (ML) CONTINUCUS
MODIAATFLY ALRALINE P w8 (SROPYRYPCL LUI) T GRACUAL SWONTH  FOUNDARY .
160 = 176 Cpy € 39 = 4% IN,)
UTo YELLOWISH APOWN (10YO  A74) CHUSKEr & KNANY SANE  §  TSLLOWISK REUWN (LOYR  $44)
CRUSHID MCEST BT PERCENT SLIGHILY AR LCAPY SOMF ABOMMISH YILLON CILAYE  4/4)
CRUSHEL STRATIFTCATTUMNS ne S (R TWICE ) § WASSIVE 3 SLIGEILY WARD s
FRIARLE . NONSTICHY v NONPLBSTIC LT FIne 1eRrcuLe LULTRY 1
ROCELATILY EFFERVESCENT (MCL)  COMPINUCUS 5 WODFRATELY ALRALING Ph- K, 4
CBMOMINTYROL PLUE) T AOY GEACHEC KPUNPARY .
AUG 10e 1976 SOUL TF™P 22,0 € A1 SC €%, SHIL TEPP A1 176 C¥ sin.5 C. STRUCTU®
£ N1 L) ACRTINK 1S BELATID 119 BEGPING THE SANOSTONS REDROCK, STRATIFICATIONS
TR THE €2 ARE INHERITED FOOM RIDRCCH, IME €2 WORLZON IS SINTLAR 10 & P MITHI

T INBE IT IS PERWFAPLF
RARTLL TRATE.  THYNOL PLUF

AN wrTER,

AND WAY HOLD AVATLARLE WATE®,
INCICATOD GIVES PM WaLUKS 0,98 1D

FOWEVE ne
Led mIGHER Y

e No. 6).
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description of Busby undisturbed soil (Site No. 8).

Crincon
sreen 1714 a

N 17Ay MW LZ&, AW 128, SECT 7 TIN, PALE, | MY SE LF COLSTRIR, W),

AWLNIC  HABLORNBOLLS G COARSI =Ll APY o mIN(D

[LITIE FLEVETIONT 101S RFTIKS RONTR SEPPLEDT AUGUST

CLASHE STRONGLY SLUPINC LA (NRCavy ASPECTET  SDUTHMEST

ANKUALE 44 DECRE(S F SUPWEFLD AP DIGREFS ¥ MINTERET 24 DEGREES F

ANNLALE NEGREFS F Supwfer OFGREES WINTERE DEGREES F

W . BUNTRE  BUCUST KINDT  AD WATER TABLE

LR ) COMTROL SFCTADN LINITS - UPPFLT 02% C» LOWERED 1CC CP

“O0EMATELY KAPID OKAIAAGE CLASST WALL DRAINID

WLING U HILLY UPLANDS STONINESSE CLASS 0

UN SLUPE

GRASSES AND FDRAS

SLIGHILY MEATHERED RESIQUAL PATERIAL, LUCAL COLLUYIUN DR SOLIFLUCTATE

CALCAPEDUS SANDSTONF

PROFILE DESCRIPYION

9.4 1 Cre ¢ 0 - 0 Ing)
GRAYISH BROWN  CIUYR 5/72) CRUSHED 3 SANDY LOA®  § v DK GRAYISH BROWN C10VR 3/2)
CRUSHED mOTST 1 1C PERCENT SOFY SANDY LOAP GRAYISH BROWN  CICYR 5/2)
CRUSHID RROTOVINAS 15 - C(® TRICK ) i MOUERATE COARSE  PLATY STRUCTURE i
SOF 1 o VERY FRIABLE s NORSTICKY » NONPLASTIC § COWNON FINF
ROOTS THROUGHOUT HORLZON 1 Y FInE IRREGULAR PORES )
NONCALCARFOUS o) DLISCONTINICUS T ONCCERATELY ALEKALINE Fe0
(RRORTHYROL ALUE) 1 OBRELIIRARY  AOUNGARY
i 2C% ¢ O - 1 1IN
BROWN  CILYR  577) CRUSHEE & SANDY LOAR | Vv € ISK BROWN  (10YR  3/2)
nOlST 1 IL PLACHNT SOFT SANDY LNAN  VERY PARK GRAY CI0OYR 371) EXTERTOR
KROTOVINAS A4S = (P THILK ) 5 RCCERATE PLATY  STRUCTURE i
SOF T v VERY FRIAKLF s AORSTICEY s O i CowMCh  FINE
ROUTS  THROUGHOUT HORLZUN 3 FPANY PN [AREGULAR  PORFS »  PARY
onees T ONONCALCAREONS  (KCL)  CONTIALOUS 1 RODFRATELY ALKALIME PH- 8.0
(AP OMTHYROL RLUE) i ARMITRAVY  POUNLARY
€= SCRe ¢ 2= 20N
URATISK RRUMN  CBUYW  5/2) (RUSKIE 5 SAADY L7AF Ok GRAYISH RROWN  CLOYR  342)
CRULuEh prrsy $ 10 PLUCINY SDFT SANCY LUAP  (GAYISH ARNWN  (10YR  5/2)
LO0 00 SELTOVINGS 15 = (F IHIC(R ) 1 oenLERATY COARSE  PLATY STRUCTURF i
St 1 v VIKY ERlARLY v NOASTICNY « NOMPLASTIC 3 COPSCH FINF
O TS THEDUGHALT VLR IZEN §omERy fant TERIGULAR PORES i
MONLALCAREENS  CrCL) CORTINUNES | ®AGERATELY ALKALINE PH= €40
CHEOHTRYMOL TLUE) iOANRURT  wawy PLUNDARY
¢ Sl W SRR “ v
CLUYH  5/3) LRUSKHIC 4 CANCY LOA® 3 GAPK WRCWN  (IOYE  3/7) CRUSHED
i hC PERCERT e SEMDY LOA®  PPUMN  (16YR 5/3) CPUSKID KROTOVINAS 1%
THICK ) 3 rOUFRATL CoResE PLATY  STRUCTULOT I OSLTGRILY HERD ,
(1A o VERY FRIARLE s MUAFLASTIC i FInE s(ovs
THELJLKAUT WURTZON I PANY (NLY} IhrCuLau 4 NCNCALCARFCUS
WHCLD  CONLINUDUS  § WOGE®ATILY ALNFLING PH= HuG (PRORTHYNOL RLUF) i ARRLPT
wavy RUUNDARY L
19 & " gsilfy € 4= 3N 1N,
TELANWISH PRUMN CLUYE  S/78) LKUSKFIL 5 SARLY LLAY 1 RROWN CILYR  473) CRUSHEL
Al 140 PFRCINT SOFT SEANY LOAM  YELIOWISH nBEOWN (LOYR  5/4) CRUSHFOD
KOUTUVINAS 1% = (W TNICK ) 3 VERY MEAK COARSE  PRISMATTC STRUCTURE  ANC
wiay COaRSE  SUBAMCULAR RLUCKY 1 HAED v VERY FRIARLE +  NONSTICKY .
IUNKLASTLS i UnERON FIAE FUCTS  IMEPUGHUUT BORTZCN  §  #ANY FIN
TRELGELAR  PORLS § O NORCALCRRLLU®  (HCL)  CONTIMLUUS & 0OFERTILY ALKALINS
CHe L0 COPORTHYROL FLUE) ToLrAr wayy souNDRRY
25 = S0 tMe € QU = <L ING)
YELLUMISH POUMN CLOY® 576 CPUSKED 4 SANDY LUAR | [DK. YFLLOWISK BROWN (LOYR 4/4)
CRUSHYL =01ST 310 prageNt soFr SANCY LUA®  YELLEWISH AROWN (10TR  5/4)
CRUSHED KATTUVINAS 15 - CP TRICE ) 1 WEMY wERE  COARSE  PRISPATIC
STRULTURY AND WEAK COAPSE  SUBANEULAR BLOCRY i MARD s VERY FRIABLF »
AONSTICRY s NONPLASTIC 3 CUWWON  FINE K0CTS  THROUGHOUT WCRIZON  §
nANY FINF IRRFLULAKR  PORES b ONONCALCAREOUS  (WCL)  DISCONTINUOQUS i
MODFARTELY ALKALINE Fh= 8.0 (FRORTHYRCL ALUE) 1 AFRUPT RRONEN ECUNDARY
S0 = Q0L (W, - 39 I
PALE "ROMM  CL10YR  8/3) CRUSHMEL 4 SANDY LNAw 4 YFLLOWISH AROWN C10YR  5/4)
(RISHED W01 ST POVERY WIAKR  CNAPSE  SURANGULAR ALOCKY  STRUCTURF I HARD .
VERY FRIARLE v NCNSTICKRY s NONPLASTIC t Ffw 10 COMRON ALl ROOTS
THROUGHOUT WURTZON  §  WARY FIne FGULAR  PORES v CORRON F
TURUL AR PORES i CeRwon  sord ®ASSES (F LImF 1
WODFRATILY EFFERVESCENT (WCL)  COMTIALOUS | STHCNGLY ALKALTNE  Pp-
CHRORTRYNOL BLUF) TOGRADUML SMCNTF  BOUNDARY
104 - 15 CWe € 39 = 59 IN,)
VERY PALL “POMN CLUYR T77) LPUSHIC 3 SANCY LDaw 1 YELLOWISK RRCuN (10YR  5/74)
CRUSHED Ap) ST POVERY Wi Lrapst SUBANCLLAR PLECKY STRUCTURF § ML .
VEPY FRIAPLF s ANCASTICRY s NONPLASTIC (LAl S L1 ROOTS
THKOUGHOUT HORIZON | wANY FINE TURILAK PORES i Cowmow  SOFY
THREID-LIKE WASSES CF LIWE O OROCFRATELY FRrRERVESCENT (KRCL) CONTIMUOUS i
STHONGLY ALXALINE PH= B8 (FROPTRYNCL BLUF) T DIFFUSE SROOTH ECUNDARY .
15, = 200 L@ €89 - 19 I,
YUY PALE RRDWN CLOYR  T73) CRUSKHIT AV LNan I OYELLOVISK =RCuN (10YR  %/4)
CRySHED ADYSE $ o owassIwt 1 happ » ViKY FRIAPLE » NONSTICKY
NONPLESTIC  § FEW FINS wOOTS THENUGHOUT VORIION | MANY FANE
TRECLULAR  PORES 3 OMUDFRATELY PFEERVFSCENT (MCL)  CONTINUOUS ¢
COURRATELY ALKALINE Ph= W 4 (REORTHYACL PLUF)Y 1 NCT REACHED ANUNDARY =,

MG L0 1976 SOIL TRWP 222,90 C BT 50 (®e REDIUR TAPSCCTS AT 3 FODT SPACINGS PE
NCTPATE TO LS MLTERS,
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Site description of 1924 old spoil (Site No. 5).

1924 SPCILS
ret (] s
Wb AZAg 51 1/% NE 28, SECT ) TIN, 41F, 1 R1 SEOOF
LNONIYE St WEMARKS ELFYATIONT 1010 WPTERS MOMTK SAPPLEDT AUGUST
T OLLASST N ARLY LEVEL KINDS Loy ASPECTE
ANNIALT of WOREFS F SUPRES T oF DLGEEES # WINTERZ (4 DEGREES F
o OANAUALY NGRFLS F susRERt PIGREES ¢ WINTERS DEGREES F
et (L5 RORTH:  AUGUST KIn0t AO WATER TARLE
14y (e COMTROL SECTIPN LERITS -- UPPERT 0Z% CF LOWERD |
i URATRACE CLASST  SOMEWMAT FXCESSIVELY CRAINED
MOLLING UF WILLY UPLANDS STONINESS?T CLASS ©
LRASSES ARD FORRS AND SHRUPS
t SLTGHTLY WEATHERFD  UNCORSCLANATIT ®INEWAL SECIPINTS
CALCAREC HSINKS AND CALCARENUS SILTSTAN
PRLFTILE DFSCRIPTINN
bt B¢ Ye -4 2 In)
WO MM QiuTtk  S23) CRUSHIC 5 LUARY FINE SANL 3 PROMN  (10YK  4/7) (PUSHEL
anlcn i ek PInE PLATY  STAUCTUWE  PAUTING 10 WEAK FINE
CRANILAR P SURY o WLRY FRIARLY o NORSTICEY o NONPLASTIC ¥
NANY FIng kOLTS THRUUCHOUT POPTICN L FINE TRPECULAR PORES
WILOLY EFFPAVESCENT (HCL)  CONTINLONS 3 #NDCRATFLY SLEKALINF PH- o0
CPRnRTEYROL FLUE) 1o ARRITEARY JCTI TS
.= «c (9 C 0 - 1IN
WRUMA  LIGYE  S/3) CRUSHED ;  LOASY FINE SARE 5 APOWA  C1OYP  4/3) CRUSHED
“uLst i Wi FINE PLAIY  STRUCTURE  PARTING TD  WFAR NS
CIANULAR 1 S0k o YERY FRIAPLE + NUNSTICNY o NONPLASTIC g
MANY FInE PONTS  THENUGENLYT MOBTIGA  §  WANY FINF IPREGULAR  PNRES
MOUEATELY CFFERVESOEND ChLl)  COMTIDLIUS 3 WOGIOATELY ALRALINFE FPh- K.2
CHU M THYROL L) i AUKLTHARY  GrUKDARY
& - Y L U 4 ¢ Ixa)
CIUYP  873) CVLSKFL LOAWY FINF SANG 3 AROWA  CLUYR  4/7) CRUSKIC
i PINE PLATY . TTRUCTURE  PARTING 10 wFAK ¥ Ing
Posuit v VEWY FRIARLS . MORSTICKRY s WONPLASTIC %
ANY ANt RULTS  TROLUGHEL) WORIZON  §  WANY FINF IRRFEULAR  PORFS
POPEUETELY FEFERVESTEAT (HCL)  CUNTIMUNUS  § WODEPATILY ALRALINE Ph- 8.4 3
AAKNPY CEONTH POUNERKY
S U P | - AN
Ltapl WREWNTSH GRAY CioSY #22) CRUSKHIL 3 FINE “ANPY LOAN 3 LIGHT OLIVE APDWA
C2.57  9/4) CRUSKEC mLIST 1oeoCieats #EOTUN  PLATT  STHUCTUARS i SUFY
Vidy ruramt v MORSTICRY o« NORPLASTIC ETIN | FINE agors
TIMOUCHOUT WO LZEN 5 RARY Ll IBPELULAR  PrKES i
WONFRATELY FVFERAVESCINT (nlL) COnTInunus B STROAGLY FALTNE PH- BuB
CEAIMTHYRCL SLUE) 1 APRUPT  wAWY aNTARY
15 = % € & - & Ih)
LTLET GBAY  (Z,5Y  1/2) (PUSHU SAMLY LUMP  § CRAYISH BROMM  (T.5Y 5420
CRUTHEN %1451 LR VIKONG %ROWh (1.5Y8 S/%) CRUSHEL
WOTILES 1 20 PEHCONT SLIGHILY MEP( NOY LUAP PALE RROWN  (10YR  6/3)
JNEAST RANDS 20 - €W TWICY ) 1 PROLKATE PECTUR  PLATY  STRUCTURS 1
LTOWILY bakg o NIRY TUTARLS o NONSTICKY o ADNPLASTIC 5 PARY
LT G001 BEINEER PERS i (raw N FIAF [RUEGULA PORE € '
VINLLATLY FFRPRYFSCENT  CrCL)  CUATINUGUS 3 STACNCLY ALFALINE  FFe ok
(LR THYROL KLUE) TOCUIAY RAVY PusuaRY
¢ - v C8, ¢ W= 20 INe)
CIEMT LEAY (2.8%  1/2) COUSHFD  § PInE SERTY LUBS 5 GOATISH PRUNA (2,57 </2)
BULAEY POTY 4 AG PTICENE WESY BAKE | INF SAROY LCAR REOWN  (10YE S/ 4D
CEUSHIL WANNS . Y 1 RASSIVE  § CHIGETLY WasD .
vioy KEianty > v ACRPLASTLC UL T LY LI
PHe ONEROUT HOE 20N [ JoRiGuLAR  prert P fte SANDSTONS
L ) PATLY PEPTRYESCEND  (F(L)  CONTTRUDGS
LY ALERLINE CORORTEY Rl RELEY 3oARMTIRARY  mmisrevY
' CYRS U | " ]

CR A | BY (7ahY 4s2) COUSHID 4 S TNE SANDY LUA®  § GOAYISH @PUMA  C1,8Y  8/7)
T TN | tovBaWR  C1CTE SZ4) (PUSHID 1 DAAY HeCWN  (1LYE  473) CRUSESL
18t i 10 PRROENT Wik wpa| GARE ALY LUMR TROWA  (1GYE S7Y) LXIFRINE
iRV v TRES ING waliRlald €% INTEK 3 3 PRSSIVE 3 SLIGNTLY wAR|

VEay BEIARL o MERSTICHY ¢ VINPLASIIS i CemROh 1IN CIUEES
VIO GUEREUT AR IION e RRY LINY (TR TR '
WINLERTLY i bVESCERT  CFEL)  CORTIRLUUT & STEONCLY BLVALINE  Ph- Wor
MURTEMARY  ROUNLRKY .
100 = v Lay (49 1y e
LTLel GoeY (2.8Y 172) CRUSKH VUL SAAEY LOBE | CRAYISH PELUN  (2.%Y  $72)
el Bty S0 PYRCINT TLINeTLY mBR( FIAT CARDY L08R RALE MRUMM  (iaYE
SUSHIN T ANGS (b oaMrEe )y g ctyr 3 senn o FRIAPLE
STI vy o ALATLATIEC AR A T GUETS  TRRCUGROET WERT AN
“rav o in 1RESOLL e CLLTE TOVTOIVNTLY FREPPVESLENT  (MEL)  LPNTIRLLUY
JMESLLY ALEALIRE  Pre v b (REUBTRIROL hIUS) §ONTL BEACHED BOUNLPEY
ThIP-RINE APOTLS A AK COLTTZ Tk, wINTANA SECIVILED Th 1924, AHGL, Ty 19T6. "
Toap 2200t AL Cw, INT URELTERT SANGS OF AL WATERIAL OCOUR Th (FAYEX UPVA
WAPE ' AL (eA) (¥ DN (¥ TRES COPLSUTIONAL STOULTIURES A1 T (% wlOf, 1€
€ WTLN GRG AT DRTIND DA 1ot TLTION IME ARCIL PLATENOS aurLt,
Tk BANNS A TEN SIPAKATS BATERTAL GF BUEFFRIRG LITHOLOGY.  THYROL ALLE INCTCATC
WIVES P WALUESO.® 1o Do) GNITE RICHES TuAh METER, PLONY ROOTS IN () GO0 MOR
JUNTALLY TN CTRGETLOAT v il UNITL S ERCRINE & VERTICAL VOID LARCT F MUK FOF 0
P A R T
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Table 40. Site description of 1924 old spoil (Site No. 7).

SUlL Skmtres 1924 speIts
SURVEY SAPBLT Wi Lt ¢ o
LUCATINN: MEOUZ&y NI L/6, NE LA, SECT N TN B4l L ®TOSE CF COLSTRIP, WY

CUASSIFICATINNS

SITE Whet g 7 COUMETE ShE REMARKS FLEVAIIONE UG30 PR we WONTH SAPPLEDT AUGUST
stoere 4 Las BUARLY LEVIL FiND: PLAN ASPECT:  WEST
AIR TEwprRATURY ANNUAL D a6 NFGREFS ¢ SURRER T AR DIGRFLS ¥ WINTERT 24 DEGKEES F
SCIL TEprEeprTuRt AL LTI T DEGREFS ¢ SUbNE Ay NEGREES ¢ VINTED: DLGREES F
WATE® TaRL): PN cr. ROMIFE  BUGUSY KINDT  NC WATER TAPLE
CIPTIATIENE a0 cr. CORTROL SLCTION LINTTS == UPPERT 02% Cr  LOWERE 10C Cm
PERRLARTILTIY: AP TH PRATAAGY CLASST  SOWEWMAT EXCFSSIVELY CRATNED
PHYSTOGRAPYY L EOLLING (R HILLY UPLANDS STONINESST CLASS O
ETATIONE LEASSES ARD FORRS SHRURS
FNT BATERIALY ALENTLY wEATHE UNCONSOLIDATED RINERAL SECTRFATS
CALCAPENUS SANDSTONF
Ha® 170K PROFILE OFSCRIPTION
o n Q.- 1 L T L oInN)
ROWN CICYR  577) CRUSHELD 3 SABPY LNaw 1 BRUWN C10YR  4/3) CRPUSKHED wOIST '
mASSIVE 3 sy + VERY FRIAPLY v MONSTICEY o NONPLASTIC PONANY
L1} Kicrs THROUCHNUT wORIZICH 1PNy FIne 1PREGUL PORES i
WODERATELY FFFERVESCENT (MCL) CONTIRUOUS i MODERATELY ALKALINE Ph- 8.2
(AROMTHYREL BLUE) 1 ARBTTRARY  BOUNDARY
T 7 | SIS T A LT G R ) [T
PALL PROWN  (10YR  £/3) CRUSHED & SANDY LOA®  ; BROWN  (10YR  4/3) CRUSHED
“ntst i WEAKR YU wO0ERATE FIse PLATY STRUCTURE i LOOSE + LOOSE .
WONSTICEY o AONPLASTIC  t PAMY 1Ine KOOTS  THROUGHOUT WCRIZON @
“ANY PN IREFGULAR PORES @ SODERATELY TFFERVESCENT (M(L) LONTIAUNUS '
RODEKATILY ALRALINE Ph= C.4 (AROFTRYSOL HLUE) i ATAITRARY  ROUNCARY
IR Y 2. tgh, C )= 2 (N)
PALE BeOWN  C1OTR O AZ3) CRUSHED 1 SARDY LDAX | mECWA  CLOYR  4/3) CRUSKED
1Sy tONEAK T WDpERETY COARSE  PLATY  STRLCTURE osmr *
ViU FE ALl v AONSTICRY o NONPLASTIC 5 w8 FINE ROOTS
THROOGHNUT WORIZON 5 WANY FINY TOMEGULAR  PORFS i
MODERMTFLY EFFERVESCINY (MCL)  CONTIMUUUS & MODPEATELY ALRALINE Ph= 6.4
CARUNTHYROL RLUE) PooAReLIEARY  prunpARy
) B =300, o S E TNG)
FALYL Si0uh (10FR  A73) CRUSKIG 3 SANDY LUAN REOWN  (1OYR  &477) (PUSHFD
¥y e o WEAK 10 mCDERATE CEE2er  PLATY  C1RLCTURY i osnr .
VERY TRiafLT s NOASTICRY + ACAPLASTIC iomany FINE RC0TS
THRUULHOUT MORTZON  § MANY (ALY IRkEGULAR  PCRFS i
SOOFRATFLY FRFERVESCIAT (NCL)  COMYINLOUS 5 STRCACLY ALKALINE  PH= §.6
CRENNTHYRGL PRUTF) i ABPURT  WAVY AOUNDARY
« ) 10 = 2uCRe € 4 = .k IN,)
FALE wED (2457 172) (PUSHED & SAADY LAY ;  GRAYISK BROWN  (luYE  5//)
CAUSHED mOTST 1 PALE RROWN  C1CYE £/ 3) CPUSHIL 3 YELLOWISH PRCMN C10YR  $/4)
CRUSHID wOEST I FIW PECTUN PECWIMINY  HPOMNISH YELLOW CICYR 6/6) CRUSHED
MOTTLES 3 mODERATE MECTUR & CPARSF PLavy STRUCTURE 1 SCFY .
VERY FRIABLE v RORSTICHY v RURPLASTIC 5 CONNOM Y0 WANY FINF ROOTS
THROUGHNUT HORTICN 1 RNy (R LY IPREGULAR PORES i
VIOUENTLY FREERVESCERT  (MCL)  CONTINUNUS  §  STRONGLY ALKALINE  PH- B.b
(ARORTHYROL BLUF) § ABRUPT  wavY BOUNDARY .
[ e 9 - 9 C « 20 In)
PALF PROWN  CLOYR  6/3) CRUSHED 3 SANDY LOMN I YFLLOWISH BROWN (10YR  S/4)
CRUSHED mOIST I PALE "py C2.5Y% 7/72) (RUSHFD 3 REDDISH AROWA (2.5YR S/77)
CRUSHID ®OIST T 10 PERCENT VERY FARD SanOY LC ¥ DK GRAYISH PROMN  C10YR  3/72)
CRUSHED ROISTY POLKETS OR CONTRASTING WAT 150 = CW INICK ) i PASSIVE 3
SLIGKTLY WARD o FRIAMLY s NONSTICHY s NOMPLASTIC 3 FFw FINF ROOTS
THROUGHOUT HORIZON ) LU FInt IRREGULAR PORES i FEV SANDSTONE
IPAGRENTS 32 Cw T O YIULENILY EFFERVESCINT  (MCL)  CONTINUOUS 3
STRONGLY ALKALINE  FK= 8.8 (HRUNTRYRCL RLUK) §OARPLPT  WavY FrUNDARY
[ F S0 - 100 () 39 I8,
PALE PROMN  CROYR  6/7) CAUSHED 1 SANCY LOAR  §  TELLOWISH REOWN CICYR  S/4)
CRUSHED POIST TOIC PERCENY WEMY bRkl SERLY LEAK CLCYE  473) CRUSKEL
POLEETE 00 CONTRASTING MATIR I 20 - L% YRYCE ) H T OSULIGETLY pasL "
FRLAKLE  , NONSTICKY s WONPLASTIC A T HCOTS  INPOUGHOUT WURIZON
“ANY 1INF IRRECULAR PORES 0 OMTLLENTLY FRFERVESCENT  (MOL) CONTINDOUS i
VIRONGLY ALKALTNE  Ph= Hab (RKOURTHYSCL ALUE) i TYRARY  BOUNCARY
e 100 = 200 CRe €3S = 19 1Ma)
TTe YRLLOWISH FRUWK C40Y2 6/4) (WUSIED 5 SANDY E0AX  § YFLLOMISK BPOMN CIOYY  5/4)
CRUSHEN mOlSY ' Ssiv §OLIGETLY vemp o FPIDELE ,  NOWSTICWY .
NONPLASTIC 3 FPw FINE COUTS  TEXOULKOUT WURLZGA 5 WANY FINE
TRRFGULAR  PORES I OVICLENTIY EFFIOVFSCENT  (KCL)  CONTINIOUS ¢
STRUNGLY AUKALINE  Pre 6.6 (RENPTHYROL ELUE) T ONCT BEACHID POUNDARY
aFRARKS Y MIRIP-BINE SPOILS MEAR COLSTRIP, WONTANA LEVFLED IN 1924, JUG L0, 1576 SUIL Tew

Po v2iob £ AT S0 CRy COMMCN PUCKETS OF INMERTIEND &1 SATER[AL WHICH (S SUIGHTLY
MEAVIFA LN TEXTURE, ROOTS PUNLYFERATE [h WURIED A) POCKETS. GRAY SANCSTONE 1N
G1 AND €2 WAS HARD CONSISTEMCE. 1-4% SHALL AND STLYISTONE IN C3.  TNTERNTTTENT (O
NYEX-UPWARDS RAND OF F1 WATERIAL SC (% WIDE ARD 45 (W MIGH OCCUR AS CEPOSTTICNAL
FORTURES. PROMINENT DIAGONAL SHIAR PLANES P4 TO THE DUTSIOF FCGF OF YHE
SPUTL PLATFOPR WAY REPKESERT Tl FCWMER FYTENT SPCIL PLATIOR® ryuRiNG CFPO
SITLIN.  PLATY STRUCIURE NEAG THE SUSFACE BAY BE DUL 10 CCMPACTEON BY WORSES WAL
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description of 1924 old spoil (Site No.

1924 SPPALS

t 24 I |
SE t/Ag NW 174 SV 1/4y SECT 45, TiN, RARE, ) BT SE OF CCLSTRIP, W7

9).

COUNTYE SEE BERANES FLEVATIONE 1917 RETERS WONTH SANPLEDT AUGUST
CLASHE NEARLY LEVFL LR LR PLANE ASPECT:
ANNUAL S 46 DEGRELS ¥ Ev: 6R (M GREES F WINYERD 24 DEGREES F
ANNUAL Y DEGREES ¥ ie1 NEGREES F WINTERT DEGREES F
kP I cn. REATEE BUGHST KINDI  AC WATER TABLF
140 o CONTROL SECTICN LINTIS -~ UPPERT 025 C  LOWER:Z 10C CH
waRin CRATNAGE CLASST  SOPEWMAT ENCFSSIVELY CRAINED
VOLLING OR HILLY UPLARDS STONINESS?® CLASS ©
GRASSES ANU FORRS
SLEGHTLY WEATHEREDN  UNCONSULIDATFD WINERAL SEDIWENTS
CALCARECUS SANOSTUNE AND CALCAREOUS STLTSTONE
PRUFILE DESCRIPTION

% » 1, € C ~ 0 IN)
Liakl HRUWNISH GRAY (2,57 &€/7¢) CRUSHEC 1 LOAPY SAND 3 DARK GRAYISH BROWK
2057 A72) CRUSKEL WOIST 1 WASSIVE  SOFY s VERY FRIARLF
NONSTICKY s NOAPLASTIC 4 CoRNMON  FINE ROOTS  THROUGHOUT WORIZON &
HANTY FINE VESTCULAR PORES I O WTLOLY EFFERVESCENT (WCL) CONTINUOUS 1
RILOLY ALWALINE Ph= 1.5 3 BUTRARY  AOUNDAKY o

3 =0 SANEWs €L =t TROENG)
CIGHT HROMNLSK GRAY (745Y &72) CPLSHED & LUARY SAND I OVEAR
YECTUR & CUARSE PLATY  STRUCTURE  PAKTING IO WOCERATF VERY FINE  PLATY '
SLIGHTLY MARD o FEIABLT , ANORSTICKY » NONPLASTIC 3 COWRCA  FINE
0TS THROUGHOUT FURTZON LA FINE TPREGULAR PORES FINE
POKES i WUDEWATELY FFFIBVESCENT (FCL)  CONTINUOUS  §  NODDFRATELY ALKALTNE PH- E.2
ARRITEAKY  AOUNDARY

¢ - 5L (SN BT 3 UPS ]
LILHT RROMNISH GRAY (i.5Y /23 CRUSKHED & LDARY SANS i DARK GRATISH BROMM
C2.ST  &72) CRUSHED wO1ST i Wk MELTUN € COARSE PLATY  SIRUCTURE
PARIANG TO  RONFRAVH VERY FINE  PLATY T OSLEIGHTLY KARD s WIRY FRIAPLE .
NONSTICRY » NORPLASTIC P TE TR Y KOOTS  THROUGHOUT KCRIZON 3
mANY FINE IRMEGULAR PORES ¥ OWOOFRATCLY FFFERVESCENT (MCL) CONTINUCUS 1
MONFRATELY ALKALINE PH= B,z & GHARLAL WhVY EOUNDARY .

$ = 34 UM G Fial WIINGY
LTOMT CROUNTSH GRAT (¢.%Y  0/.) (PUSKED §  LUAWY SAND 3 DARK GRAYISH AROWN
€257  477) CRUSKEL »CS5T T wlaw VEBY (DARSE PLATY STRUCTURE ]
SLIGHTLY KRG o VLHY FEIARLE v MINSTICRY » AONPLASTIC i CoreaN
N Ruects THEOUFHOULT WOEIZLN P PANY FINT REGULAR PCRES i1
PERECENT SANDSTONE IREGMERTS 32 (w 3 MODFRATELY FFFERVESCINT (KCL)
CONTINUDUS  § OCERATELY ALKBLINE ¥k 6.7 ¢ ARETTEARY  SOUNDARY .

33+ Ay Clg 1€ A= s e
LIGHT GRAY (2,57 7/2) CRUSHIL & LUARY SAN] i LIGHT MROMNISH GLRPT (2,57 6/2)
CoUSHEN moisY i WhK VERY CCARSI PLATY  STRUCTURE i SLIGKILY HARD ’
VinY Tk1ABLF y NONSTICKY v NONPLASTIC T Cnercn FINE RCOTS
THAOIGHOUT WOPLZON 3 WENY PNy IRRIGULAR  PORES i 10 PERCENT
VANDSTGNE  FRAGEERTS 32 Cm i %OPFRATELY FFFFRVESCERT (MCL)  CONTINUOUS
MOOLRATELY AUNALINE Pl #./ 3 LEBDUAL wivY BOUNDARY

1% = SuCe. € & - 2L 1M
UIGKT GRAY (2,57 1/2) CRUSKREL 1 LOA®Y SARD 1 LTGHT AROUNISH GREY (2.5Y ¢€/2)
CousSHEn mO1ST 3 LIGHT APDURISH (RPY (/o5Y 672) CRUSHED §  CARK GRATEISH ARCWM
C2.5¢  472) CRUSHIU ®OIST I FEw FINE L PELIUP  PROYINERT  BICOISH YELLOW
L7570 A7) CRUSKEU POTTLES § 40 PIKCENT VEKY MARD  LOARY SaND LIGHT CR
CIO¥K T72) CRUSHEG PUCKELS 08 CONTRASTING PATERIALOS - C™ WMLk ) 3 RASSEVE 3
SLIGHILY HARD s YUY FOpamif + WONSTICRY s NONPLASTIC i FEM FINF
RONTS  THROUGHOUT WERIZUN 1 PANY (RLT TRREGULAR  PORES 130 PERCENT

SANDSTON FRAGPENTS O (v v «0 PERCENT STILTSTONE  FRAGNEATS i
MODFMATELY EFFEMVESCERT CHOL)  CONTIALOUS ¢ ®ODERATFLY ALKALINE Pr- 8.2
CLY Ak wavY arusnsey

S0 - 100 (. € 20 - 19 IN,)

LIGHT FRUUNISH GRAY (Z.5Y 4/Z) (PUSHEC | LUARY SERC  § DARE GRAVISH BROwWN
€2.57  4/72) CRUSKEL wLIST §OLIENT GRAY  (2.5Y 1/2) CRUSHED

LIGHE REUWNTSH GRAY (2,57  r2) CRUSHED walST 40 PERCENT VFRY raRO

LOANY SAKE  EROWA  C1O¥K  &77) CRUSHIC PUCKETS DR CONTRASTING WATER IALCE

- CF TRICK ) TORASSIVE 1 SLIGHYLY WARD v VERY FRIAALS s NORSTICRY
NONPLASTIC 1 FEw PN RGLTS TFRCUGHOUT HORIZON b wany FINF

1A FLUL AR PORES b 30 PERCENT SANDSYONF FRAGHENTS 8 Cx i
WODFRATELY EFFFRVISCINT (WCL)  CONTTAUDUS 1 WOOFRATFLY ALKALINE Ph- 8.2
AMNITRARY  BOUNDARY

100 - 200 Cw. € V9 - 7Y N,)

CIGHT BROWNTSH GRAY (Z.5Y A/2) CRLSHED ) LUARY SANC  § DARK GRAYISH BROWK

2 A72) COUSIEL WOIST i MASSIVE  § SLIGHTLY kent v VERY FRIABLE '
NONSTICRY s NONPLASTIC i FEN FINE konrs THROUGHOUT WNRIZLM i MANY
(B IRRIGULAR  PUBFS 320 PERCENT SANDSTONT  FRAGMENTS  >F CF i

MOOFRATELY EFFFRVESCENT (NCL)  CPATIMUOUS 3 WODERATELY ALKALINE Fh- 6.2
AOT SEACHED AOUNDAKY

STRIP~MINE SPORLS NFAK COULSTRTP, SONTANA LFVOLID Th 194, AUG 9, 1976 SOIL YEW®
P oa34,0 L AT SC (¥, AYEG SAADTTUNE FRACKENTS THADUCKOUT THE PROFILE UP 10 3
C¥.  INTFRRITTEN) PUAHOS AANGY OF AL SATERTAL 50 CW WICT AF 15 CM MIGH
DCCUP AS DEPOSITIUNSL FERTURES, PRUPINENT DTAGONAL SHEAR PLANFS PAKALLEL 10 Tw
£ OUTSIOE €0DGE NF YWE SPOTL PLATFORX MAY REAPESIAT THE FORMER EXTFAT CF THE PLAT
(8]

FOAM DURING DFPOSTITUN. PLALY STRUCTURE N SURFACE 20 (P WAY WF DUE 10 (O
Ok KY HORSFS WAULTAG SPNTL waTsofaL,
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Table 42. sSite description of 1932 old spoil (Site No. 10).

SOIL SERTEST 193¢ seo1Ls

SURVEY SAmPLE N0t [ 173 10
LOCATTONY NF O 1/4) MW L/40 NV 174, SEC 1 TIN, BALE, 2 MY ESE OF COLSTRIP, Wi,
CLASSIFICATIUNE

SITE NOL2 G 10 COUNTY: SEF WimakeS ELEVATICNE 1006 WMETERS MONTH SANPLEDT AUGUST
SLOPE: 1 NEARLY LEVEL KINng PLANF ASPECT:
AIR TEWPERATURE AL DEGREES F SURNERT ob DEGREES F WINTER: 24 DEGREES ¢
SCTL TEWPERATURE  ANWUALT DEGRFES SummgRy DEGREFS F WINTE®D DEGREES F
WATER TAWLE: NEPTIHE cn, ROMTED  AUCUST YINDT  AC
RECIPIIATIONS 240 C COMTHOL SECTIUN LEINITS -- UPPERT Cob
PERNEANTLITYY SODFRATELY RAPLD ORAIAAGE CLASST WELL DRPATNED
PHYSTOGRAPKY T LEVEL OR UNDULATING UPLANDS STONINESSE CLASS 0
RICRORELIFF) ON CATST OND SLOPF
VEGEYATIONS GRASSES AND FORAS AND SHRUES
PARENT PRIERIALET  SLIGHILY VEATRERED  UNCONSOLIOATEG RINERAL SECININTS
CALCAREOUS SANDSTONE ANO INTERALUCFD SHALEL AND STLTSTONE
HOR 170K PROFILE DESLRIPTION
TR 9 - cn. - 0 Ih)
PALE PROMA  CLOYR  677) CPUSHED § LCAP I OYRLLOMISH BROWN C10VR 574) CRUSKEC
LLIEY ) T RODERATE FINE PLATY  sTRUCTLRE v WERY FRIARLE N
NONSTICRY s SLIGKILY PLASTIC i RANY Fl ROOTS  THPOUGHOUT WORIZON  §
nANY FINE TUBUL AR CONTINUOUS  #0BTS v COMPON 10 BANY FINE VESICULAR
POSES i FEW SANDSTONF  FRAGRERTS )7 mw SILISTONE  FRAGRENTS
2 e ToORILOLY PRPERVESCENT (WCL)  CONTINLOUS 1 PODERATELY ALKALINE PH= R4
CRRORTHYNOL WLUE) IOARFLIKAPY  ROUNGARY
s 12 L= 2CRe € C = 3 IN)
PALE RROWN  CLOYR A7) CRUSHED §  SONDY LOA® 3 YELLOWISH EBROWN C10YR  574)
CRUSHEN mOTST i WNOERATE FINE PLATY  STHRUCTURT 1 SOFY .
VIRY FRIARLF v MONSTICKY o MCAPLASTIC 4 mANY FINE ROOTS
THADUGHNUT WORLZUN 3 RANY TN S PORES ’
CORRON 10 RAKY § INE VESICULAR  pORES I FEw SAMCSTONE  FPAGRENTS  >2 »K .
CONMON  SILTSTUNL  FRAGNENTS D2 (» I MODERATELY FFFERVESCINT (FLL)
CONTINLOUS 5 POLERRTELY ALEALINE Ph= Bo4 C(ARURTHYSCL PLUF) i IRRITRARY
ROUND ARY .
A1 2. BN, € 1 e N)
LTe YELLUWISH BROWN (2.5Y 6/4) CRUSHED & VFRY FINE SANDY LDAS i
LIGHT ULIVE RROWN (2,57 5/74) CRUSHEDL ROLST i mOOFRATE FINE PLATY
STOUCTURE P OSLIGLKHTLY WARD s WEMY FRIAMLE s MONSTICHY ’
SLTGHTLY PLASTIC LI (AL ¥LOTS  THECUCKOUT WOBIZON
FINE TURULAT CONTINUNYS  PORCS s COMNON TO RANY  FINF VESICULAR  PORES i
SEM SAMDSTONE  PRACPINIS 37 wm o COWBON  STLISTORE  FPAGRENTS 32 (N '
MOOEMATELY FRFEMVESCENT (WCL)  COMTIAUOUS 3 STRONGLY ALRALINE  PH- H.e
CRAOMTHYROL BLUE) 1OMRPLIRARY  KCUKDARY
¢ . .4 52 Julhe C 4= & 1IN
LIGHT RROWNTSH GRAY (2,57 6/4) CHLSKFER 3 VERY FIME SANDY LOaw i
CIUHT DLIYE BROWKA  (2.5Y  5/4) CPUSHEL »O1ST 3 RCOERATE FInE PLATY
STRUCTURD 5 SLIGHTLY Waep v YEMY FulRRNLF o AONSTICKY v NONPLASTIC 3
N Y FINF BOLTS  THBOUGHOUT WORIZ6N  §  RANY FINE TUBUL R CONTINUOUS
PORES v BANY FINE VESICULAY  PORES 1 FFW SANDSTONE  FRAGMENTS
2 W o CONMON  STLYSTONE  FBAGNENTS D7 (M 1 PODFRATFLY EFFFRVESCERT
CHLL)  CUNTINUOUS 5 STRONGLY ALNALIAF  FH= 8.6 (BRORTHYANL 8LUF) 1 CLleam
vavy ROUNDARY ’
c ¢ 10~ S4C, € 4= 20 IN0)
LIGHT GRAY (2,57 T/2) CRUSWED 3 LCaw 1 LIGHT GLIVE BROWN (2.57 S/¢)
CRUSHFD wOLST 1 ROUERATE FECIUP  PLATY STRUCTURE i HARD o FRIDRLE
NONTTTORY v SLIGHTLY PLASTIC o PANY Fine ROOTS THEOUCHOUT WOR1Z0N 1
AANY FINE TUBULAR CONYTAUNUS PrRES I COMMON  WIRED SEDTRENTARY
FRAGHINTS 32 mN g FEM STLYSTONE  Fi sz i
SODFRATELY EFFERVESCENT (HCL)  CORTIMUOUS ¢ STRONGLY ALRALINWE  Ph= 8.8
CAROMTHYAOL WLUE) tOARRITRARY  HCUND .
{ I | 50 - 10U CFe € 20 =~ 39 IN.)
LIGKT GRAY (2,5Y T/2) CRUSHWED 4 Liaw i LIGHT OLIVE BROWN (2.5 574)
LRUSHED wOTST § O MASSIVE & mARn s FRIARLE 4 AONSTICKRY ’
SLIGHTLY PLASTIC I LORPON  FINE RUCTS  THRCUGHCUT MORTZON & WANY
FINE TUBULAR CORTINUOUS PORES 3 COMPON  WIXED STOINENTARY  FRACPENTS
>2 »n o FEV SILISIONE  FRAGMEAT 22 C» | WODFRATELY EFFERVESCENT (NCL)
CONTIMIGUS ¢ STRONGLY ALKALINE  PH= .0 (HKONTHY®OL BLUE) ' ATTRARY
WOUNDARY .
{ R 10U = 400 CRe € 3% = 79 IN.)
LIGHT GRAY (2,57 772) CRUSHED 5  CLAY LOBR §OLIGHY OLIVE BROWA  (2.5Y 5/4)
CRUSHED WOLST i WASSIVE 3 wakD o FIERM o STICKY
SLIGHTLY PLASTIC 3OFEN FINE kLt THRROUCHIUY FORIZON PovaNY FINC
TURULAR CONTINUOUS PORTS I OFEN SANDSTONE  FOACHERTS D2 We v CommON
STILISTONE  FRAGRENTS 32 CN T ORODERATFLY FFFERVASCONT CHCL)  CONTINUOUS ¢
STRONGLY AL¥ALINE Pr= BoB CRPOPTRYNCL FLUE) 3 NDT REACMED BOLNI#RY -
REPARKS Y STREP=FINE SPNILS NEAR COLSTRIP, POMTANA LEVELED IN 1932, AUG L1, 1976 SOIL VEW

P welat C AT .
UL BLUE INDICATOR GIVES PN YALUES Cof 10 1. WIGK

ER WALF OF C2 WAS MODEWATE FCIUP PLATY STRUCTURE. THYP
THAN WETER,




Table 43. Site description

SerL SERTFS:

SURVEY SapPLt
LOCATINN:
CLASSIFICATIONE

Mot

NV O L7A, NE WZ4, ST LZ&, SECT

SITE WO,z v
SLOPE ]
BIR TEWPERATUKT
SOIL TERPERATURE
MATER TAPLE:
PRECIPIIATIC
PERPEARTILITYY
PHYSIOGRAPHY
VEGETATION:
PARENT PATERIALE

Countye
LLASS®
ANNEAL T
ANNUALE
UEPThE
{ nad LM
#POFRATELY QAPID

AASINY, INTERTOR NRAINAGH
GRASSES AND FORAS AND SHRUES
SELTCHTLY VERTHERED
CALCAPELUS SANDSTONE

SEE AEMAKKS

REARLY LEWEL

At DEGREES F
NEGREES F
Cr,

Ho®LION

A1 0 - 4 (ol e
IAVK faAYTS RRIWN [R1843
COUSHEN mOLST t owiax
VERY PRIAPLE ’
KETWEEN PEOS i
TUR UL AR CONTINUNUS
MODPRATELY ALKAL INE

PANY
PUKES
Ph-

A 12 Vrw  JUCRe 1 0%
GRAYISH RRUWN  CLUYR
cousHrp mOreY i
VIvY FRIAPLF
PETMEFN PEDS i
TURIL 8 CORTTHUNUS
ADOCRATELY ALYFALINE

vANY
eners
FH-

Ao duwin WHENSL I § W T
LRAYY SH RROWN QGYe  S22)
RUSHED #O1ST i
C10YR  6/4) CRUSHFD =015T
SLIGHTILY FARD .
wany FANG
FEw b INE
NOREPAYELY FFFERVESCENY
CRE MTAYHIL RLUF) i

L1

c 1 yae
CRAYISH
CRUSHED
Clove
Clurk
VIO ik
NONSTICRY 0
NANY FIne
MNNFEATELY ALKALINE

v Ch, € ¢ ~ 4
BHOMN  CICTR
*OLST 1ovEey
6/4) CPUSKEC PCIST
320) CRUSHED
VERY (1

usf

IKRFCULAR
Ph-
¢ ¢ 19 = €, (% ¢ 4 - {9
GPAYISE REUWN  C10YR
CRUSHEL WOIST )
(LUYR  6/7&) CRUSHEDL wOIST
CROMNISH YELLOW C1CTR
ViMY DARK GRAY C(leYE
LIGHTLY HARD .
FINE ROeTS
VIOLENTLY EFFERVESCENY
CRRONTHYROL RLUE) {
50 = 100 Cw. 59 Iw
VERY DARK GRAY
oISy T LT,
Extimyon nopsT i
CluYR  #7F) CRUSHID PATILES
CI0TR - W/G) CRUSHFD CHARCOAL
SLIGHTLY waAD 0
It HGOTS  THROUGHOUT
PEOCLNT COAL FRAGRENTS
“ONEMATILY ALKAUINE PH-

¢ 20 -
ccre

10U = 150 CA. € 39 = 59 IN
LT YFLLUMISH PUOWA (2.5Y
CRUSHED WOLSY §OLRAYISH
€2.5Y  472) CRUSKEL ROTST
ARCMNESH YELLOW (19Y8
VERY DARK GRAY  (lUve
SLIEHTLY vamn .
FEW FINF unTS
AL FRAGWENTS
SODERPTELY SLWALIWE

>2 ¢
Phe

REPERESE NV 174, NE 174, SE 174, SECT

STRIP=®INE SPOILS 2T COLSTRIP,
1STA SAIL TP WP =27.0 C AT 50
7€ opy (1C vR

TvON=STAINED
ROOTS INCREASE
IS A mIxvuRf ne

CTION,  aUG. 11,
HUGHOUT wITH COLOR
B ORFLUM ONE RETER.
NR OF 10 YR 5/8.

HATRIX NF THE SPODIL

10k

he)

A/72) CRUSHID ., LODAN i
PNt
NONSTTORY .
"Lue

Hee (RRORTFYRCL RLUF) '

1IN
sr2) €
£ INE

NORETRCRY '
wEDTUN

RaZ (MEONTRYMOL

VERY FRIANLE .
WETWEER
TUBULAR (NKYINLOUS
e
areuer

POCYETS Nk CONTPASTENG
PLATY
SLICHTLY PLASTIC i
PORES i
Mok (REORTEYMFL BLUC) ]

F28) (RUSKIC
370) CRPULSHEL CRAPCOAL PANDS 0Ob -
VIRY FRLAMLE ’
THROUCHDUY wAR 20K i
(HLL)
LLLARLT LA

ViRY FRIARLE
HGRTI0N

2 C»

Eod (RROFTRYR

476) CRUSKHIE wOTTLES
N/0) CRUSHID CHERCOAL BAMDS (4 bt
VIRY FRIARLE .
THEOUGHGUT WORIZON

Bad (AROMTRYRCL HLUF) i
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of 1948 old spoil (Site No. 3).

1942 SPOILS
0 115 3
TSy T2, RAEE, L RL FAST OF COLSTRTP, *1

WONTH SAPPLEDT AUGUST
ASPECTS
WINTERD 24
WINTERY
KINDT  NC
UrrErr 02%

ELEVATIONT
KIADS
SurwEe
SUNRFRE
RONTRE  AUGDST
COMIROL SECYICN LINITS
PRATRACE CLASST WELL URAINED
STONINESSE

099) PETERS
PLANE

DfGREES ¢

DEGRFES F

WATER TABLE

CH LOWERZ 10C CP»

6F DFEGREES

¥
OLGREFS F

cLass ¢

UNCONSOLIDATED mINFPRAL SEDINENYS
ANT WIXED LITRLLOOY

PRCFILE DFSTRIPTION

VFRY DARK GRAY
sngt
FINE
FFW FINE
CONTINLDUS i
BOUNCARY .

e 37))
PUATY  STRUCTURE [
ACNPLRSTIE T PANY

IFRIGULAR  POFTS .
EFFERVESCENT (HCL)
ARRITRARY

.
acovs

3 POCERATRLY

)

RUSHEC 3 Luaw IOV 0K GRAYISH BROWS v2)
PLATY  STWUCTURE PoSOFTY
NONPLASTIC ) RANY FINE
IPPEGULAR  PORES v FEW FIME
POPOLERETRLY FFRERVESCENT (HCL) CONTIMLOLS P

PLUK) § ARRUPT SWODTH POUNDARY

C1ovm

»
pCOYS

N
CRUSKHEC 3
VEUY PALY

[y i DIRM GRAYISH REOSA  C(LOYR  472)
Tr/4) CPUSHED 4 LT, YELLCWISH BROWN
COARSE  PLATY STRUCTU®E '
AORSTICPY v+ SLIGHILY PLASTIC
PECS PORANY RECJUN  IRREGULAR
PORTS t PFW SARNSTONF  FRAGRFNTS
COMTINUNUS  §  WONFRATELY ALYALINE Fh-
whvY ROUNCARY

HRCWh (10ve
Vo P0CERATL

1
PORES '
e Cw 1
B4

b))
$/2) Lruswic v
e C

Lank T CRRE GRAYTSH RRCWM  CIUYR
C1UYP  T/4) CRUSKIC 3 LT. YFLLOWISH PEDWN
PERCENT n SILT LLAN  VFRY (80K
“ATERIALL, - C» THI(K ) H
STRUCTURT t snrt s VFRY TUTAPLF W
HANY FINE ROOTS TFROLGHOUT WORIZCN i
VIULEATLY FFEERVESCENT  (HCL)  CONTINULUS
LLLA A ROUNDBRY .

“r2y

i 20

i)
572) CRLSHIC 3
ViRY PALE

Lnen DFPK CRAVISH PEOMM  CAOYR
T74) CPUSHIE 3 LT, YFLLOWISH BROWN
coanse PRONINENT

PERCENT HARD SILT LCan
Cn o TrRICY ) i PasSIVE g
MONSTTCRY o SLIGHTLY PLESTIC i FEM
PANY FINF TRREGUL AR  FORES i
CONTENUNUS 1 ROOERATELY ALNALINE Ph= 6.4
FRUNTARY

@2y
BROWA (10UYF
i COsMON  ®EOTUR §
“CITLIS 1

et

«)
V1) CRuSKE( g
YELLOWISK RPOWM (10Ve
CormGN

Lhae 1 ALACK C10Yk  271) CRUSHED
6IA) ERTERTOR P YELLUMISE PROWA CLOYR
PELTIU® & CLAPSE PROWINENT  BRCWAISH YELLOW
PERCENT HARD SILY LDAR  VERY LARK
LT - 4P IAlCH ) 1 mRSSIVE 1

» MORSTRCEY o SLIGHTLY PLASTIC i
i CURPEN  F RS IRRFGUL AN PIKES 3

P O VIDLENTLY EFFFRVFSCENT  (WCL) CONTINUOUS '
0L ELuk) I OARRTTRARY ANUNEARY .

s18)

s
AANTS

«)
AI8) LELSKHIL

an i LIGHT NLIVE PROWN (2487
7) COUSHED § DARK GRAYISH APOWN
CPARSE PROMINEN]

PERCENT HARD SILY LGAR
CW THICK )} PASSIVE
SLEGHTLY STICKY 4 SLEGHTLY PLASTIC |
Fin bINE IRMEGULAR  PORFS i oFEw
i VICLENTLY EFFFRVISCINY  (MCL)  CONTINUOUS &
NOT BEACHED RNUNDARY

v 544)
(s 8y
BN REQTOM G

FUNN
S

26

walr
B KELEYELFD

350 Tang
T

Th 1948 FCR COUNTY RCAC CONSTRU
(4 PR AUTY GMENTS ARE CONBOK THE
240 FOIST)e LARGE FRAGAENT OF SHALE DCCU
MATERIAL ASSOCTATED WITH COAL FRAGWENIS MaS (DL
TC COMRCN TN SOFTY C POCKETS AT 110 CW, THE
FOAGMENTFD SWMALE AP STLTSTOM W!TH STLY TL




Table 44.

SPAL SERIY O

SURVEY SampLt
LOCATLONE
CABSSIFRCATION:

SIVE NOJ: o 1s
siovre 1
ATR TENFLOATURY
SCIL TFPpIEATYRS
Ted TarLi:
(LA LA R AR
PERMEARTLITY
PEYSTUGE APy
WICRORELDET

VEGETATION

ENT BATIRDS

vORLIUN

L1

LY

a2

< 1

3 ¢

¢ )

¢ .
HERRRK ST
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1969 SerILy

] 173 14
SE 174, Ne 17&, KW 174, SECT AT TAh, 9asF, & W1 SF OF COLSTRIP, »T,
COUNTYE ST PEWARKS FLEVRTIONS U9kL WETERS HONTH SARPLEDY AUGUST
CLASST  NEARLY LEVFL Kiang concave ASPECTE  MORTHWEST
ANNUALE e DEGREES § SURRERT ek DIGREFS F WINTERD 24 DEGREES F
ANKUAL 2 NLGREES F surmg NEGRERS ¥ WINTERS DEGREES ¢
1P ., RUNTHT  RULUST KINDE  AC WATER TABLE
4n (e, CONTRUL STCTION LIRITE -= UPPIRE 0% LR LOWEFI 1CC
APOEEATLLY BRPLD ORAINACE (LASST WILL DBAINED
LEVEL UF MNDULATING UPLANDS STONINESST CLASS ©
NouLhel
GPASSES ANU FORES BRD SHHUPS
sl WEATHFEREL  UNCONSOLIDZTIC ®INFRAL SETImINTS
CALCAREIUS SANUSTOAS ANL CALCARETUS STLISINNG
PUCFILE UFSCHIPTION
- I -0 INg)
VIGMT wtAY  QIuYR 7/1) CRUSHMED & FINE CANDY LOAP  § GRAYISH PROMA  C10YP  5/2)
CRUSHED mOpsT POREN TO COMMON  CPAKSE  PRUFPIRENT  STRONG WROWN (7.5 5/8)
COUNAGD ®OITLES 3 WEWY WEAK KNG PLATY  STAUCTLRE [ LA
VINY FepabLE v NOASTICNY o SLIGETLY PLASTIC i OMANY ALl RUCTS
PHADIEHOUY HORT2GN 4 wr ALY TeNrLULAR  PORES i AU PEECEN]
Alxb SEOIMENTARY  10AGRIALS 32 »» SALOLY FRTEUVESCENT (ML) CONTINUOUS %
LEAHTLY ACTE V= bey (PP PETEEY G EPKITRAMY  KOUNCARY .
fie 2 L% 6 Ve 1 )
CTGHE GEAY  CINYE  Tr/) (RUSHED 5 CANCY LUAR  § LRAYISH SRONN  (10YR  5/2)
RUSHIr ®L15T T KEW 10 CumRt CORUSE  PRESIRENT  STRONG RROBN (1,878 578)
LRl RGITUES 3 VERY wiAK  FIML PLATY  STALLTU®S 3 S0F1
viE Y FeppnLe o MASTICRY ¢ SLIERILY PLASTIC i mANY FINE RuO1S
M UULHOUT AOR 120N & RANY ALY TROFLULAY  POKES 10 PERCENT
1D SEDIRFATARY  BRAGREATY D/ ww T RILOLY FRPPRVESCENT (HCL)  CONTINUCUS  §
RULOLY ALYALINE PH= 1.5 (Kh RERER) G SPELIKARY  HOUNCARY .
. 2kRy G b 7 1he)
VEORBOWNISH GEAY CLLY4  A/Z) (RUSKED §  FINE SAMUY LW | GEAYISH BROWA
YR u20) CRUSKEL PLIST BOFfw BO LLPYEN  COBRSE PRUNINENT  STRONG AROWA
CTautE C7E) CRUSKEN mOTTLES 4 WEBY WLAK  FINE BLATY  STRUCTUSRS i SOFY .
VEAY FRIAMLE o MOASTICRY o SLIGRILY PLASITC i mawy LT ROOTS
THALUEREUT MOSTICN 1 #ANT Frae IPRELULAY  PORES § 1 PERCENT
FIRTG SIOTNINTABY  FELLDERTS 3/ WH 3 ORILOLY pFSERVESCINY CHCL)  CORYINULUS
SILOLY ALKALINE PH= T.4 (PH ®ETIE) 3 CLEAW  WAVY POUNDARY
v o 30.8%e & &< 4 N
LYGHT SPOMKTSK GPAY (10YK  £/2) CPLSPED  §  SOALY LCAR 3 GRAYISH PUnua  (LUYR  $/2)
CEASHEL SETTY i Tfw N0 CLPPIN  CTARSE PRLPINERT  STUONG ARMIWN (T.5vP S/78)
CEUSHED BOTTLFS 5 YIVY WEAK  FIAF PLaTY STPULTURS Ser1 .
VEEY BB LARLS s SLICRILY STERCRY o SLLICRTLY PLASTIC LLLM P INE
SUNTS  TEELUGADUT WURIZON 5 PAAY Fise IRKEGULAR  PORES 1 PIRCENY
BIXED LFOLRENTARY  FEAGRENTS )7 wn i PILOLY EFFLRVESCENT (HCL)  CONTINUGUS  §
NFUTAAL PH- Ba3 (PR pEIER)  §  APSTIOARY  WOUNDAKY
§6: - 9 P, € & = 20 1IN,)
CIGHT LBAY  CLOYE  7/2) CPUSKEC 3 SERTY LCA 5 LIGEY BPOWNISH GRAY CLOYR  6/2)
CRUSHIL WLIST 4 TEW IP COPRGN  CLAEST PRORINCRT  STRONG BRDWN (1.570 S/8)
CAUSHFD WETTLES 3 PEWCLNT VFEY KABL  ALACK  C10YR  2/70) CPUSKED
CHARLOAL PANTS 1( = P OYHICR ) T SAS'IVE B SOFY o VEHY PRTABLE 0
ey o NORPLASTIC P BT TN BLOTS  THKRUGHOUT WLPT20N 3
YANY bANT TRRIELLAK LOUTEY i L PIRCHNY RIREL SIOTRENTARY FRAGWENTS
P §oOoRILDLY FRFPAVESCINY (HCL)  CONTINUOLS LOLY ALKALINE PH= 1.5
(PH ALTER) 1 ARETIMARY  BOUNERRY .
Su = 100 e, € 2L - I8 IKe)
vHl T Cho¥e  R/1) CPUSHED §  LEPSY SEAS LILHT GIAY  CLOYR A7) CLPUSHID
FEIRY I bFw COBPST PROWINENT  STRONG PhOwN (1,479 578) COUSKED MDTTLES 1«0
Ve CERT WERY WARD  BLACY  CIUYP  (/C) CRUSKEU CHARLEAT PANDS 10 - —th YeicE Y 8
v ™ 5Pkt ¢ VIRY BRIIALY v MORSTECKY v NONPLASTIC BALEEE
VNS ICUTS  THEOUCHOUT MOBTZLN 5 FEuw FINE TURLLA® CONTINUNUS  POPFS |
FOACERT wIXEL SFUTRENIANY  FRAGRINIS 37 e 3 ORTLPLY FFFEOVESCENT (HCL)
CONTIRUALS 1 PTLDLY ALEALLAE PH= 1.6 (P4 ®ETEM)  §  ARRITREK FcusnaRY .
LIr - 207w, 39 = 49 In.)
LIGHY LAY (10 T/71) LRUSHEC $OLLAPY Saar 3 OLTGHT ARTUNISH GRAY CILYR  #72)
LANSHED ALTST TOLIGHY GPAY  C1LYR  T/2) LHUSHED PALE MROWN  (JUYK  6/3)
KUSHEL NOIST PoRASSIVE ¢ SR v VEEY FRIARLF y MORSTICRY .
CNPLASTIC AT KEOTE TREIUGADUT WOBIZON & F W FINE
TURULAR CONTINUNUS  #ORFS 310 PERCENT WEXLU SEDIWERTARY  FRAGRENTS 2 '
VILOLY FPFERVESCENT (FCLY  LONTINLEUS §OMTLOLY ALWALTNE Po= 7.6 (Ph WETER)
AL SEECKED ROUNDARY
P IP-mING SPRILS NI A8 COLATHIP, WONTANE LEGRADEU AN 1965, AUG. ey 1976 SOLL T
Y 16,5 € AT 50 Gy 200TS IN f4 PICLIFFRATE IN SUFT (DAL F EN1S.  PANY VE
Y OFIM KOLTS TN UPPER MALT OF £72, ®0SS WAT | (W IWICK COVERS SURFACE, POCKETS
OF ALAVY LUAM MATERTAL COPPRISE 1C8 CF WwALURE, 2C1 CGAL T0 & DEPIM OF UNE RETE
o CONCENTRIC TROM=STAINED 2 €Wy RINCS (7.5 YR 5/78) AR ASSOCIAVEG wITH CCAL PO
CXETS. TWE PIND 1S SEPARANED FRC™ THE (OM AL P LEYER OF GYPSUR, AFFECTED
can TAENS PYRITE, PR 08 BWE PECLCTED (Ll [% Jady THE INSTUE NF THE RIND T

Site description of 1969 new spoil (Site No. 14).

o



Table 45.

SOIL SERTESt
SURVEY SAWPLE NI
LCCATIONT

CLASSIFICATION?

.

SITE NOWt
SLOPEY ‘
AIR TERPERATURE
SCIL TEWPERBTNEE
MATER TARLF!
ECIPITAYIDNE
PERBEARILITY:
PEYSTUGRAPHY:
PICKORELTIFFE
VEGETATIONE

ENT BATERTALY

15

HORTZON
s n
)
LI
Al
c 1
< <
« 2
[ .

138

Site description of 1970 new spoil (Site No. 15).

1910 SPeILS

¢
SW 124, SFCT LT 11N,

113 1%
WA2E, S W1 SF OF COLSTRIP, NWT.

NE 174y NE 174,
COUNTYE SEF REWARKS FLEVATIONE 0981 REFIRS ROMTH SAPPLEDT AUGUST
CLAS.LT  GENTLY SLOPIAG KINDE CUNCAVE ASPECTE  SOUTHEAST
ANNUAL: 46 DEGREES F SUSMERT 4 OFGREES F MINTERD 24 DEGREES F
ANNUALY DEGREES F SuRRL R NEGREFS ¥ LALALA R DEGREES F
NEPINY cr. ROMTES  AUGUST KINDT  AC MATER TAALS
AU (% CORTRNL SECTION LIRITS UPPER: 02% CM  LOWEKRE 10C €W
“ODFLATELY wAPLD DRAIRAGH CLASST WELL D
LEVEL R UNDULATING UPLANDS STONINESST CLASS
UL BB IS
GRASSES AND FORRS
SLICATLY WEATHERFC  UNCONSOLIDATER ®INERAL SERIPENTS
CALCAREQUS SANDSTONE AND CALCAREOUS STLTSTONE
PRCFILE DFSCRIPTION
0 - L B o ¢ INhe)
YOLLUWISH HPOMN CLUYP  5/4) CRUSKFEC 4 FUNE SANDY LNAK § DK, YFLLCWISH BROWA
CLUYR  474) CRUSHEL »OIST IowEa FUNE CRANULAR STRUCTUY i SOFT N
VERY TRIARLY s ACNSTICKY s NONPLASTIC & WANY FINE o1s
HATTED AROUND STOMES AkD PERBLES 1 PANY FINF IRREGULAK  PORFS i
WODERATELY FRFERVESCERT (H(L) COMTIRLOVS 1 AODFRATFLY ALEALINE Pr- A0
CHEURTRYROL RLUF) I MRRITRARY  BCUNLARY .
- 2Che € ¢ 1 i%)
YELLOWISH PROMN (10YF  €/4) CRUSKED 3 FINE SANDY LD 3 OF. YELLOWISK RROWN
C10Y3  474) COUSKED POIST iowEax FINE GRANUL STRUCTUPE 1SRN .
VIRY FRIARLE s NUNSTICWY v ACAPLASTIC 4 WANY FINE pOOTS
MATTEN AROUND STUNES AND PERALLS 8 EANY 1IN IRREGULAR  PORFS '
WONTAATELY FFFERVESCENT (WCL)  CONTIRLOUS ¢ SCOFRATELY ALEALINE Pr- 8.0
CRROMTHYROL BLUF) 3 ARETVAAKY  BOUNCARY .
[ B CRe - R4 @ 2 Ny
YELLOMISH RBOWN CRGYM  5/74) CRUSKEC 1 FINF SANDY L0AF | DK, YELLOWISH EROWN
CLUYR  474) CPUSKEC w0181 iowiee FINE GRANULAR STRUCTURE 1 snFY .
VERY FRIAPLE v  NORSTICKY o NONPLASTIC L FINE ROOTS
“AITEN AROUND STONES BND PLEBLES 1 PANY Fine TRREGULAR  FORES '
“NDFRATELY FFFERVESCIAT (WCL)  COMTINLLUS  § WODFPATELY ALKALINE Ph- 8.2
(RRUNTHYROL PLUED i amsupy CHFR ROUNDARY
s = 10 Cm, - 4 W)
LEGHT AEOWNISH GRAY CAUYH  #72) CRUSHEL 3 FINE S Y LOAR 3 KROWA Qo s5/3)
CRUSHIU wOLST Poweax PLALY  STRUCTURE I SUIENTLY HARD '
VERY FRIANLE o ALNSTICKRY o NONPLASTIC 8 WANY FINE “rors
MATTED AROUND STONES ANN PEASLES 1 COmRON  FINE IRREGUL AR PCRES t FEv
STLTSTONL FRAGMENTS p T34 4 I MUDERATELY REFIAVESCENT (HCL) CONTTIALAUS 1
BOOTAATHLY ALKALINE PH= o4 (RROPTRYNCL FLUE) i ARRITRARY  ROUNCARY
1n - so ca, C & - 20 IN.)
LIGHT GRAY CIUYR  7/72) CRUSHEC  SANDY LUAR 3 PALE BROMN (1LYF  6/3) CRUSHEC
w0rst 310 PERCEM] VEKY WARC  SAROY LOAR  YFLLOWISK RROWN C10YE  $78) CRUSHEC
PULKETS UR CONTRASTING “aTLRIALOR - CM THICE ) 3 BASSIVE §  SLIGNTLY WARD 0
CRLARLE  ,  NONSTICEY v NORPLASTIC 3 CONRON FINF RONTS
THAGULHOUT HORTZON 3 FEw IS TLEULAR (ONTINUOUS PORES '
SODIPATELY FEFERVFSCINT (K(L) COMTIRLOUS 1 STMONGLY ALKALTNE Pre Beo
CRKORIHYROL "LUE) ICLIAL wruwcesy
50 = 100 C®, € 20 - 39 1M.)
LTGHT GRAY CIUYR  7/) CRUSWED & SARLY LOA® 3 PALF BROWN (10YS  6/3) CRUSHEC
“ntst § 10 PERCEAT YERY MARD  SANGY LGAR  YELLOWISK BROWN CLUYR  5/6) CRUSKHFL
POCHETS UP COMTRASTING WATLRIALLE = (w THICK ) i WASSIVE 1 SLIGHTLY WARD .
VERY FRIADLE s ACRSTICNY « NOWPLASTIC 1 COWPON  FINE PLOTS
THROUGHNUT HORTZOM & Hiw FINF TURUL AR CONTINUNUS  PORES i FEW STLISTONE

PRAGRENTS  >2 C» i POLFRATILY f

STUONGLY ALKALINE

FRERVESCENT (NCL) CoNTINUOUS i

Ph= Ruf CRRUBTHYADL HLUF) i ARBITRARY  ROUNLARY
100 = 200 LAe € 35 = 79 IN,)
LIGHT GRAY CLOYR T/.) CRUSWED §  SARCY LOAR | BOOWK  C(10YR  S/3) (RUSHFU
mopsy 3 MASSIVE i SLIGHTLY W s FRIABLE , NONSTICKY v NONPLASTIC i
CONRON | INF ROCTS  THEOUGHOUT WORIZGN 1 Fiw FINC TURUL AR CONTINUOUS
PORS S 320 PERCEAT SANDSTONE FRACRENTS 2 (» 1 WODFRATELY FFFERVESCENT
(mCL) LONTINUOUS 1 STRONGLY ALFALINE (L0 (FRORTRINNL RLUE) ]
NOT RFACHTD BOUNDANY
STRIP=MINE SPOILS NEOR COLSTRIP, PUNIANA REGRADFD IN 1970, AUG 11, 1974 SOIL IF

WP 2 (1a0 € AY 50 CPo ALL THROUGE M)
NE AND SAROSTONE FRACRENTS,
6 (),

MIGHEE THAN RETER,

LETILY Coat
CONRON FINE RLOTS TN UPPEN RALH

3 CONSESTS uF
CRSERVED,
or Cd.

TOPSOTL WATERTAL, 10% SILTSTO
FEV FERRUGINUUS CONCRETIONS
THYROL BLUE GEVFS Pr 0.5 TD 1.C




Table 46.

SPIL SERTESH

SLRVEY SaWPLE NO.2
LOCATIONY
CLASSIFICATION?

SITE NO.r 0 1)
sLoers 1
AIR TEWPERATURE
SCIL TEPPEPATURE
WATER TamLt:
PRECIPLIATINNY
PERMEABILIVY !
PEYSTOGRAPHY
SICRORELIFF?
VECETATION:

PARENT BATERTALL
HORTZON
L] 1"
A2
A1
Ao1s
£ 73
c ‘
C 3
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1912 sPOILS

n

[] 17y
NM 174, NE L76y NE 174, SECT 18 1IN PAE, 4 WD SF OF

COLSYRLIP, w7,

Site description of 1972 new spoil (Site No. 13).

COUNTYS SEe REMARKS ELEVATIONE 1015 NETFRS MONTH SAPPLFOT AUGUST
CLASSE  GENTLY SLOPING KIND1 CONVER ASPECTT  WEST

ANNUALL 46 DEGREES F SURMERT &% OLGREES ¢ MINTERT 24 DEGREES F
ANNUALY NEGREES 7 SUFPER: NECREES ¢ MINTESY DEGREES F
utPlde co, BONTRE  BUGUST KINDE  NC WATER TABLE
140 oy CONTROL SFCTION LINITS =~ UPPER: 02% Cw LOWERS 100 Cw
NDERATELY RAPIO DRAINACE CLASST WFLL DRAINED

LEVEL OR UNDULATING UPLANRS STOWINESST CLASS ©

NN SLOPE

GRASSES AND FURBS

SLIGHTLY WEATHERE( UNCONSOLIDATED wINERAL SEDINENTS

CALEAREOUS SANDSTOME ANG CALCARENUS SILTSTONF

PROFILE DESCRTPTION
0= AR, € 6= 0 IND
C10YP  270) CHUSHED 4
IOVIRY MEAK  FLME PLATY  STRUCTURE
1 OSOET s VERY FRlABLL '
BUOTS  THROUGHDUT KOMIZON ¢
ChCL)  CONTINUOUS 1 KEUTeRL

FINE SANDY LUAR )

rini
NOMCALCARTONS
ROUND AR Y &

Y
Pu-

" LE% U4 1IN

INISH AROWN C1OYR  574) CRUSKEC 3
LLIEN TOVEAY MEAK  FIAE PLATY
CRANULAR §oSO0kY s  VERY FRYARLI
FINE RODTS THROUGHOUT KORTZON 4 RARY
FFFERVESCENT (ML) CONTINUOUS i NPUTRAL
BOUNDARY .

I
Yre
CRUSHED
nEDTUR
ANy
sILOLY
ARBLTRARY

SANDY LOAY

= 1
YR 5/4) CRUSKED & SANDY LOAW
wEAK PECIUP  LRANULAR
KOKSTICKY s NOCWPLASTIC i
FANY FINF TRATGULAR

RILOLY ALKALINE PH= 7.5 (PH

2 - SCh. C
YELLOVWISH sROwN (10
CRUSHED mEBLSY i
YERY FRIARLE »
THROUTHOUT HORTZON &
(HeL) CONTTINVOUS '
ROUNOARY .

o S IR 4 ING)

BROMN C10YR  5/4) CRUSHFL 1 SANDY LDaRm
YeuY WEAR  PECTUP  GRANULAR
AONSTICKY s NOAPLASYIC i
§wANY FINF TARFGULAP
ATLOLY ALEBLINE PH= 7.5 (Ph

YELLONISH
CRUSHE® WOEST ¥
VERY FPTARLF .
THROUGHOUT HCPIZCN
(HCL)  GONTINUOUS i
AMINDARY
(2] 4 - 20 18D
€/71) CRUSHED | SANDY LOANM 1
MISSIVE 7 SCFT s VERY FR1
NONPLATTIC 3 COWRON  FINE ROFTS 1HRUUGHOU T
IFRFCULAR  PDRES i POCERATELY FFFERVESCENT (HCL
MILULY ALKALINE PH= /.6 (PW METEP) § ABRITRARY

U o R
PALE RHOMN  C10YE
CRUSHED ®WOEST 1

10 -

€ 20 - 49 Ine)

CIGHT GRAY  (10YR T/2) CRUSHFD 5 SANDY LOA® g
wnrer i 20 PERCLAT SOFT SANDY LDAN  LIGHT 6¥
- (% THICK ) 1 wASSIVE 1 subY VEKY ER]
NONPLASTIC 3 FEw FINE woors TEROUGHOUT HORTZ
PORLES 3 MCOUERATELY EFFERVESCINT (kr(L) ContInue
(PH ®ETER) 1 ARBITEARY  AOUNDARY .

- 300 L.

100 = /006 €% € 35 = 79 INg)

LIGHY GRAY CUDYR  7//) CRUSHED § ¢
mOLST 320 PERCEND SIFY SAADY L
NANDS  US - LW THICK ) P omASSIVE
NONSTICKY v RORPLASTLC TOFEw FINE
WOOERATELY EFFERVESCENT CFCLY  (ORTIALOLS ¢
NOT WEACHIC RUUNDARY .

AOY LOAR ]
REODISH
snEy
ROGTS

STRIP=MTINE SPOILS KE&K COLSTRIP, WONTANA REGKADED Ix
NP =19.0 C AT SC CM.  ALI THRCUGH B14 PATERIAL ARE
VIOFU PYRITE AND GINES YELLOW PNWDER 1K COAL
1 Cw BANDS OF TRON=STAINED DEPOSITS. SWx 10 1 Cx OF
ONMNWIND FROM COAL=LUADER) . MORIZONTAL AT UF
GHAY SHALE BAND. ROOT LINTTED PPIMARILY 10

fLacx
PARTING T0
RORSTICKY .

1
6.9 (PH RETER) '

STRUCTURE

STALLTURE '
FiIne L1
PORFS )
RETER) 1

mANY
POKES i
YETER) i

CULRPITY '

MILOLY ALMALENF

FRAGREMTS,

®00TS A1
UPPER MALF

[SLAL)
LA L

LR Ll

L
PARTING 10
s NONSTICKY .

FINF

PH= 7.2 (PH FETER)

YELLOWISH
snfY

i Da,

ANy
wILoLY

4 ON. YELLOWISK BROWN C1CYR
SOF
rOOTS

STRUCTURE ]
FINE

RILOLY
ARRUPT

TFLLOWESH BROWN (10K
NOMSTICKY 0

APLE ’
(LI
) CONYINUNDUS i
ROUND BRY .

PALE PROWM
AV (2.%Y

ARLE '
O 5 FFW FINE
us §oMILOLY

Ceve

PALE AROWN (LUYR
TFLLOW
s VERY FRIARLF

THROUGHOUT MORIZCH
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Table 47. Site description of 1973 new spoil (Site No. 12).

SUlL SemTEST 1973 sPCUILY
SURVEY SARPLI AC.3 [ 17y 12
LOCATIONS NV L/4y NE D74, N D74, STCT LE Tih, B420, & WD S§ CF CCLSTRIP, N1,
CAMSSIFICATION?
SITE AOLT O 12 COUNIYE SEE RENARKS FLEVITIONT 0997 WETERS MONTH SARPLEDT AUGUST
SLOPEt 1T CLASS!  WUDERATELY SLU XINDI CONCAYE ASPECTT  ADRIM
AIR TEWPERATURE ANNUALE 46 DEGREES ¢ SUMRER ST &k DEGREES ¢ VINTER: 24 DEGREES F
SOIL TEPPEMATURE  ANNUALY OFGREES F Surmieg DEGREES *# VINTERD DEGREES F
MATER TARLEE NEFTHE e, PURTEE  ALGUST KINDY RO WATER TABLF
PRECIPITATION? CONTRUL SECTION LINETS == UPPERT 02% €W LOWEPE 1CC Cw
FARILITY? DRATAAGE CLASST WELL DPAIAED
PEYSIOGRAPHY T ROLLING OR HILLY UPLANDS STONINESS ! CLASS ©
RICRORELTEFT un SLoPt
TATIONS GRASSES AND FORRS
ENT RATERTALY  SUIGHILY VEATHERED  UNCONSOLIDATFD WINEWAL SEOINENTS
CALCARIDUS SANDSTONF ANC INTERBEDDFD SHALF AND STLTSTONE
neRizon PROFILE CFSCRIPTINN
A Y= P.LWe .G » 0 ing)
ARUMN  C1OTR 5/3) LRUSHED |  LOA® i BRLWA  (10YR  473) CRUSKED WOIST i
“iAK FINE PLATY  STRUCTURE 1 snFy s VERY FRIABLF 0
SLIGHTLY STTICKY 4 SLIGHTLY PLASTIC i mANY FINE ROOTS
THROUGHNUT HORTZON 5 COPWON  FINE IVRFGULAR  PORES I FEW SANDSTONE
IPAGRENTS 37 Ch i WOCIRATELY FFFEBVESCONT (WCL)  CONTINUOUS
NILULY ALKALINE PM= 7,6 (Pn WE1E8)  ;  ARATTRARY  HOUNDARY .
Y L= 2(% € €= 1 1N
PALT HROWA  C1OYR  6/4) CRUSHED & LCA® t PROMN  CIOYR  4/3) CRUSKED XOIST ]
vinr It PLATY  STHRUCTURE 1 st v VERY FRIABLE .
SLIGHTLY STTCRY ,  SUIGHTLY PLASTIC i wANY FINE ROOTS
THAUUGHIUT NORTZON 1T COmMON  FINF IRREGULAR PORES 3 FIV SANDSTONE
TRAGHENTSY D2 C# §OMGUFRAYELY EFFERVESCINT (KCL)  CONTINUNLS ¢
WILOLY AUKALINE PH= 7.5 (Ph ETER) ¢ ARATTRAKY  SOUNCARY .
A 13 ¢ - 0% T T L]
PALT MRUWN  CLOYR  673) CRUSHED §  LDAF 1 BROWN  (10YR  4/3) CRUSHED »OIST ]
vEAK REDTUR  GRANULA® STRUCTLRE i SLIGHILY waRp s VERY FRIAMLE .
SLIGHTLY STICKY 4 SULIGHILY PLASTIC 3 ORANY FINE ROOTS
THROUGHOUT WORTZON 1 FANY LY IRRFGULAR  PORES 3 FEW SANDSTONE
FOAGRENTS 32 Cn 4 MOUFRBTELY [FPFEPYFSCENT CRCL)  CONTINUOUS
CILOLY ALKALINE PH= 7,5 (PH WETER)  ; APOITRARY  AOUNCARY
Y S < 10CR € 2 4 IND
PALE BROMN  (10V 6/3) CRUSKED §  LCaw 1 LIGHY DLIYE sROwA (45T 5/78)
CRUSHED wOIST L PECILF  GRARULAR STAUCTURE i SLIGRTLY Wakp .
FRIANLE p SUTGHTLY STICRY , PLASTIC & COPMON 1O WANY FINE ROOTS
THRCOGHNUT WORTZ2ON B CORRON  FINF TRREGULAR PORES i TEW SANDSTONE
FRAGYENTS 32 € TOMODERATELY ERFEGVESCENT (HCL)  CONTINUOUS 3
MILDLY ALKALINE PH= 7.5 (PN METER) 5 #e0UPY  wavy PCUNDARY
4 1 10 = 50CAe € &4 = 20 IN,)
LIGHT GRAY €2.5Y 7/2) CRUSKED & SANCY LOA® | LIGHT OLIVE BROWA (2,57 5/4)
CRUSHID ®O1ST 3R W VIBY COARSE PLATY  STRUCTURE i SCFY s
VERY FRTAnLE s SLIGKTLY STICKY ,  SULIGHTLY PLASTIC i COWeCA FINE
ACOTS  ITHROUGHOUT WOPTZON 4 FEW FINE IRFELULAR  PORES I FEw SARDSTONE
KENTS 32 O T FUDERATELY FPFERVESCENYT (WCL)  CONTINUOUS 1t
ATLOLY ALRALINE PN~ F.5 (Ph RETER)  ; AWBUPT  WaVY BOUNDARY
(90 S50 = %0 Cw, € 20 = 31 1IN,)
PALE YELLOW (2.5Y 7/7) CPUSHIU 1 SANDY LODA® & LIGKT OLIVE BROMA (2,57 5/4)
CRUSHED WOLST 1«0 PLOCENT HARD STLTY CLAY LOAR LIGHT GRAY (5Y7/2) CRUSHFO
HANDS 0% LIS (L) PASSIVE 4 sy v VERY FRIANLE N
SUTGHTLY STICKY o SLIGHTLY PLASTIC VOFEN FINE ROOTS  THROLGHOUT wORIZON 3
fEu FINE IRREGULAR  PORES § EPw SAADSTONE  FRAGRENTS > CF 1
NODFRATELY PEFFERVESCENT (HCL)  COMTTRUOUS  § WILOLY ALRALTWE Ph= 1.5 (PF WETER) 3
APRUPT  WavY BOUNGAEY
B ) WU - 100 Coe € 31 = 39 IN.)
LIGHT GRAY C5Y7/2) CRUSWEC & STLTY CLAY LOSP § OLIVE GRAY (SY5/2) CRUSHED
CUIRY S 1 20 PENCEMY WARD SILTY CLAY LOAN LIGKT GRAY (SYE/1) CRUSHED BANDS 2C
- LR THILK ) 3 MASSIVE 1 kaEn y Flww v STICKRY s PLASTIC § FiW
SILISTONE  FRAGRENTS 32 (W I MCDFRATELY EFFFRVESCERT (HCL)  CONTINUOUS &
FILOLY ALVALINE PH= 7.5 (Ph ®ETER) 1 AWRUPL  WAVY BOUNDARY
S 100 = <00 (™ € 36 = 79 IN,)
PALL YLLLGW 2,57  774) CRUSHED §  SANDY LUAM | LIGHY OLIVE APGWN  C(2.57  5/4)
CRUSHED MOLST 3OmASSIVE 1 SOFT o VERY FRIABLE s NONSTICHY 0
SLIGHTLY PLASTIC T OMOCERATELY FFFEMVESCINT (hCL)  CONTINUOUS 4
MILOLY MLEKALINE PH- 7.5 (PW WETER) & AOT QEACHED ROUNDARY
REPARKSE STAIP-RINE SPOILS MEAR COLSTRIP, WONTANA TEGAADED 1IN 1973, AUG 12, 197¢ SOIL 1€

WP 22,0 C BT 53 C WANY WERY FIRE SOOTS ANC COMNON YERY FINE PO
O L™ CF Cle UAPALLAE IW UPPER C2 FESTRICTYS ROGTS 10 VERVICAL F
NED COAL TN C) AND C2. ALY THEOUGK ALG A%F TOPSOTL wATERTAL,

FS Iv upreEr |
CTURES, 5% HAM
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Table 48. Site description of 1975 new spoil (Site No. 11).

SCIL SERIFSTY 4918 SpEm s

SURVEY SAMPLE NO.1 0 1
LCCATINNY NE 176y MW 1740 N R/&, SECT 0k Ty PAck, & FI SF OF COLSYRIP, »7
CLASSTFICATIUNY

SITE NPe: ©C 11 COUNTY: SEE REMARKS ELEVATIONE 0995 METERS MONTH SANPLFD: AUGUST
SLOPEL 1 CLASSI  WIARLY LFVEL KINCE PLANE ASPECT
BIR TEMPERATURE ANNLALT 44 DEGPEES SURPLRT Ak DEGRELS F MINTER: 24 DEGREES F
SCTL TEMPERATURE  ANNUALY NEGPFES F Suswgay HEORFES ¥ WINTER: DECREES F
WATER TABLE! AT cn. WONTHE  2UGUST KINDE  AO WATER TARLF
ECIPTTATIUN AU Cw, COMIANL SYCTION LIRITS == UPPERT 25 Cr  LOWER: 10C C¥
PERMEABILITY ! MODERATFLY SLOW ORAIBAGE (LASST MODEFRATFLY WELL CRAINEC
PEYSTOGRAPHY ! LEVIL R UNDULATING UPLANCS STOMINESS: CLASS 1
PICRORELTEFS N SLOPF AND NEPRESSION
VEGETATIONE CRASSES AND FORAS
PARENT PATERIALT  SLTARTLY WEATHERED  UNCONSOLIDATEC INe kAL SFOINEATS
CALGAREOUS SAKDSTONE ANC INTFRBEDCEC SHALE AND STLTSTCNE
HURTZUN PROFILE DFSCRIPTINN
L J= Y v - 1 (0 ¢ 0~ AR LTS ]
BALT PROWN  CL1OYR  677) (RUSHEL 5 SANPY LOAR | WFAK FINE PLATY
STRULTURE § SuFY v VERY BRLAPLE NORSTICKY s SLICHILY PLASTIC '
PEM L INE ROOTS  THRNUCKOUT WORIZEN 3 WANY FINE VESTCULAR  PORES i
FFl 5 ANDS TN FRAGPIRTS 37 € i WOCERMTELY EFFFRYPSCENT (WCLJ  CONTINUCLS 3
FRALELY ALFALTRE Ph= 8.3 (Ph PETER) | ARGITRARY  BOUNDARY .
3012 Jom L B, oG & 3 NG
PALE PROwh  CLUYR  £73) CRUSKHED §  SANCY LNAR DK, YFLLOWISH BPOWN CL1OYR  474)
CHUSHIL »C1ST PowEAr ALY PLATY  STRUCTURE i SOFY ’
VIRY TRIAPL s NONSTICKY s SLICMILY PLASIIC i FFW FINF ROCTS
THKOUCHOUT WORTZON 3 Fiw 10 CORPON  FINE VESTCULAR  PORFS 1 FFw
AANOSTONE  FRAGRENTS D2 Cn i MCOVRATELY FREOVESCENT (HCL)  CONTIALOUS ¢
ST4ONOLY ELRALTNE Fh= #al (P PETER) ARKTTRARY  POUNDARY o
LI &) £-% SCee € ) = 7 Ing)
PALT PROMN  C10¥R  €73) CPUSHED 3 SARDY LOAP 3 DF. YELLOVISH BROWN (10YR  474)
CRUSHID WOLST 1wk COMKST  BLATY  STRUCTURC i SOF1 .
VERY sRTARLE ¢ ALATIICHY SLICHILY PLASTIC 1 FEW FINE RoCTS
IMAOUGHOUT HORTZON 1 1iw 10 I VESTCULAR  PORES i FEW
SANDSTONE FOAGHERTS  >7 (™ i RCOTZATELY EFFERVESCINT (HCL)  CONTINUOUS
MODIHATILY ALRALINE Fh= B0 (Pk ®ETTw)  § AVBITRPARY  EOUNDARY .
A 14 S - 10 LR, € 4= & IN)
VALY BHOMA  CLOYR  6/3) COUSHLL 3 SANDY LCAR  § YELLOWISH BRGWA (LUYR  $74)
CRUTHID wOTST i wNEAw COARST  PLATY  STRULTUSE 1 SLIGHTLY kARD .
FALANLE 4 RANSTILYY s SLAIGKTLY PLASTLC 4 FEw FINE ROCTS
THYUNGHDUT MORTZCA 1 11w FIAG TUBULAE CONTINURUS PORES s COWPON  FINE
TRSTLULAY  PARES PoofW SARDSTUNE  FRACRENIS  >2 CF
MOOTUATELY TRLIRVESCIPT (ML) CORTINUDUS ¢ MOGERATELY ALKALING Ph-
(PH “ITHe) ; ARKTIHAOY  LUUNCARY
A28 19 = b tm, € 4 - 11 IND)
PALY RENWA  (10YR  671) CRUSHIL §  SANDY LGAW i YOLLOWISH BROWN CLUYR  5/4)
CRUSHED wnTey BORASHIVY 3 SLIGMILY wARD v FRLRRLE  ,  NONSTICKY .
SLTOHILY PLASTIC 1 RPN FINE FCOTS  IPROUGHOUY ¥CRIZON 3 FEW FINE
TURUL AP CONTIRURUS  PLEES 3 OROCFRATILY BFFERVISCENT (WCL)  COMTINUCUS
STROUNGLY MUKALIRE  Ph= cof (PN WETER) G ARRWPT  wAVY BOUNDARY
c 1 W - 89 (% C 1) - 20 INg)
LIGHT GRAY (5YTZ1) FRUSHED 3 LCAW I LIGHT GRAY  (SYes1) (BUSEHFL WOISY i
“ASSIVE i SLIGRILY WARL s FRIARLE 5 RCASTICKY s SUIGHILY PLASTIC i
AODESPTELY FFFEAVESCENT (HCL)  CONTEMLONS 1 STPONGLY ALKALINE  PH- B.A

(PH wtli®) i ARBITRAPY BOUNDARY .

A S0 - BU (%, (26 = 51 Ine)
LIGKE GRAY €2,5Y 7/2) LRUSHFL & LCaw §OLYCKT BROMNISH GRAY (2.5Y /2,
CRUSHIG ®0LST 3oAassive 1 SOFY o PRIAPLE  ,  KONSTLCKY ’
SLIEMTLY PLASTIC 1 FEM SANDSTIN FSALNIATS 32 O 1
MONYABTELY FFFERVESCERT (FEL)  CORTIMLILE 3OSTEONGLY ML
CPI METER) 1 ARKUFT  wAvY POLALIRY
e 9 BU - 100 CE, € Y1 = 19 INg)
H1OGRAY  (5YI/)) cRTEMI(E P 3 LIGKT GEAY (SY6/1) EXTIRLCR
ABL i MASSIVE 3 SLIGHILY kAbL s FRIARLE . MONSTICKY '
SUICHTLY PLASTIC $ YEM SANDSTONS  FRALKERTS D7 Cp i
NODFWATFLY FFEFRAVESCINT (HCL)  CONTIMUGUS 3 STRONGLY ALEALENE  PH= AT
PV METFW) 1 ABRUKT  wavY FOUNDARY
$er: § W00 - 200 L% (35 = 79 1N)
LYGHT GRAY  (o®Y  77/) CRUSKHEC §  SARCY LCA® ¢ LIGHT BROWNISH GRAY (2,57 ¢/2)
CRUSHED mOTST oRMSSIVE 5 SORT v VERY FEIAPLE s NONSTICKY *
NONPLASTIC i MODERATELY FRFERPVESCFNT (MCL) CraTIsunus B OSTROMCLY ALNALINE
PH- A,6 (Ph WETES) 3 NOT PEACKEC PRUNDARY

SICTP-RINY SPOILS MEER COLSTETP, WUNTANA AFGAADED TN 1975, AU6 42, 1576 SOIL T
Pup 273,0 L AT %0 C RECTY aBb TEEL AT IKf Y0P CF TkE Clo PROFILE 1S ®OISY
ARLOW 80 CWe  ALL THPLUGH A, HORIZONS Ru7 TOPSOTL SaTER AL,
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Table 49. Laboratory analysis of Chinook undisturbed soil
(Stte Nouiadl)s

SOIL CLASSIFICATION-ARINIC HAPLOBNROLL Jo S. DEPASTMENT OF AGRICULTURE
CCARSE~LODAMY, MIXSD SOIL CONSCERVATION SERVICF, MTSC
SERIFS = = - = = = =CHINODK NATIONAL SOTL SURVEY LABOFATORY
LINCOLM, NTBRASKA
SOIL NO - = - = = = ST6MT-087-1 COUNTY - - - POSERSJD
GENERAL METHNCS- - -1A, 1B18, 2Al, 28 SAMPLE NOS. T6P0534-T6P0537
DEPTH HORIZON (= = = = = = = = = = = = = - PARTICLE SIZE ANALYSIS, LT 2M¥, 3Al, 3AlA, 3A1B - = = = - = = = - 1PATIO
FINS ( ~ = = = = SAND - = = = = = )(- = =SILT- = - =) FAML INTR FINE NON- 801
SAND SILT CLAY CLAY VCOS COPS MFDS FNES VFNS COSI  FNSI VFSI TEXT 11 CLAY C03- 15-
2-  J05- LY LY 2- I= 5= <2%5- o10- <05 <02 .005~ SAN) .2~ TO  CLAY BAF
.05 .002 .002 .0002 1 5 o235 10 .05 .02 002 002 2-.1 .02  CLAY 10
o™ (- = = === === === == - === =PCT LT 2MM = = = = = = = = = = = = = = = - =) PCT PCT CLAY
000-010 Al 66.8 23.1 10.1 .3 5 3.4 43,6 19.0 14.2 8.9
010-050 82 67.4 20.7 11.9 -3 .8 3.9 45.8 16.6 8.7 12.0
050-100 B3CA 68.8 18.6 12.6 .8 .7 3.5 45.5 18.3 11.7 6.9
100-200 2Al8 55.9 26.2 17.9 .1 .6 3.5 37.2 14.5 14.0 12.2
JEPTH (PARTICLE SIZE ANALYSIS, MM, 38, 381, 3B82)( BULK NINSITY )(- - - -WATL& CONTENT- - = -) CAFBONATE
NOLle (= = = = a s = J0iGHf =« = =& = == ) 4A1D  4ALH  4DI 4B1C  4BLC 482 4C1 6£18 3A1A B8ClA BCILE
GT 5T 75-20 20-5 5-2 (% 20-2 1/3- OVEN COLE 3710 173> ' 1%= We ) LY LY 171 172
2 75 «074 PCT BAF ney BAF BAF BAR cM/ 2 CACL
PCT PCT (- =-=PCT LY 75 - - = ) LT20 G/CC G/CC PCT PCcY pLTY (o] oCY

000-010 TR 0 0 TR 1 1 1.3 A 6.3 TE T4
010-050 1 0 0 1 1 2 l.41 1l.41 .000 10.9 5.4 .08 4 T.7
050-100 2 0 0 1 2 2 le4 A 5.4 12 8.0
100-200 TR o 0 TR TR TR 1.31 1.40 .023 17.0 S.1 <11 8 8.3

DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTRACTABLE BAS:S 5B4A- ~) ACTY AL (CAT FXCH) FATIJ FATIO CA (BASE SAT)

6A1A 6B1A C/N 6C28B 6N2E 6020 6P2R 6028 6HLA 6G1E  5A3A S5A6A 801 803 SFl. 5Ca 5C1
OCRGN  NITG EXT TOTL cr MG NA K SUM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARR FE EXTB * TEA EXTY ACTY T0 T2 NHAC  ACTY

cu PCT PCTY PCcY PET Leuiw oin 0Tk & & == oMEQ 200 B% = v S = wie = =T ) CLAY MG PCT PCT

000-010 1.93 .159 12 TR TR .5 -0 9.5 97

010-050 .85 .081 10 4.0 -0 4 7.9 « 66

750-100 .58 .050 12 5.3 T b 4.5 «35

100-200 1.06 .039 27 24.7 .1 b 6.0 .34

JEPTH (SATURATED PASTE) NA N& SALY. QYR (& imi S a0 -~ SATUPATION EXTFACT BAl- - = = = = = = = ) ATTEPBEPG
8F1 ecCls BA 502 SF 805 6FIA BALA 6NIB 6718 6P1B  6Q18 6!'1A 6J1A 6KIC 6LIC 6MIC 4F1 4F2
RFST PH H20 ESP SAR TOTL FC CA MG NA K €03 HCO3 cL S04 ND3 LOID PLST
NHM- SoLy MMHOS/ LMIT INDX

CH CM PCY PCT PPM pCY CH. U =halialiae o / LITFR = = = = = =« = = ~ = = ) PCT

000-010 T.2 42.7 410 1.24 8.6 5.5 «0 12.2 »3 -9 o

010-050 «208

050-100 7800 8.2 28.7 80 <40 1.6 2.0 «1 5 «0 3.5 el oh <0

100-200 5000 8.8 34.3 1 150 63 «3 4.5 1.7 5 «0 4.7 .1 1.1 2 26 AL

(A) ESTIMATE
(B) 132 SOIL WATZP RATIO.
(C) BY SOIL MECHANICS LABORATOFY, USDA, LINCOULN, NE.
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Table 50. Laboratory analysis of Yamac undisturbed soil (Site No. 2).

SOIL CLASSIFICATION-BOROLLIC CAMBORTHID U. S. DEPARTMENT OF AGRICULTURE
FINE-LOAMY, MIXED SOTL CONSERVATION SERVICE, MTSC
SERIES = = & = ‘& =i YAMAC NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOIL NO = = = &= STeMT-087-2 COUNTY - - - ROSEBUD
GENERAL METHODS—- -~ -1A, 1B1B, 2Al, 2B SAMPLE NOS. 76P0538-76P0549
DEPTH HORIZON ANALYSIS, LY 2MM, 3A1, 3AlA, 3AIB - - - = - - = - = JRATIO
e = = = }J{= = =SILT- - = =) FAML INTR FINE NON- 8D1
FNES VFNS COSI FNST VFSI TEXT 11 CLAY CO03- 15-
«25- .10- .05 .02 -005- SAND .2- T0 CLAY BAR
«10 .05 .02 .002 .002 2-.1 .02 CLAY T0
cH LT 2MM - -
000-001 All 22.4 21.1
001-002 Al2 23.1 23.3
002-005 Al3 22.2 24.9
005-010 Al4 23.3 23.9
010-022 AlS 22.3 23.2
022-038 B21 23.8 23.6
038-050 B22 22.5 25.7
050-060 823 19.4 26.7
060-075 B3CA 12.8 24.6
075-100 C1CA 11.5 30.4
100~145 c2 13.3 32.6
000-005 A
DEPTH (PARTICLF SIZE ANALYSIS, MM, 38, 3Bl, 3B82)( BULK DENSITY )(- - -~ ~WATERK CONTENT- - = =) CARBONATE (- =PH - =)
YOUS™ (i m s e o MESONY = o Sl aits ) 4ALD 4ALH 4D1 4B1C 4BLIC 4B2 4C1 6E1B  3A1A B8ClA BCLE
GY 6T 75-20 20-5 5-2 LT 20-2 1/3- OVEN COLE UG U IR V. SR o L WRD LT LT 1/1 172
2 18 <074 PCT BAR DRY BAR BAR BAR M/ & .002 H20 CACL
CH PCT PCT (= = = PCT LT 75 - - =) LY20 6/CC G/CC PCcTY PCT PCT CH PCT PCY
000-001 TR 0 0o TR TR TR 1.1 8 12.8 7.0 6.3
001-002 TR 0 o TR TR TR 1.1 8 8.1 6.5 5.9
002-005 TR 0 0 TR TR TR 1.1 8 5.8 6.3 5.6
005-010 TR 0 0 TR TR TR 1.2 8 5.7 6.2 5.6
010-022 TR 0 0 o TR TR 1.43 1.48 .003 14.7 T.4 .10 6.4 5.9
022-038 TR 0 0 TR TR TR 1.59 1.67 .012 16.8 B.4 «13 6.6 6.1
038-050 0 0 0 0 0 0 7.9 TR 6.9 6.3
050-060 0 0 0 0 0 0 8.1 3 8.0 T.5
060-075 0 0 0o 0 0 0 1.62 1.77 .028 14.2 9.3 .08 18 7 8.4 7.9
075-100 0 0 0 0 0 o 8.2 21 6 8.6 8.1
100-145 0 0 o o 0 0 1.48 1.61 .028 19.4 7.2 -18 15 8.7 8.1
000-005 1.10 1.23 .040 21.3

DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTPACTABLE BASES SB4A- -) ACTY AL (CAT FEXCH) RATIO RATIO CA (BASE SAT)
6A1A  6BlA C/N e6C28 6N2E 6020 6P2B 6Q28 6HLA 6GLF 5A3A SA6A 8DI 803 5F1 5C3 5C1
NRGN NITG EXT YorL CA MG NA X S BACL KCL EXTB NHAC NHAC CA SAT EXTB  NHAC
CARB FE EXTB TEA EXT ACTY T0 T0 NHAC ACTY

CH PCT pCT pPCcTY PET L m wt wiimt Sl S & i@ MEQ) 0D @ aTe sk s i ) CLAY MG pPCT pCT PCY

000-001 3.47 .376 9 13.7 bob TR 1.4 19.5 5.0 24.5 18.2 1l.22 3.1 75 80 107

001-002 2.32 .207 11 8.2 2.9 .0 1.0 12.1 4.3 16.4 13.5 1.12 2.8 61 T4 90

002-005 1.30 .118 11 5.8 2.2 -0 .7 8.7 3.4 12.1 10.5 « 80 2.6 55 T2 83

005-010 1.14 .106 11 6.7 2.1 -0 -7 9.5 3.2 12.7 11.0 .83 3.2 61 75 86

010-022 .88 .089 10 8.2 3.2 -0 «8 12.2 2.9 15.1 14.0 73 2.6 59 81 87

022-038 .66 .071 9 8.1 b4 .0 «5 13.0 2.6 15.6 15.4 76 1.8 53 83 84

038-050 +56 .063 9 8.1 5.3 .0 <0 13.4 1.9 15.3 14.7 T4 1.5 55 88 91

050-060 .58 .070 8 8.5 -0 oh 13.9 «71

060-075 -40 .046 9 8.9 .0 L 11.0 <41

075-100 25 .029 9 13.8 .0 «3 10.1 44

100-145 .22 .022 10 17.1 .1 «3 10.6 «56

000-005

DEPTH (SATURATED PASTE) NA NA SALY BYP (= wralia el lais SATURATION EXTRACT 8Al~ - - - - ='=w = ) AYTERDERG
8E1 8C1B 8A 502 5E 805 6F1A BALA 6NLB &601B 6P1B  6Q1B 611A 6J1A 6KIC 6LIC  6MIC 4F1 4F2
REST PH H20 ESP SAR TOTL EC CcA MG NA K co3 HCO3 cL S04 NO3 LQID PLST
OHM- SoLu MMHOS / LMIT INDX

CcH CcH PCT PCcT PPM PCT o D (A S e e BEQ 7 LEVER = =rs i =g =i mie - ) PCT

000-001 6.4 T5.0 1000 1.71 11.5 7.3 <0

001-002 «10C

002-005 «10C

005-010 «10C

010-022 «10C

022-038 .10C 28 90

038-050 «10C

050-060 «20C

060-075 «20C

075-100 3900 8.4 «20C

100-145 3700 8.3 39.2 1 1 100 <36 6 2.1 1.0 ol .0 2.5 .1 5 o1 28 90

000-005

(A) CLOD OF All, Al2, AND Al13 FOP BULK DENSITY AND MOISTURE PETENTION.
(B) ESTIMATE.

(C) 1:2 SOIL WATER RATIO.

(D) BY SOIL MECHANICS LABORATORY, USDA, LINCOLN, NE.
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Table 51. Laboratory analysis of Kobar undisturbed soil (Site No. 4).

SOIL CLASSIFICATION-APIDIC ARGIBOROLL U. S. DEPARTMENT OF AGRICULTURE
FINE, MONTMORILLONITIC SOIL CNNSERVATION SERVICE, MTSC
SERIES =58 v ar=tw @ ETHRIDGE NAT IONAL SOIL SUPVEY LABORATORY
LINCOLN, NEBRASKA
SOIL N = = = = = =~ ST6MT-087-4 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. T6P055B-T6P0567
DEPTH HORIZON EMTSoLa & eb Ton e 2 o ol b 40 = PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3A1A, 3A1B - = = = - = - - - )RATIO
FINE { = = = a = SAND = = = sis - M= = =SILT~- = - =) FAML INTR FINE NON- 8D1
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI  FNST VFSI  TFXT 1! CLAY Cm~- 15-
2= «05- LT LY 2~ g 5= «25= .10~ .05 .02 .005- SAND ,2- T0 CLAY BAR
<05 .002 .002 .0002 1 -5 «25 «10 05 .02 <002 .002 2-.1 .02 CLAY T0
(] e Uy e oo SRR [ ot N6 ek - wimim wim PLY LY 2WN » = = aie o - mife = c'='= = « < < PCT PCT ClLAY
000-001 All 28.9 48.2 22.9 o5 «3 1.0 12.2 14.9 23.8 24.4 14.0 «40
no1-002 Al2 27.6 46.1 26.3 .1 «3 «9 12.0 14.3 22.5 23.6 13.3 45
002-005 Al3 24.8 41.7 33.5 «3 b «8 10.8 12.5 20.5 21.2 12.3 25
005-010 Al4 22.1 29.6 38.3 .1 .2 «5 9.1 12.2 19.3 20.3 9.9 «25
010-019 B21T 18.3 42.7 39.0 .1 .1 «3 6.5 11.3 20.4 22.3 7.0 .26
019-031 B227 20.7 46.7 32.6 .1 .2 .6 Teb6 12.2 21.9 24.8 8.5 «38
031-050 823 21.2 47.4 31.4 .1 o3 .6 8.1 12.1 20.1 27.3 9.1 «33
050-100 83 28.5 47.0 24.5 .1 .1 «7 11.8 15.8 20.3 26.7 12.7 «38
100-152 c1 57.9 27.8 14.3 b o4 1.6 32.2 23.3 14.5 13.3 34.6 -38
000-005 (A)
NEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 381, 3B82)( BULK DENSITY )(- - - -WATEK (NPNTENT- - = -) CARBONATE (= =PH = =)
VoL (= == % = « = WEIGHY = = = = .= = = ) 4A1D SALH  4&D] 4B1C 4B1C 4Bz 4C1 6t 18  3A1A B8ClA BCILE
G1 GT 75-20 20-5 5-2 L3 20-2 1/3- OVEN COLF 1710 1/3- 15- WPD i kY. 171 172
2 75 <074 PCT BAR DRY BAR RAP BAP M/ 2 .002 H20 CACL
Cc™ PCTY PCY =~ = = PCY LY 7S5~ = = ) LY20 G/CC G/CC PCT PCT PCY C™ PCY PCT
000-001 TP 0 o T® TR TR 1.4 8 9.1 e 6.9 6.7
001-002 . TR 0 0 TR TR TR 1.4 8 11.8 TR 7.0 6.4
002-005 TR 0 0 TR TR TR 1.5 9 8.3 TR 6.8 6.4
005-010 TR 0 0 TR TR TE 1.55 1.68 .028 18.8 9.6 ™ 6.9 6.3
010-019 TR 0 0 TR ™ TR 1449 1.67 .040 20.5 10.3 16 TR 6.8 6.2
019-031 1] 0 0 0 0 0 12.3 TR T.6 T.1
031-050 0 0 0 0 [} 0 10.3 16 8.3 7.8
050-100 0 0 o 0 0 0 1.5¢ 1.61 .015 18.4 9.2 «l4 15 8.8 8.2
100-152 TP 0 0 TR TR TR 1.45 1.50 .012 15.0 Se 4 .16 13 8.9 8.2
000-005 l.41 1.52 .025 21.0
DEPTH (ORGANIC MATTFR ) IRON PHOS (- -EXTRACTABLE BASES 5B4A- -) ACTY AL (CAT FXCH) RATIN RATIO CcA (BASE SAT)
6ALA 6B1A C/N  6C28 EN2E 6020 6P2B 6Q28 6HIA 6GLE  SA3A 5A6f  8D1 803 5F1 5C3 5C1
ORGN NITG EXT TOTL Cca MG NA K SuM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY 0 T0 NHAC ACTY
cM PCT PCT PCT PCU = & o, o e W) w5 &0 MEQ 7 100 6=+ = = = = = = == ) CLAY W6 i PCT PCT PCT
000-001 2.99 .235 13 9.8 5.1 TR 1.6 16.5 2.4 18.9 14.3 .62 1.9 69 87 115
001-002 1.62 .140 12 8.5 4.7 «0 l.1 14.3 2.3 16.6 1l4.1 «57 1.8 60 86 101
002-005 1.38 .l21 11 8.9 5.0 .0 1.1 15.0 3.3 18.3 14.8 hh 1.8 60 82 101
005-010 1.01 .098 10 9.3 5.0 .0 l.1 15.4 2.3 17.7  16.2 42 1.9 57 87 95
010-019 «75 .077 10 10.1 6.0 «0 «7T l6.8 2.5 19.3 17.9 46 1.7 56 87 94
019-031 «79 .085 9 8.7 TR .6 19.3 59
031-050 «62 .064 10 9.2 ™R b 11.7 «37
050-100 «29 027 11 22.9 «3 L 10.1 41
100-152 <14 .018 8 10.9 1.0 .2 6.2 43
000-005
DEPTH (SATURATED PASTE) NA NA SALT GYP > === =ee = SATURATION EXTRACT BAl- - = = = - = = = ) ATTERBERG
BF1 8C18 8a 502 5€ 805 6F1A BALA 6NIB 601R 6PLIB 6Q1B 61124 6J1A &KIC 6LIC  6MIC 4F1 4F2
REST PH H20 ESP SA®R TOTL EC ca MG NA K co3 HCO3 CcL S04 NO3 LQID PLST
OHM- SoLv MMHOS / LMIT INDX
(] (o] PCT PCT PPM pPct W s e = aaba = NEQ F-LITER, = == = mw = & w wiw § PCY
000-001 6.6 49.6 890 2.23 12.9 11.9 .2 2.9 «0 21.7 1.1 1.4 .0
001-002 «20C
002-005 «10C
005-010 .10C
N10-019 «10C 32 150
019-031 «20C
031-050 «20C
050-100 3400 8.4 37.3 2 2 130 «48 4 2.8 2.1 ol <0 3.7 .1 -5 .2
100-152 1500 8.5 31.8 8 7 560 2.45 1.1 10.2 16.0 2 .0 1.9 <9 24.5 -0 22 40

000-005

(A) CLOD OF All, A12, AND Al3 FOR BULK DENSITY AND MOISTUR RETFNTION.
(B) ESTIMATE

(C) 1:2 SOIL WATFR RATIO.

(D) BY SOIL MECHANICS LABORATORY, USDA, LINCOLN, NE.
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Laboratory analysis of Busby undisturbed soil (Site No.

Jo S« DEPARTMENT OF AGRICUL TURE
SOIL CONSERVATION SERVICE, MTSC

FERTES '™ b = = » SFRIES NOT DESIGNATED NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOTL Y e - - ST6NT-087-6 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1B1B, 2Al, 28 SAMPLE NOS. 76P0578-76P0587
DEPTH HORIZON" . (o = wi= = & & = s« - - PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3AlA, 3AIB - = = = - = = = = 1RATIO
FINE (| = =« = = =« SAND = = = = = = J(== =SILT=- - = =) FAML INTR . FINE 'NON= 801
SAND SILT CLAY CLAY VCOS CORS MFDS FNES VFNS COSI FNSI VFSI TEXT 11 CLAY (CO03- 15-
2= «05- LY LT 2 ! 3 «25- «10- .05 .02 «005- SAND .2~ T0 CLAY BAR
.05 .002 .002 .0002 .10 «05 «02 002 .002 2-.1 .02 CLAY T0
BT L TP R ek At SRR e e B R T e LT 2N » b @' = & (= nis - - Cl e S B ¢ PCT CLAY
000-001 All T6.4 15.0 8.6 43.2 29.8 7.2 7.8 46.6 9 «62
001-002 Al2 T6.9 14.7 B.4 42.4 31.8 6.6 8.1 45.1 8 «49
002-005 Al3 77.8 14.1 8.1 47.0 28.4 6.4 7.7 49.4 8 49
005-010 Al4 72.7 17.0 9.3 41.1 30.2 8.1 8.9 43.5 9 46
010-025 821 75.1 1%5.1 9.8 39.0 34.7 7.7 T4 40 .4 10 b4
025-035 822 T7.9 12.9 9.2 43.2 33.4 5.8 T.1 44.5 9 <45
035-050 c1 T6.7 15.7 T.6 40.9 35.2 T.5 8.2 41.5 8 <46
050-100 c2 85.0 10.5 4.5 50.9 33.5 4.6 5.9 51.5 5 «51
100-176 c3 86.3 9.0 4.7 53.7 3l.6 3.3 5.7 54.7 5 <45
----- AB 73.4 15.6 11.0 55 11.8 8.2 T.4 6l.6 11 «38
NEPTH (PARTICLE SIZE ANALYSIS, MM, 38, 3Bl, 3B2)( BULK DENSITY )(- - - -WATER CONTENT- = - =) CAPBONATE
RO (5 e & ot Hg W METRNY v B o ta = i 4A1D 4ALH  4DL 4BIC 4B1C 4B2 4CL 6518 3A1A B8ClA BCLE
GT GT 75-20 20-5 5-2 LY 20-2 1/3- OVEN COLe $£10 1 /8=v"1%= WED LT LT 171 172
75 .074 PCY BAR oRY BAR BAF BAF cM/ 2 «002 H20 CACL
cu PCT PCT (= ~ = PCT LY 75 - - = ) LT20 G/CC G/CC pCT PCT PCT CM PCT PCT
000-001 3 ] 0 2 3 M T 5.3 8 8.0 7.5
001-002 3 0 0 2 2 4 l.4 A 4ol 8 8.1 T4
002-005 1 0 o 1 1 2 1,38 1.40 .005 10.6 4.0 - 09 7 8.1 7.5
005-010 TR o 0 TR 1 1 1.35 1.37 .005 16.5 4.3 «17 s 8.1 Te4
010-025 1 0 0 1 1 2 1437 1l.41 .010 13.5 4.3 .12 % TF 8.1 T.5
025-0135 2 0 0 2 2 4 l.4 A 4.1 12 T® 8.3 7.6
035-050 1 n 0 1 ™ 1 1.34 1.45 .026 14.9 3.5 «15 18 TR 8.4 T.7
050-100 o 0 () 0 0 0 2.3 17 TP .6 7.8
100-176 TR 0 0 0 TR TR 1.63 1.63 .000 7.6 2.1 .09 15 TR 8.6 T.8
et 1 0 0 1 1 2 1.5 A 4.2 TR AL 8.3 T.6

DEPTH (DRGANIC MATTFR ) IRDN PHOS (- -EXTPACTABLE BASES 5B4A- -) ACTY AL (CAY EXCH) RATID PATIO CA (BASE SAT)
6A1A 6BlA /N 6C2 6N2E 6020 6P2B 6028 6HIA 6G1E SA3A 5A64 801 803 5F1 S5C3 5C1
ORGN NITG EXT TOTL CA MG NA K SUM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY T0 L) NHAC ACTY

cH PCT PCT PCY PO AP = =heieaeR . = SHER L 00 B isip et s s =~ = ) 'GLAY WG PCT PCT PCT

000-001 1.08 .095 11 2.3 TR 4 1.2 « 84

001-002 .68 .068 10 2.4 TR b 6.5 <17

002-005 «90 .071 13 2.6 .0 .3 6.9 «85

005-010 .91 .0886 11 3.4 .0 b 8.3 « 89

010-025 .85 .081 10 3.4 «0 b 7.0 W71

025-035 «55 .058 ° 3.0 «0 «3 5.3 57

035-050 «40 .04l 10 3.0 .0 .2 4.1 «54

050-100 .10 .016 6 3.8 «0 «3 3.1 «69

100-176 <04 .003 13 3.8 «0 .1 3.4 .72

NEPTH (SATURATED PASTE) NA NA FAL Y CGYP Y T 0T e F e i SATURATION EXTRACT BAl- - = = = = = = = ) ATTERBERG
BF1 8C1B 8A 502 SE 805 6FLA BALA 6NIB 6018 6P1B 6Q1B 611A 6J1A 6KIC 6LIC 6MIC 4F1 4F2
REST PH H20 ESP SAR TOoTL EC cA MG NA K co3 HCO3 CcL S04 NO3 LQID PLST
OHM- SoLy MMHOS / LMIT INDX

(4] CcM PCY PPM PCT CH [ = = = ==w == HEQ Z LITER = = = o = = = = = « =) PCY

000-001 T.3 36.5 310

001-002 T«7 31.1 130

002-005

005-010

010-025

025-035

035-050

050-100 7900 8.5

100-176 8700 8.6

(A) ESTIMATE

(8)

1:2 SOIL WATFR RATID

6.0
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Je

of Busby undisturbed soil (Site No.

S. DEPARTMENT OF AGRICUL TURE

COARSE-LOAMY, MIXED SOIL CONSEPVATION SERVICE, MTSC
SERIES = = = = == & CHINOOK NATIONAL SOIL SURVFY LABORATORY
LINCOLN, NEBRASKA
SOIE MO = eiai = & = ST6MT-087-8 COUNTY - - - ROSEBUD
GEMNERAL METHODS~ - -1A, 1B18, 2Al, 2B SAMPLE NOS. 76P0597-T76P0605
DEPTH HORIZON (o b SRR o Kl e e “aiise PARTICLE SIZE ANALYSISy LT 2MM, 3A1, 3AlA, 3A1B - - = = - = = =« = JRATIO
BINE { ~T& S nis SAND Spe wie e e i{= = =§ILY= = = =) FAML INTR - FINE NON- 801
SAND SILT CLAY CLAY FNES VFNS COSI FNST VFSI TEXT I CLAY  CO3% 1%-
8= «05- &Y LY «25= .10~ .05 02 «005- SAND .2- T0 CLAY BAR
«10 .05 .02 . 002 2-.1 CLAY 10
CcM PCT CLAY
000-001 All Bl.7 12.2 6.1 -7 1.4 7.0 60.3 12.3 €.l 6.1 69.4 72
001-002 Al2 83.8 10.6 5.6 o7 1.1 6.5 63.5 12.0 5.7 4.9 71.8 .82
002-005 Al3 82.5 10.7 6.8 b 7 5.4 64.2 11.6 5.1 5.6 70.9 <50
005-010 Als 81.9 9.7 8.4 ol b 4.9 65.8 10.7 4.7 5.0 T1.2 b
010-025 821 80.8 10.7 8.5 TR .2 5.0 64.0 11.6 6.0 4.7 69.2 47
025-050 B22 78.0 9.4 12.6 .1 2 4.1 61.6 12.0 5.9 3.5 66.0 «36
050-100 cica 78.7 10.4 10.9 .2 .2 3.8 60.2 14.3 5.6 4.8 64,4 .38
100-150 caca 65.4 19.6 15.0 ™ -4 2.8 47.4 14.8 10.1 9.5 50.6 «37
150-200 c3 T74.2 14.5 11.3 .1 .2 2.7 50.9 20.3 10.6 3.9 53.9 «36
DEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 3Bl, 382)( BULK DENSITY )(- - - -WATER CONTENT- - - ~) CARBONATE
VDL o' {2 ST et jwle NEIGHT = die = & 5% 4A1D 4ALH 4DIL 4B1C 4BI1C 4B2 4C1 6E1B 3A1A B8ClA BCLE
6T GT 75-20. 20-% " 5=2 LT 20-2 1/2- QVEN COLE 1710° . 173~ }B= WED LT LT 1/1 1/2
7 S 75 «074 PCT BAR oFY BAR BAF BAR M/ 2 «002 H20 CACL
CM PCT PCYT (=~ = = PCT LT 78 = = = ) LY20 6&/CC G/CC PCY PCT PCT CcM PCT PCT
000-001 0 0 o 0 0 o 4ok TR T.4 7.0
001-002 TR 0 0 TR TR TR 1.4 & 4.6 TR T.5 6.9
002-005 TR 0 0 TR TR TE 1.40 1l.44 .010 16.5 3.4 .19 TR 7.5 6.5
005-010 TR o 0 TR TR TR 1.48 1.51 .007 23.7 3.7 <30 TR T4 6.8
010-025 TR o 0 TR TR TR 1.47 1.49 .005 9.5 4.0 .08 TR 7.5 6.8
025-050 TR 0 0 TR TP TR 1l.46 1.50 .009 10.5 4.5 «09 TR 7.8 T.1
0%50-100 TR 0 0 b TR TR 1.49 1.53 .009 9.9 4.1 - 09 8 8.2 7.5
100~150 TP 0 0 TR T TP 1.5 A 5.5 13 8.5 1.8
150-200 TR 0 0 1 TR 1 1.5 A 4.1 12 B.6 8.0
NEPTH (ORGANIC MATTEP ) IRON PHOS (- -EXTPACTABLE PRASCS SB4A- -) ACTY AL (CAT EXCH) RATIO RATIO CA (BASE SAT)
6ALA  6B1A C/N 6C28 6N2F 602D 6P2R 6028 6H1A  6G1E  SA3A 5A6A 8L 803 5F1 503 5C1
ORGN NITG FXT TOTL ca MG NA K SUM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY T0 10 NHAC ACTY
cu PCT PCT PCT BOY Jo & wila) wi eps: & s MGV 100, = e sl s e @ e gs s ¥ CUAVE WG PCT PCT PCT
000-001 2.15 .130 17 2.2 TR 5 1.1 9.0 1.50
001-002 1.59 .092 17 2.1 .0 o .8 T.9 1.40
002-005 1.12 .075 15 1.9 .0 oh .8 7.1 1.00
005-010 .68 .061 11 4.9 1.5 -0 b 6.8 .6 Te4 6.3 75 3.3 78 92 108
010-025 .52 .052 10 5.3 1.6 «0 «3 T.2 .7 T.9 7.0 .82 3.3 T6 91 103
025-050 «42 .038 11 2.1 .0 4 .6 T4 «59
050-100 <24 .026 9 3.2 .0 .2 Sel « 46
100-150 27 .026 10 5.1 «0 .1 5.8 -39
150-200 .15 .016 9 6.3 -1 .2 4.9 «43
DEPYH (SATUPATED PASTE) NA NA SALY . GUR. (s ileei =im; )= SATURATION EXTRACT BAl- = = = = = = = = ) ATTERBERG
BEL B8C1B 8A 502 5€ 805 6F 1A BALA 6NLB 6018 6P1B 6QlB 611A 6JIA 6KIC 6LL1C 6MIC 4F1 4F2
REST PH H20 ESP SAR TOTL EC CA L1 NA K co3 HCO3 cL S04 NO3 LQID PLST
OHM- SOLu MMHOS / LMIT INDX
cM [} PCT PCY PPM PCT ENs ifopica = el w5, o MED 2 LITER ~ = & wie S win =tklis ) PCT
000-001 7.0 41.9 330 1.04 7.2 3.7 -1 1.3 «0
001-002 .208
002~005 .208
005-010 «108
010-025 108
025-050 «108
050-100 6800 8.1 «208 NP
100-150 6100 8.3 «208
150-200 «208
(B) 1:2 SOIL WATER RATIO
(A) FESTIMATE

8)a




Table 54.

SOIL CLASSIFICATION-

Laboratory analysis

148

of 1924 old

spoil (Site No. 5).

Ue So DEPAPTMENT OF AGRICUL TURE
SOIL CONSERVATION SERVICE, MTSC

SERJES = & = & e v w SPOIL MATERIAL NATIONAL SOIL SUPVEY LABORATORY
LINCOLN, NEBRASKA
SOIL N0 & il & et ST6MT-087-5 COUNTY - - - FOSEBUD
GENERAL METHODS- - -1A, 1B1B, 2Al, 28 SAMPLE NOS. T6P0568-T6P0577
DEPTH HORIZON == o el b i Siw 4w wie PAPTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3A1A, 3Al8 =~ = = = = = = = = JRATIC
BAINE (e - SAND = = = = = = )(= = =§ILT- - = =) FAML INTR FINE NON- 801
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS FNSI VFSI  TEXT 11 CLAY C03- 15-
s «05- LT LT = 5= «25- .02 «005- SAND .2~ T0 CLAY BAR
«05 .002 .002 .0002 1 -5 «25 .10 .002 .002 2-.1 .02 CLAY T0
L} it A 3 < M RN B ER E ST IR LR POV LT M A S wi Wi = fe e SRl W e, - il ) PCT PCT CLAY
000-001 All Té6.4 15.1 8.5 .1 2.3 6.7 54.0 8.6 6.5 63.1 1.02
001-002 Al2 79.8 12.6 Te6 TR 1.5 5.3 58.7 6.1 6.5 65.5 75
002-005 Al3 80.1 11.9 8.0 ol .7 4.5 60.0 5.3 6.6 65.3 «50
005-010 AC 78.8 13.9 T.3 .5 1.0 8.0 59.5 5.0 8.9 69.0 <48
010-020 ci 8l.3 12.1 6.6 .1 .6 T.7 62.3 4.6 7.5 T70.7 47
020-050 c2 T8.7 12.5 8.8 4 T 7.2 60.2 5.0 7.5 68.2 41
050-100 c3 73.7 14.3 12.0 oh .5 4.9 52.3 6.5 7.8 58.1 41
100-200 C4 73.0 15.7 11.3 5 5 5.1 52.8 7.0 8.7 58.9 43
100-200 c4 (M) 78.4 17.9 3.7 39. 14.7 6.5 9.1 7.6 10.3 70.1 57
000-005 (8)
NEPTH (PARTICLE SIZE ANALYSIS, MM, 38, 3Bl, 3B2)( BULK DENSITY CONTENT= -~ = =) CARBONATE (- -PH - -)
YOLi: = o= & 4% = HEIGHY = = = = 5 = = 4A1D 4ALH 4Dl 482 41 6518  3A1A 8Cl1A BClE
GT GT 75-20 20-% 5-2 LT 20-2 1/3- OVEN COLE 18- WFD LY Ly 171 172
2 75 <074 PCT BAR DRY BAP CM/ 2 «002 H20 cacL
CM PCT PCT (- = = PCT LT 75 - - = ) LT20 G/CC G/CC PCT (o] PCY PCT
000-001 TR 0 [} TR TR TR 1.3 C 8.7 6 Tt T.2
001-002 TR 0 0 TR TR 1 1.3 ¢ 5.7 7 7.6 T.1
002-005 0 0 2 AL 2 l.3C 4.0 7 7.9 7.3
005-010 1 0 0 1 1 2 l.46 1.55 .020 3.5 .14 7 7.9 7.3
010-020 2 0 0 2 2 4 1.60 1.60 .000 3.1 «10 7 8.2 7.5
020-050 1 0 0 1 1 2 1.5¢C 3.6 9 B4 7.7
050-100 3 2 2 2 1 3 1.39 1.42 .007 4.9 .12 11 8.5 7.8
100-200 6 3 4 2 1 3 1.6 C 4.9 11 8.5 7.8
100-200 58 8.8 7.9
000-005 1.28 1.34 .015
DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTRACTABLE BASES 584A- -) (CAY EXCH) RATID RATIO CA (BASE SAT)
6ALA  6BLA C/N  6C28 6N2E 6020 6P2B 6028 5A3A 5A6A 8Dl 803 SF1 5C3 5C1
ORGN NITG EXT TOTL Ca MG NA K SuM EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB ACTY T0 T0 NHAC ACTY
(o] PCT PCcT PcTY PCY - m o' & Sl MR & NEQ RPN e & S TS S R e ) CLAY MG PCY PCT PCT
000-001 4.21 4304 14 4.1 TR 1.2 14.6 1.72
001-002 2.56 .152 4 2.8 TR «5 8.3 1405
002-005 1.06 .071 15 2.4 .0 «3 6.0 « 75
005-010 «59  .044 13 2.9 «0 .3 b «60
010-020 .38 .032 12 3.3 «0 .3 3.7 «56
020-050 .35 .028 13 3.7 «0 3 4.0 45
050-100 «45 ,036 13 4ob .0 5 4.5 «38
100-200 <49 ,039 13 4.8 «0 «3 4.7 <42

100-200
000-005

DEPTH (SATURATED PASTE) NA NA SALT GYP
851 8CI18 BA 502 SE 8D5 6F 1A
REST PH H20 ESP SAF TOTL
OHM- soLy
™ CH PCT PCT PPM PCT
000-001 6.7 65.7 920
001-002 7.2 45.0 360
002-005 7.6 33.8 160
005-010 7.5 31.9 160
010-020 T.7 32.3 100
020~050

050-100 7100 8.3
100-200 6500 8.3

100-200

000-005

(A) WHOLE SOIL, INCLUDING
(B) CLOD OF All, Al2, AND
(C) ESTIMATE

(o)

112 SOTL WATER RATIO.

COUPSE FRAGMENTS,

EXTRALT QAL mps i o o ) ATTERBERG
6114 6JLIA 6KIC 6LIC 6MIC 4F1  &F2
co3 HCO3 cL S04 NO3 LQID PLST
LMIT INDX
/ LITFP ) PCTY
«0 5.6 1.6 .7 «0
.0 9.9 o7 «5 .0
-0 5.8 4 «3 <0
«0 3.3 .l 3.3 -0
.0 3.7 o1 o7 .2

NP

CRUSHED TO PASS 2 MM SIEVE.
Al3 FOR BULK DENSITY AND MOISTURE RETENTION.
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Laboratory analysis of 1924 old spoil (Site No. 7).

Use S.
SNIL CONSERVATION SERVICE,

NEPARTMENT OF AGPICULTURE
MTSC

SFRIFS = = = = = = = SERIES NOT DESIGNATED NATIONAL SOTL SURVEY LABORATORY
LINCOULN, NEBRASKA
SOIL NO = = = = = = ST6MT-087-7 COUNTY - = = ROSEBUD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. T6P0588-76P0596
DEPTH  HORIZON (= = = = = = = = = = = « = - PARTICLE SIZE ANALYSIS, LT 2MM, 3A1, 3A1A, 3A1B - - = - = = = = = JRATIO
FINE ( = = = = - SAND -~ = - = = - M= - =SILT- - - =) FAML INTR FINE NON- 801
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI FNSI VESI TEXT I1  CLAY C03- 15-
2-  .05- LY LT 2- 1= 5=  .25= .10- .05 .02 .005- SAND .2~ TO  CLAY BAR
.05 .002 .002 .0002 1 «8. %25 "ol0 .08 :.002 - 0024002 2=,1. 402 CLAY 10
€Y (= = = = e = e e e e e e e aaa PCT LT 2MM = = = = = = = = = = = = = = = - & ) PCT  PCT CLAY
000-001  All 80.5 12.4 7.1 o9 Xe& I RISIRTIDN V6B 8.3 i TeT 64.2 7 .66
001-002  Al2 82v1 1148 ' 6ab 82 4 3.0 6l.7 16.8 4.9 6.6 65.3 6 .52
002-005 413 8l.7 10.2 8.1 o2 ¢S 3.3 61e2 16.5 47 5.5 65.2 8 - 40
005-010 Al4 78.3 14.8 6.9 .9 & 4.0 99.2. 13.8  T.} 7.7 64.5 7 .48
010-020 C1 81.3 12.5 6.2 .2 o4 3.1 62.4 152 5.0 7.5 66.1 6 .50
020-050 (€2 80.3 12,3 T.6 o2 a8 0BT 62095 18,7 8,20 7ol 66.6 7 47
050-100 €3 75.0 14.9 10.1 o2 4 4.2 54,8 15.4 6.7 8.2 59.6 10 .41
100-200 C4 66.4 20.4 13.2 ] 5 3.3 45,8 16.1 10.4 10.0 50.3 13 .36
-------- AB
NEPTH (PARTICLE SIZF ANALYSIS, MM, 3B, 381, 382)( BULK DENSITY )(- - = =WATFR CONTENT= = = =) CARBONATE (- ~=PH = =)
VOLe (= = = = = = = WEIGHT = = = = = - - 4A1D  4ALH  4DL  4BIC 4BIC 4B2  4Cl 6018 3A1A BClA BCLE
GT GT 75-20 20-5 5-2 LT 20-2 1/3- OVEN COLE 1/10 1/3- 15- WRD LT L. LHEE 172
2 75 .074 PCT  BAF  CRY BAR  BAR  BAR  CM/ 2 .002 H20  CACL
] PCT  PCT (- = = PCT LT 75 - = = ) LT20 G/CC G/CC PCT PCT  PCT CM PCT  PCT
000-001 TR 0 0 ™ 1 1.5 4.7 8 LT S 1
001-002 TR 0 0 TR ™ TR 1.4 A 3.3 8 TW ST - Ts3
002-005 TR 0 0 1 TR 1 1.52 1.5 .005 0l 32980 8 WP T3
005-010 TR 0 0 1 ™ 1 1.5 4 3.3 9 e s A7
010-020 1 0 0 " 1 1 1.61 1.63 .004 108 3.1 | <2 9 ™ . 841 T8
020-050 TP 0 0 TR 1 1 1es A 3.5 9 L TR
050-100 TR 0 0 T TR TP 1.25 1.47 .057 73y A VS 9 TR 8.3 1.8
100-200 TP 0 0 1 ™ 1 1.2 A 4.8 5 TN Be T8
------ L 0 [ 1 TR 1 1.5 4 5.6 TR Ve £
DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTRACTABLE BASES SB4A- =) ACTY (CAT EXCH) RATIO RATIO CA  (BASE SAT)
6A1A 6BLA C/N 6C2R 6N2E 6020 6P2B 6028 6HLA 6GIE S5A3A S5A6A 8D1 803 SF1 5C3  SCl
ORGN  NITG EXT  TOTL CA MG NA K SUM  BACL KCL  EXTB NHAC NHAC CA SAT  EXTB NHAC
CARR EXTB TFA EXT  ACTY T0 TO NHAC  ACTY
(] PCT  PCT MEQ / 100 6= = = = = = = = = = ) CLAY MG PCT  PCT  PCT
000-001 2.01 .167 12 2.8 ™ /% 7.7 1.08
001-002 1.10 .069 16 2.4 s0 o4 S.7  +89
002-005 .73 .054 14 2.4 .0 o2 5.3 .65
005-010 .72 .048 15 2.6 .0 o3 S.3 W77
010-020 .38 .031 12 2.7 <0 .2 4.2 .68
020-050 .24 .024 10 3.0 .0 .2 4eb .59
050-100 <15 .016 9 6.9 <0 «3 5.3 52
100-200 .42 .045 9 8.2 e o3 Teb 498
DEPTH (SATURATED PASTE) NA NA  SALT GYP (= = = = = = = - = SATURATION EXTPACT BAl- - = = = -~ = - = ) ATTERBERG
BEL 8C1B 8A  5D2 SE 805 6FL1A BALA 6N1B 6018 6P1B 6QLB 611A 6J1A 6KIC 6LLIC 6MIC  4F1 4F2
REST PH 120 ESP SAR  TOTL EC CA NG NA K €03 HCO3 CL  SN4 KO3 LQID PLST
OHM- soLY MMHOS / LMIT INDX
(] ] PCT  pCY PPM  PCT CH = ==~ ===~ MEQ / LITER =~ = = = = = = = = - - ) pPCT
000-001 6.8 45.9 1000 0 2.67 23.4 1.6 ol 4.2 0 29.1 .6 .9 .0
N01-002 Te6 33.8 220 «90 7.3 1.8 «0 1.0 .0 8.3 2 o4 «0
002-005 Te7 31.7 130 58 4.6 1.1 «0 .5 «0 4.8 .2 2 .0
005-010 7.8 30.6 100 48 3.7 .8 .0 o4 0 3e6 ol o2 .0
010-020 R 28T 200 *98. . Te9 158 .0 6 0. 2.8 P T T <0
020-050 .208
050-100 5900 8.3 «208B NP
100-200 4900 8.0 27.3 90 AT 1.5 3.2 "3 ol P .1 % 4 .6
(A) FSTIMATE
(A) 112 SOTL WATER RATID
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Laboratory analysis of 1924 old spoil (Site No. 9).

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE, MTSC

SERTRS " = Bide i w SEPIFS NOT DESIGNATED NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOILENG = = wisis - ST6MT-087-9 COUNTY - - - PROSEBUD
GENERAL METHODS- - ~1A, 1B1By 2Al, 28 SAMPLE NOS. T6P0606-T6P0615
DEPTH HORIZON (LI S B S g B LIS il B s o PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3A1A, 3AIR = = = = = = =« = = JRATIOD
PINE ( ~ =~ = =« SAND = o= = i Yt= - =SILT> == =) FAML . - INTR - FINE" NON=" 8D1
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI  FNSI  VFSI  TEXT 11 CLAY (CO3- 15-
2= «05- LY LT &= | 5= «25- «10- .05 .02 «005~ SAND .2~ TO CLAY BAR
.05 .002 .002 .0002 1 «5 «25 «10 «05 « 02 +002 .002 2-.1 .02 CLAY TO
cu | et A0 M0 HE S dx ST AT AT S il I ST PCY LY 2MR = = = mc's “ v o » s imie = e = ) PCT PCT CLAY
000-001 All 78.7 12.4 8.9 2 .6 5.4 57.2 15.3 8.2 4.2 63.4 .42
001-002 Al2 78.8 11.5 9.7 .l 4 5.0 57.5 15.8 8.0 3.5 63.0 «36
002-005 Al3 78.5 12.6 8.9 2 -3 5.6 58.1 14.3 7.8 4.8 64.2 <38
005-010 ACL 77.3 13.0 9.7 .2 .6 5.9 54.8 15.8 Ta7 5.3 61.5 «34
010-015 AC2 80.5 11.8 T.7 ™ «3 5.1 60.7 1l4.4 7.6 4.2 66.1 «39
015-050 c1 81.0 11.7 7.3 .2 b 6.0 6l.6 12.8 7.0 4.7 68.2 .42
050-100 c2 84.8 6.7 8.5 TR ok 6.7 65.5 12.2 6.4 .3 72.6 .38
100-200 c3 83.3 9.0 7.7 .2 «4 10.9 60.3 11.5 5.7 3.3 T1.8 «36
100-200 €3 ()
000-005 (8)
NEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 381, 3B2)( BULK DENSITY (- - - ~WATER CONTENT- - - -) CARBONATE (- =-PH - -)
VO S e ahamus e WEIGHT = = & = c = = ) 4ALD 4AlH ADL 4BLC 4B1C 482 4C1 6F1B  3AlA 8C1A BCLE
GT GT 75-20 20-<8 5-2 & 4 20-2 1/3- QVEN COLE 1710 1/3= 15%- WEKD LY LT 171 1/2
2 75 «074 PCT BAR DPY BAR BAR BAR CM/ 2 «002 H20 cacL
(4] PCT PCT . = = = PCY LT 78 = = =) LT20 G/CC~ G/CC PCcT PCT (4 CH PCY PCT
000-001 1 o 0 TR 1 1 1.5¢C 3.7
001-002 1 0 0 TR 1 1 1.5¢C 3.5
002-005 1 0 TR 1 ™= 1 1.5¢C 3.4
005-010 1 4] TR 1 TR 1 1.51 1.54 .007 12.5 3.3 «14
010-015 1 0 TR 1 1 2 1.62 1.66 .008 9.8 3.0 .11
015-050 34 0 18 27 1 34 1.6 C 3.1
050-100 5 0 11 TR ™" TR 1.6 C 3.2 6 B.6 7.9
100-200 13 0 18 1 TR X.. B0 TRSTIN 012 13.3 2.8 «17 9 8.5 7.8
100-200 TR o 2 TR TR TR 1.69 1.71 .004 T.6 2.6 - 0° 9 8.5 T.7
000-005 1.49 1.53 ,009 10.4
DEPTH (ORGANIC MATTER ) IRON PHOS (- ~EXTRACTABLE BASES 5B4A-~ -) ACTY AL (CAT EXCH) RATIO RATIO CA (BASE SAT)
6ALA 6BLA C/N 6C28 6N2E 6020 6P2B 6Q28 6H1A  6G1E  SA3A S5A6A  BD1 803 SF1 5C3 5C1
DRGN  NITG EXT TOTL ca MG NA K SUM BACL KCL EXT8 NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY TO 10 NHAC ACTY
(4] PCT PCT PCT PET & s & = & apmiy Sihal oy NEQ /100 1 Be s i == ) CLAY MG PCTY PCTY PCT
000-001 1.08 .062 17
001-002 «65 .042 15
002-005 <56 .036 16
005-010 .38 .028 14
010-015 .25 .019 13
015-050 .13 .009 14
050-100 .13 .012 11 4.0 -0 «1 3.3 45
100-200 .08 .007 11 3.5 .0 -1 3.6 <42
100-200 3.4 «0 .1 3.5 45
000-005
7EPTH (SATURATED PASTE) NA NA SALT . OYPL (Himim Wivie » o SATURATION EXTRACT 8Al= - = - = = = = = ) ATTEPBEPG
BE1 8Cl18 BA 502 SE 805 6FLA BALA 6NLIB 6018 6PIB  6Q1B 6I1A 6J1A 6KIC 6LIC 6MIC 4F1 4F2
REST PH H20 ESP SAR TOTL EC CA MG NA K co3 HCO3 cL S04 NO3 LOID PLST
OHM- LMIT INDX
c™ cM PCT ) pCTY
000-001 . T4 30.6
001-002 7.8 28.9
002-005 7.8 28.9
005-010
010-015%
015-050
050-100 8200 8.3
100-200 8700 8.3 NP

100-200
000-005

(A) SANDSTONE FRAGMENTS.

(B) CLOD OF All, Al2, AND A13 FOR BULK DENSITY AND MOISTURE RETENTION.

(C) FSTIMATE
(D) 1312 SOIL WATER RATIO.
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Table 57. Laboratory analysis of 1932 old spoil (Site No. 10).

SOIL CLASSIEICATION- Us S. DEPARTMENT OF AGRICUL TURE
SOIL CONSERVATION SERVICE, MTSC
SERIES = = = & = = = MINE SPOIL NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOIL NO = = =~ = = = ST6MT-087~-10 COUNTY - - - ROSEBUD
GENERAL MFTHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. T6P0616-T6P0624
DEPTH HORIZON §20 Al e sl e dar ) . S PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3A1A, 3AIB - - = = = = = = =« JPATIO
FINE f » &= = = SAND > = =% =" M- - -SILT- - - =) FAML INTR FINE NON- 8Dl
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI  FNST VFSI  TEXT 181 CLAY CO03- 15~
L «05- LT LY 2= | B 5= «25- .10- .05 .02 -005- SAND .2- 10 CLAY BAR
.05 .002 .002 .0002 1 «5 «25 - 10 «05 .02 .002 .002 2-.1 .02 CLAY T0
(4] o0l % 0" Tan e e e e N PLY L LI@ANIS = ‘= o s i 's i & il el i (= il ) PCT PCT CLAY
000-001 All 42.0 46.2 11.8 4 5 le7 26.5 12.9 25.3 20.9 29.1 12 98
001-002 Al2 50.7 38.5 10.8 5 b leé 30.%5 17.9 22.3 16.2 32.8 11 «59
002-005 Al13 46.0 40.5 13.5 «5 6 1.2 25.7 18.0 20.2 20.3 28.0 14 «33
005-010 Cl S8.1 29.8 12.1 o 8 1.4 38,7 202" 1638 130 37.9 12 Skl
010-050 c2 49.1 33.1 17.8 2 5 1.3 32.8 14.3 12.3 20.8 34.8 18 «33
050-100 c3 61.0 26.9 12.1 .1 b 3.1 43.9 13.5 8.7 18.2 47.5 11 «55
100-200 Cé 63.2 25.1 11.7 «3 oh 2.7 46.0 13.8 7.3 17.8 49 .4 12 <48
-_— - SHALE
000-005 A
DEPTH (PARTICLE SIZE ANALYSIS, MM, 38, 3B1, 382)( BULK DENSITY )(- - - -WATER CONTENT- - - -) CARBONATE (- =PH - -)
MOLai = & = = 2% a & NEIGHT: o'« = & = = = ) 4ALD 4ALH 4D1 4B1C 4BIC  4B2 4c1 6EL1B  3A1A B8ClA BCILE
GT GT 75-20 20-% 5-2 LY 20-2 1/3- COVEN COLE 1710 1/3- 15- WED LT LT 1/1 172
2 75 <074 PCT BAR orY BAR BAR BAR M/ 2 .002 H20 CACL
(oL} PCT PCT (= = = PCT LY 75 - = = ) LT20 G/CC G/CC PCT PCT pCcT (o] PCT PCT
000-001 2 o 0 2 2 4 l.1 8 11.6 TR T7 T.1
001-002 2 0 0 2 1 3 1.2 8 6.4 16 7.7 7.3
002-005% 2 [s] o 2 1 3 1.2 8 bot 16 7.9 Tt
005-010 2 0 0 2 2 4 1.5 1.58 .008 el 8.0 | 509 15 B8sl - 748
010-050 TR 0 0 1 TR b 1.8 5.9 15 8.3 7.8
050-100 13 0 0 16 5 21 1.53 1.57 .008 18.5 6.6 +16 14 1 8.6 7.9
100-200 TR 0 0 TR TR ™ 1.58 10.3 20 2 8.5 7.8
-------- 3 8.5 T.9

000-005 1.23 1.31 .021 17.2

DEPTH (NRGANIC MATTER ) IRON PHOS (- -EXTPACTABLE BASES 5B4A-~ ~) ACTY AL (CAT EXCH) FATIO PATIOD ca (BASE SAT)

6A1A 6BlA C/N 6C28 6N2E 6020 6P2B 6028 6HIA 6GIF 5A3A 5A6A 8D1 803 SF1 5C3  5C1
ORGN NITG EXT TOTL CA MG NA K SUM BACL KrL EXTB NHAC NHAC CA SAT EXTB  NHA(
CARB FE EXTB TEA EXT  ACTY TO  TO  NHAC ACTY
N PCT  PCT PCT  PCT (= = == = = = = = - = MEQ / 100 G- = - - = = = - - - ) CLAY MG  PCT PCT  PCT

000-001 4.63 .379 12 4.2 TR\ 143 1.4 17.0 1l.44

001-002 1.84 .188 10 4.0 R .5 5.9 .55

002-005 1.09 .079 14 4.2 R .4 4.6 .34

005-010 .73 .045 16 3.8 TR 3 4.2 .35

010-050 .29 .026 11 5.6 ™ P 540 .28

050-100 .19 .030 6 6.4 ] .81 gs]

100-200 .21 .02 9 9.5 Y o2 5.6 .46

-------- .19 .026 7 9.5 o .3 6.4

DEPTH (SATUPATED PASTE) NA NA - SATURATION FXTPACT 8Al- = = = = = = = = ) ATTERBERG
BEL B8C1B BA 502 SE 6P1B 6Q1B 6I11A 6JIA 6KLC 6LLC 6MIC  4F1 4F2
REST PH H20 ESP  SAR  TOTL EC CA MEE NN €03 HCO3 CL S04 NO3  LQID PLST
OHM- soLU MMHOS/ LMIT INDX

™ oM pCT  PCT PPM  PCT CH (=== == === MEQ / LITER = = = = = = = = = = = ) PCT

000-001 6.7 101.0 2400 0 2.86 20.8 9.4 31 LUTDL NE0 2SeT 2.2 [Hi&EL 010

001-002 Tel 437 580 1785, 18:3 0 82 o1:ii242 oD, Thed . 1.6 7 .0

002-005 To a2 340 1.39 10.7 4.0 1" Teb 0 WITeT. ) V1.2 T .0

005-010 T.4 2841 170 87 el 22 R 15 el YA o7 .5 -0

010-050 7.8 35.6 100 +A3 303 1108 &1 4 025 24 .3 .0

050-100 6200 8.2 .20C

100-200 4400 8.3 .20C

-------- .20C

000~005

(A) CLOD OF All, Al2, AND Al3 FOP BULK DENSITY AND MOISTURE RETENTION.
(B) ESTIMATE
(C) 112 SOIL WATER RATIO.
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Laboratory analysis of 1948 old spoil (Site No. 3).

Je So DEPARTMENT OF AGPICULTURE
SOIL CONSERVATION SERVICE, MTSC

SERIES = = = = = = < MINF SPOIL NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOIL NO = = = = = = ST6MT-087-3 COUNTY - - - ROSEBUD
GENERAL METHODS~- - ~1A, 1818, 2Al, 28 SAMPLE NOS. T76P0550-76P0557
DEPTH HORIZON (= i e S e - PAFTICLE SIZE ANALYSIS, LT 2MM, 3Al1, 3AlA, 3A1B - = = = = - - - - JFATIO
I (= =ie == SAND - = = = = = )(- - =§[ILT~- - = =) FAML INTR FINE NON- 801
SAND SILYT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI  FNSI  VFSI  TEXT 11 CLAY (CO3- 15~
2% +05- LT U 2= i= o5~ o5~ $}0=" »0S .02 <005~ SAND ,2- T0 CLAY BAR
-05 .002 .002 ,0002 1 «02 «002 .002 2-.1 .02 CLaAY T0
cM (o 's o abninea®=esaions ool LTINS »d'cvis oainc giv e aie =) POY PCT CLAY
N00-001 48.6 37.6 13.8 l.4 19.8 17.8 31.3 .87
001-002 Al2 Sl.1 3%.2 13.7 1.3 16.3 18.9 34.0 <64
002-005 Al3 45.4 36.4 18.2 .6 17.9 18.5 31.1 47
005-010 c1 49.9 34.5 15.6 1.2 18.4 16.1 34.9 «55
010-050 c2 45.9 36.8 17.3 5 18.5 18.3 32.0 73
050-100 c3 55.0 31.7 13.3 b 17.0 14.7 38.4 1.00
100~153 Ca 32.7 48.1 19.2 -9 24.9 23.2 15.9 69
------- cnaL

DEPTH (PARTICLE SIZF ANALYSIS, MM, 3B2) {  BULK CENSITY )(=~ - - -WATEF CONTENT- = - =) CARBONATE (- -PH = =)
PO e s & S0 S WRIGHT ~ o o o = =« o ) 4ALD 4ALH 4D1 4B1C 4BIC 4B2 4C1 6718 3A1A B8CLA BCILE
6T GT 75-20 20-5 5-2 LT 20-2 1/3- OVEN COLE 17100 1/%~ 1%~ WRD (%52 LY 171 172
2 75 «074 PCT BAR oPY BAPR BAR BAR CM/ 2 «002 H20 CACL

(oL} PCT PCT (= == PCT LT 785 = = = ) LT20 G/CC G/CC PCT PCT PCY CH PCT PCY

000-001 3 0 0 2 3 5 1.2 A 12.0 14 T.6 7.3

001-002 5 0 TR 4 5 9 1.3 A 8.8 8 T.7 T4

002-00% 8 0 2 7 3 10 1.55 1.62 .014 18.1 8.6 «l4 9 7.9 T.2

005-010 10 0 0 2 9 16 1.70 1.74 .007 15.8 8.6 .11 12 8.0 T.4

010-050 9 0 0 7 9 16 1.40 1.44 .009 20.4 12.6 «10 11 T.6 7.3

050-100 12 0 0 11 12 23 1.3 A 13.3 10 7.5 7.3

100-153 6 0 0 8 L 14 1.19 1.25 .016 24.0 13.3 12 9 T.6 7.2

------- 1.21 6.0 5.8

DEPTH (DRGANIC MATTER ) IRON PHDS (- —-EXTRACTABLE BASES 584A- -) ACTY AL (CAT EXCH) KATIO RATIO CA (BASE SAT)
6ALA 6B1A C/N  6C28 6N2E 602D 6P2B 6Q28 6H1A 6GLE  S5A3A S5A6A 801 803 5F1 5C3 5C1
NRGN  NITG EXT TOoTL ca NG NA L3 SUM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY T0 T0 NHAC ACTY

cH PCT PCT PCT PET (=rmio = - wie) - - NEQ.7 100 . @> ~ = = a'<ie o o= ) CLAY MG PCcT PCY PCT

000-001 S5.11 .333 15 8.2 TR 1.2 24.9 1.80

001-002 5.01 .213 24 8.4 R .8 22.8 1.66

002-005 4.16 .145 29 9.5 TR .6 21.9 1.20

005-010 2.83 ,.092 31 10.9 «3 6 17.7 1.13

010-050 5.94 .129 46 16.2 1.1 .2 30.5 1.76

050-100 5.52 .131 42 21.2 6 .2 34.0 2.57

100-153 5.28 .131 40 19.4 .1 .2 39.5 1.77

------- 13.08 .959 14 «0C 15.20 «0F

DEPTH (SATURATED PASTE) NA NA SALT GYP (= = = = «c = = = = SATURATION EXTRACT 8Al- - - = = = = = = ) ATTERBERG
8=1 8C1B BA 5D2 SE 805 6F1A BALA 6NIB 601B 6P1B  6QLB 6114 6J1A 6KIC 6LLIC 6MIC 4F1  4F2
REST PH H20 ESP SAR TOTL EC [} NG NA K co3 HCO3 cL S04 NO3 LQIN PLST
OHM- Sowv MMHOS / LMIT INDX

CH (4] PCT PCT PPM PCT CH | S & w aleie - MEQ /7 LITER = = = = = = = o = == ) PCT

000-001 6.8 63.2 2000 0 3.83 29.1 15.1 b 4.6 «0 3.8 3.9 3.2 «0

001-002 T.5 43,2 620 1.80 14.0 6.3 2 1.9 «0 14.1 2.5 1.4 -0

002-005 T.5 41.0 420 1.31 9.3 4.9 o7 1.1 <0 10.6 1.4 1.5 «0

005-010 7.6 40.0 1 2 430 1.47 6.7 4.8 4.2 1.0 -0 5.1 4.2 5.8 «0

010-050 T2 40.9 2 4 1100 3.48 14.6 12.4 13,5 o3 -0 3.5 19.1 21.2 «0

050-100 830 T.1 4l1.3 1 2 1900 0 4.96 29.9 31.3 8.7 .2 «0 2.5 28.6 38.1 «0

100-153 2200 7.3 43.7 510 1.51 7.9 8.8 leé .l -0 3.5 3.9 9.6 .0

------- 5.9 122.0 1 1000 1.11 4.4 6.6 2.0 .2 «0 5.3 1.0 3.9 TP

(A)  ESTIMATE

(B) ORGANIC CARBON FOP CDAL SAMPLE ON <0.25 MM MATERIAL = 35.4 PERCENT AND ON THE <0.002 MM MATERIAL = 37.0 PERCENT,

(C) FE FOR THE <0.25 MM MATERIAL = 0 PERCENT.

(D) ACIDITY FOR THE <0.25 MM MATERIAL = 31.7 M®Q PER 100 G.

AL FOR THE <0.25 MM MATERIAL = O PERCENT.
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Table 59. Laboratory analysis of 1969 new spoil (Site No. 14).

SNIL CLASSIFICATION- J. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE, MTSC
SERIFS = = = = = = ~ F ECLAIMED MINE SPOIL NATIONAL SOTL SURVEY LABOFATORY
LINCOLN, NEBRASKA
SOIL NO - = = = = = ST6MT-087-14 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1B18, 241, 28 SAMPLE NOS. 76P0654~76P0665
____________________________________________________________ 0 VAl e b e L il Y e T
DEPTH  HORIZON (= = = = = = = = = = = = = = RTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3ALA, 3A1B = = -~ - = = = - - JPATIO
FINE ( = - = - = SAND - = - - - = M= - =SILT- - - -) FAML INTR FEINE NON- 8Dl
SAND SILT CLAY CLAY VCOS CORS MECS FNES VFNS COSI FNSI VFSI TEXT 11  CLAY C03- 15-
2-  .05- LT LT 2- 1= 5=  ¢25~ .10~ <05 .02 ,005- SAND .2- T0  CLAY 8AR
.05 ,002 .002 .0002 1 o3 25 <10 .03 . .02  .002 .002 2-.1 .02 CLAY 10

35.9 14.6 4 1.3 2.6 28,7 16.5 12.2 23.7 33.0 1.32
Al2 52.2 34.0 13.8 «3 -9 2.4 33,6 15.0 12.9 21.1 37.2 «61
Al3 56.0 28.6 15.4 «3 .8 2.1 36.5 16.3 «3 21.3 39.7 41
cl 60.2 29.6 10.2 s 1.1 2.7 43.5 12.5 11.3 18.3 47.7 .65
c2 78.7 16.0 5.3 .1 b 4.9 59.7 13.6 4.2 1l.8 65.1 47
c3 8l.4 13.7 4.9 TR .2 3.4 65.5 12.3 3.8 9.9 €9.1 o7
Cs 86.6 5.3 8.1 S.4 71.5 «37
(A)
COAL
COAL
COAL
COAL
DEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 3B1, 3B2)( BULK DENSITY )(- - - -WATF® CONTENT- - - -) CARBONATE (- -PH ~- «)
YO (= w' s o %= NEIGHT = = = = = = = ) 4ALD 4ALK  4DI1 4B1C 4BIC 482 4C1 6518 3AlA B8ClA 8ClE
GT GT 19=20 205 85-2 LT 20~2 1/3- OVEM COLE 110 1/3- 15= WRD LY Ly 171 172
2 75 «074 PCY BAR DRY BAR BA® PAP cM/ 2 «002 H2n CACL
[} PCT PCT " I= == PCY LT 75.= == ) LT20  6/CC  G/CC PCT PCY PcTY (o] PCcY PCT

000-001 > 4 o 0 1 2 3 1.2 8 19.3 10 T.4 6.9
001-002 2 0 0 1 2 3 1.3 8 8.4 11 7.3 7.1
002-005 2 o 0 2 14 16 1.3 8 6.3 12 7.3 7.2
005-010 5 1} 1 5 4 9 1.38 1.47 .020 16.5 6.6 «13 3 7.2 7.1
010-050 1 0 0 1 TR 1 1l.66 1.67 .002 9.4 2.5 .11 i 8.0 7.7
050-100 v 0 0 2 1 3 1.6 8 2.3 11 8.1 1.6
100-200 6 0 4 3 2 5 la47 1.48 .002 S.9 3.0 .10 10 7.9 T.6
000-005 1.30 1.39 .023 18.3

NEPTH (NRGANIC MATTFR ) IRON PHOS (-~ -EXTRACTABLE BASES SR4A- -) ACTY AL (CAT EXCH) FATI) RKATIO CA (BASE SAT)

6ALA 6BlA C/N 6C28 6N2E 6020 6P2B 6028 6HIA 6GLF 5A3A SA6A 801 803 5F1L 5C3 5C1
DRGN NITG EXT TOTL CA NG NA K SUM BACL KCL EXTB NHAC NHAC Ca SAT EXTB  NHAC
CARB FE EXTB TEA EXT ACTY 10 ) NHAC ACTY
CM PCT PCT PCcTY PEY (= == * o v = = == = NEQ 7 100 (6= == = =inw & = = ) CLAY MG PCT pCcT PCT

000-001 6.26 .299 21 5.4 TR -6 24.3

001-002 2.63 .l110 24 4.8 .0 «3 12.3 «89

N02-005 1.82 .068 27 L TR .2 9.1 «59

005-010 2.43 .082 30 4.8 TR .1 13.3 1.30

010-050 «26 4018 14 4a6 TR .1 3.4

050~100 «27 .013 21 3.7 TR .1 2.5 «51

100-200 <46 .021 22 4.3 TR .1 3.8

000-005

DEPTH (SATURATED PASTE) NaA NA SALYT GYP (+ = = = o = = = = SATURATION EXTRACT BAl- - - = = - = = ~ ) ATTERBFRG
BE1L 8Cl8 8A 502 SE 805 6F1A BAlA 6N1B 601B 6PLB 6QLB  6T1A 6J1A 6KIC 6LLC  6MIC 4F1  4F2
REST PH H20 ESP SAR TOTL EC CA MG NA K co3 HCO3 CcL S04 NO3 LQID PLST
OHM- soLu MMHOS/ LMIT INDX

c™ CcM PCT PCT PPM PCY CH { #+semmw s MEQ /7 LITER = = = = = = = = = = = ) PCT

000-001 6.7 87.0 2000 0 2.50 25.1 8.5 .1 1.8 «0 13.4 «6 17.6 -0

001-002 6.8 40.1 970 0 2.65 27.4 9.3 «0 l.1 -0 6.8 <9 26.8 .0

002-005 6.8 36.0 1100 0 2.99 35.4 9.5 .1 1.0 -0 6.1 -8 38.6 <0

005-010 6.6 34.5 990 2.98 33.5 10.5 .1 6 .0 he2 «6 45,0 .0

010-050 T4 28.4 970 0 3.37 2646 26.4 2 4 .0 2.0 «2 56.5 -0

050-100 2200 7.6 28.6 560 2.19 12.7 17.3 .3 -3 «0 b «3 31.3 «0

100-200 1500 7.4 27.8 890 0 3.17 24.8 24.0 1.1 «3 «0 1.1 «3 51.6 «0 NP

000-005

(A) CLOD OF ALl, Al2, AND Al3 FOR BULK DENSITY AND MOISTURF RETENTION.
(B) ESTIMATE
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Ue

Laboratory analysis of 1970 new spoil (Site No. 15).

Se
SOIL CONSERVATION SERVICE,

DEPARTMENT OF AGRICUL TURE
MTSC

SERIES = = = = = =~ < REVEGETATED MINE SPOIL NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOIL NQ = = = = = = ST6MT-087-15 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. 76P0666-T6P06T4
DEPTH HORTZON (o =ess @ awinesins = PARTICLE SIZE ANALYSIS, LT 2MM, 3A1, 3AlA, 3A1B = = = = = = = = - JPATIO
FINE ( = = = = = ND = & & e - Jt= = =SILT=- - = =) FAML INTR FINE NON- 801
SAND SILT CLAY CLAY VCOS CORS MEPS FNES VFNS COSI  FNSI  VFSI  TEXT 11 CLAY CO3- 15-
2> <05~ LT Ly 2= 1= 5= o2%= . aJ0=" 05 .02 -005~ SAND .2~ T0 CLAY BAF
«05 .002 .002 .0002 1 .5 .25 .10 «05 .02 002 .002 2-.1 .02 CLAY T0
CH (ol Simim e & o o siesns e e PCT LY 2N = % o = o'« = = o nle b e = = = ) PCT PCT CLAY
000-001 All 78.4 15.6 6.0 .2 b 2.1 54,2 21.3 12.0 3.6 57.1 1.72
001-002 Al2 8l.4 12.7 5.9 TR .2 1.5 53.0 26.7 9.5 3.2 54.7 o
002-005 Al3 56.8 38.3 4.9 o1 «2 «9 37.0 18.6 32.2 b.l 38.2 67
005-010 c1 65.9 26.0 8.1 2 «3 1.5 40.9 23.0 1l.4 14.6 42.9 «36
010-050 c2 60.4 30.3 9.3 .2 .6 3.1 37.9 18.6 12.1 18.2 41.8 «36
050-100 c3 T1.2 21.5 7.3 .2 5 3.5 46.2 20.8 8.6 12.9 50.4 45
100-200 C4 66.2 27.3 6.5 .2 .7 2.6 38.2 24.5 16.8 10.5 41.7 «55
100-200 SHALE T.9 64.4 27.7 1.4 2.1 1.0 2.1 1.3 6.1 58.3 6.6
100-200 SHALE
DFPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 381, 382)( BULK DENSITY )(- - - —WATER CONTENT- - = =) CARBONATF (- -PH - =)
VoL (== ws <'w's WRIGHT 58 e o e, ) S ) 4ALD 4ALH 4D1 481C 481C 482 4C1 6E1B 3AlA BClA B8ClE
GT GT 75-20 20-5 5-2 LT 20-2 1/3- OVEN COLE VR B Ve il 1 WFD LY LT /1 172
2 75 <074 PCY BAR DRY BAR BAR BAR cM/ 2 <002 W20 CACL
(o] PCT PCY (== <« PCT LY 78 = = = ) LY20 G/CC 6/CC PCT PCT PCT (o] PCY PCY
000-001 0 0 o o o o 10.3 6 7.3 7.1
001-002 TR 0 0 o TR TR 4.2 f 8.0 7.5
002-005 1 0 0 1 TR 1 1.3 A 3.3 9 8.1 T.5
005-010 2 0 0 2 1 3 le4 A 2.9 12 8.3 T.6
010-050 1 0 0 AL 1 1 1.6 A 1.70 .071 9.6 3.5 .08 15 8.3 7.3
050-100 5 0 TR 3 $ 8 1.5 A 3.3 15 8.5 T.7
100-200 2 0 o 1 3 4 1.65 1.67 .004 10.5 3.6 .11 16 8.4 T.7
100~200
100-200 1.28 1.38 .02%
DEPTH (ORGANTIC MATTER ) TRON PHOS (- -EXTRACTABLE BASES 5B4A- -) ACTY AL (CAT EXCH) PATIO RATIO cA (BASE SAT)
6A1A 6Bl1A C/N  eC28 6N2E 602D 6P2B 6028 6H1A 6G1E S5A3A S5A6A 8D1 803 SF1 5C3 5C1
ORGN NITG EXT TOoTL CA MG NA K SumM BACL KCL EXTB NHAC NHAC CA SAT EXTB  NHAC
CARB e EXTB TEA EXT ACTY T0 T0 NHAC ACTY
oL} PCT PCT PCTY PCY, (= = MG PCT PCT PCT
000-001 2.24 .178 13 2.7 TR 6.7 1.10
001-002 .83 .081 10 2.5 TR 4.6 75
002-005 .80 .055 15 2.9 TR 4.2 -85
005-010 30 .023 13 3.8 TR 3.1 -38
010-050 «16 .018 9 4.7 .0 3.4 «37
050-100 .11 .018 6 4.6 «0 2.7 « 37
100-200 «13 .018 7 5.4 TR 3.0 « 46
100-200 «24 J021 11
100-200
DEPTH (SATURATED PASTE) NA NA SALT GYP SATURATION EXTRACT BAl= =~ = = = = = = = ) ATTERBERG
851 8Cl8 8A 502 SE 805 6F1A BALA 6NLB 601B 6P1B 6Q1B 611A 6J1A 6KIC 6L1C 6MIC 4F1, SF2
REST PH H20 ESP SAR TOTL EC CA MG HA K co3 HCO3 cL 504 NO3 LQID PLST
OHM- soLu MMHOS/ LMIT INDX
[} CM PCT pCcT PPM PCT LR e v s e Wmyn PEQ. 7 LETER ‘witsbvim i) @ bt i, doiinn com ) PCT
000-001 6.4 58.7 2000 0 3.34 33.7 10.6 «l 9.8 «0 1.5 4.1 2.5 -0
001-002 7.3 38.3 450 1.50 12.6 3.9 o1 1.7 <0 13.0 1.1 .6 -0
002-005 Te3 32.5 330 1.26 10.5 4a2 .1 l.1 -0 9.5 7 1.0 «0
005-010 7.6 26.8 130 «69 4.8 2.2 ol b «0 4.7 b L -0
010-050 «208
050-100 7200 8.3 «208
100-200 3000 8.1 29.9 1 290 1.30 4.2 9.3 1.3 «3 «0 1.1 «6 14,5 .0 21 3C
100-200
100-200
(A) ESTIMATE
(B) 122 SIOL WATER RATIO

()

BY SOIL MECHANICS LABORATORY,

USDAs LINCOLN, NE.
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of 1972 new spoil (Site No. 13).

Us S. DEPAPTMENT OF AGPICULTUKE

MTSC

SOIL CONSERVATION SERVICE,

SERIES = = = = = = = REVEGETATED MINE SPOTL NATIONAL SJIL SURVEY LABORATORY
LINCOLN, NFBRASKA
SOIL NO - - = - - - ST6MT-087-13 COUNTY - - - ROSEBYD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. 76P0646-76P0653
DEPTH  HORIZON (- = = = = = = = = = = = - - PAPTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3AlA, 3Al8 - = = = - = = = - VRATIC
EINF (= = = = = SAND = = - = = = )(= - =SILT- - - =) FAML [INTR FINE NON- 801
SAND SILT CLAY CLAY VCOS CORS MFDS FNES VFNS COSI FNSI VFSI TEXT 11  CLAY CO3- 15-
2-  .05- LT LY - 1= .5-  .25- .10- .05 .02  .005- SAND .2- T0  CLAY BAR
.05 .002 .002 .0002 1 o8- 5285 el0 O ER02: 002 4002 A= 1s S502:0 “CLAY )
cM (= = = == = == = = - e e - - oo PCT LT 24M = = = = = = = = = - = — — — - - ) PCT  PCT CLAY
000-001  All 61.4 28.1 0 o4 Yol 46,7 13.2 19.4 8.7 48.2 .93
001-002  A12 79.1 1l .1 o4 1.8 60.1 16.7 5.4 5.7 62.4 .38
002-005  Al3 80.8 13.1 of 28 °1i8 638 14:6 . &L 9.0 66.2 .62
005-010  Al4 8l.6 11.5 " d 1.9 62,9 16.4 4.2 ' 1.3 65.2 .51
010-050 C1 75.5 16.8 .3 .5 3.6 %8.6 12.5 3.1 13.7 €3.0 .45
050-100 C2 1.2 " 25.0 .0 & 3N 5056 1.8l 16eT " 803 63.4 .55
100-200 €3
000-005 (A)
NEPTH (PARTTCLE SIZE ANALYSIS, MM, 3B, 3R1, 3B2)( BULK DFNSITY )(= = - —WATEF CONTENT= - - =) CARBONATE (- =PH - =)
VOLa (= = = = = = = WEIGHT = = = = = - - ) 4ALD 4ALH 4D 4BIC 4BIC 4B2  4Cl 6518 3ALA B8C1A 8CLE
6T 6T  75-20 20-5 5-2 LT 20-2 1/3- OVEN COLF  1/10 1/3- 15- WRD LT LY ST g
75 .074 PCT  BAR  DRY BA®  BAP  BAR  CM/ 2 .002 H200 CACL
- PCT LT 75 G/CC  G/CC PCT  PCT  PCT €M PCT  PCT
n00-001 1 0 0 0 2 2 1.28 9.8 ™ T3 6.8
001-002 TR 0 0 R ™" TR 1.4 8 3.7 3 158, 76l
002-005 TR 0 [ ™ TR 1.4 8 3.8 3 8,90 753
005-010 TR 0 o TP ™ TR 1.5 8 3.5 3 Al 7.5
010-050 7 0 0 7 4 11 1.5 8 3.5 11 8.4 T.7
050-100 TR 0 0 TR R TR 1.5 8 2 12 8.5 7.7
100-200 TR 0 0 1 ™ 1 1.58 2.0 12 B3 16
000-005 1.39 1.39 .000
DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTPACTABLE BASES SB4A- -) ACTY AL (CAT EXCH) KATID PATIO CA  (BASE SAT)
6A1A 6BLA C/N 6C2B 6N2E 602D 6P2B 6028 6HIA 6GIE 5A3A 5A6A 801 803 5F1 5C3  5C1
ORGN NTTG EXT  TOTL CA MG NA K SUM  BACL KCL EXTR NHAC NHAC CA SAT  EXTB NHAC
CARB FE EXTB TEA EXT  ACTY TO  TO  NHAC ACTY
[ PCT  PCT PCT  PCT (= = = = = = = = - - -MEQ / 100 G- - - - - - - - - - ) CLAY MG PCT  PCT  PCT
000-001 10.00 .316 32 5.8 T
001-002 1.72 .0T8 22 2.5 TR
002-005 1.07 .067 16 2.4 TR
005-010 .54 .053 10 2.3 .0
010-050 .12 .013 9 3.9 .0
050-100 .05 .006 8 2.9 .0
100-200 .07 .005 14 259 TR
000-005
DEPTH (SATURATFD PASTE) NA NA  SALT GYP (== = = = = = = = SATURATION EXTRACT BAl- - - — - - = — = ) ATTERBERG
8E1 BC18 8A 502 SE 805 6FlA BALA 6NIB 6018 6P1B 601B 611A 6JIA 6KIC 6LIC 6MIC  4F1 4F2
REST PH H20 ESP  SAR  TOTL £C CA MG NA K €03  HCO3 CL  SJ4 HNO3  LQID PLST
OHM- SOLY MMHOS / LMIT INDX
(] CcM PCT  PCT PPM  PCT CM (- == ===~ == MEO / LITER = = = = = = = = = - = ) pCT
000-001 6.7 60.5 1100 2.09 15.0 8.4 el et <0 "18:4 . 1.9 2.0 .0
001-002 7.3 33.9 240 .95 7.0 2.6 Ere 104 S0 752 .9 s .0
002-005 T4 31.5 240 1,01 7.8 2.9 7S B TS | “0 LTaB il o7 .0
005-010 7.8 31.0 120 #9561 3.8, 1.7 .0 .5 o I o3 ) .0
010-050 .20¢C NP
050-100 6100 8.1 «20C
100-200 3200 8.0 28.8 1 280 1.34 6.3 6.6 2.2 .3 .0 .8 o7 167 o)
000-005
(A) CLOD OF All, Al2, AND A13 FOR BULK DENSITY AND MOTSTIRE RETENTION.

(8)
)

ESTIMATE
122 SOIL WATER PATIN
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Table 62. Laboratory analysis of 1973 new spoil (Site No. 12).

SOIL CLASSIFICATION- U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE, MTSC
SERIES = = = = = = = REVEGETATED MINE SPOIL NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA
SOIL NO = = = = = = ST6MT-087-12 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. 76P0635-T6P0645
DEPTH  HORIZON (= = = = = = = = = = = « - - PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3AlA, 3A1B = = = = = = = = = JRATIO
FINE ( - = = = = SAND = = = = = = )(= = =§]LT- = ~ =) FAML INTR FINE NON- 8D1
SAND SILT CLAY CLAY VCOS CORS MEDS FNES VFNS COSI FNSI VFSI TEXT II  CLAY CO3- 15-
2- .05~ LT LT 2- 1= «5-  .25- .10~ .05 .02 .005- SAND .2- TO CLAY BAR
.05 .002 .002 .0002 1 e85 425 .10 .05 .02 .002 .002 2-.1 .02 CLAY 10
(1] (= === === === - e - - - - o PCT LT 2MM - = = = = = - - e e e - ) PCT  PCT CLAY
000-001 A1l 56.1 31.9 12.0 $e30 060 1308 360" 145005 10,7 212 42.1 12 .81
001-002  Al2 64.6 24.4 11.0 o3 .8 2.8 43.6 17.1 6.0 18.4 47.5 11 .45
002-005  A13 58.8 28.2 13.0 - o1 2.7 40.8 14.2 6.3 21.9 44,6 13 .38
005-010  Al4 62.7 26.4 10.9 2 430 204 5 4291758 T4 7190 45.4 11 .55
010-050 Ci 68.0 23.5 8.5 o2 <9 3.9 48.2 14.8 5.3 18.2 53.2 9 .56
050-080 C2 78.2 15.0 6.8 7 «2 1.7 49.8 26.4 1l.4 3.6 51.8 7 .38
080-100 €3 33.1 49.5 17.4 22 S50 Slaa Tiae - Y8R0 7.9 3146 20.1 17 44
100-200 C4 81.0 12.5 6.5 <l 4 3.4 57.6 19.5 5.6 6.9 61.5 7 .40
000-005 (7Y}
DEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 3B1, 3B2)( BULK DENSITY )(- - - -WATER CONTENT- = - —-) CARBONATE (- =PH - -}
VOLe (= = = = = = = WEIGHT = = = = = = = ) 4ALD 4ALH 4D1  4BIC 4BIC 4B2  4Cl 6E1B  3Al1A BClA BCLE
6T 6T 75-20 20-5 5-2 LT  20-2 1/3- OVEN COLE 1/10 1/3- 15- WRD LT RS T
2 75 .074 PCT BAR  DRY BAR  BAR  BAR  CM/ 2 .002 H20  CACL
cH PCT PCT (- - = PCT LT 75 - - = ) LT20 G/CC G/CC PCT  PCT  PCT  CM pCcT  PCT
000-001 2 0 2 1 1 1.3 8 9.7 12 Pebie 5752
001-002 1 0 T™® 1 1 2 1.58 4.9 13 B0, s
002-005 2 0 0 1 2 3 1.58 5.0 13 P e
005-010 2 0 TR 2 2 4 1.68 6.0 14 8.2 1.6
010-050 10 0 9 3 4 1 ASTYT14Ts . <007 9.8 4.8 .08 13 W s 17
050-080 6 0 0 4 5 9 1.78 2.6 14 8.6 7.9
080-100 3 0 0 4 1 5 1,18 7.6 18 TR, 881l wish
100-200 2 0 0 2 1 3 1.69 1.71 .004 8.6 2060 1B 13 8.4 1.8
000-005 1.50 1.57 .015 15.7

DEPTH (ORGANIC MATTER ) IRON PHOS (- <~EXTRACTABLE BASES 5B4A- -) ACTY AL (CAT EXCH) RATIO RATIO CA (BASE SAT)

6A1A  6B1A C/N 6C28 6N2E 602D 6P2B 6028 6HIA 6GLE 5A3A 5A6A 8D1 803 5F1 5C3 5C1
ORGN NITE EXT TOTL Ca MG NA K SUM BACL KCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT ACTY 10 T0 NHAC  ACTY
CM PCT PCcT PCcT PCY. lers siis o = = o e« o WEQ 7 100 6% *ie S sinis aiw = ) CLAY MG PCT PCT PCT

000-001 2.42 .166 15 4.7 TR o7 8.1 .68

001-002 .86 .053 16 3.9 TR -4 5.0 45

002-005 <49 .033 15 4.6 TR -3 4.5 .35

005-010 .38 .027 14 4.5 ™ .3 hob <40

010-050 «50 .023 22 5.3 TR .1 4.6 « 54

050-080 <09 .014 6 4.1 TR .1 3.0 « b4

080-100 «35 .024 15 7.0 TR .2 4.6 .26

100-200 09 .009 10 3.7 TR .1 2.7 .41

000-005

DEPTH (SATURATED PASTE) NA NA SALT BYP = < = & o= sis SATURATION EXTRACT BAl- - - - - = = = = ) ATTERBERG
BE1 8ClB 8A 502 SE 805 6FL1A BALA 6NIB 60LB 6P1B 6Q1B 6I1A 6JIA 6KIC 6LIC 6MIC 4F1 4F2
REST PH H20 ESP SAR TOTL EC CA NG NA K co3 HCO3 cL S04 NO3 LQID PLST
OHM- SoLv MMHOS/ LMIT INDX

CH CcM PCcT PCT PPM PCT Ch | = wisisisis o o w HEQ ZHITER = = ST =" » = = @ = ) PCT

000-001 6.7 47.3 870 2.22 15.8 9.8 .1 3.2 «0 20.4 .8 2.2 .0

001-002 6.8 36.7 430 1.42 9.1 1.2 .1 1.7 .0 10.9 -3 1.5 «0

002-005 T.0 34.8 280 1.08 6.1 4.8 .1 1.4 .0 7.0 .2 1.8 .0

005-010 Teh 34,1 190 .81 3.9 3.6 .1 1.1 .0 4.6 .2 2.0 .0

010-050 7.5 27.7 230 1.13 5.7 6.8 .3 o4 .0 3.2 <2 10.0 .0

050-080 «20C

080-100 1600 7.8 41.5 530 l1.66 7.9 10.3 1.1 .8 .0 1.3 <1 19.6 1.5 NP

100~200 3000 8.0 29.1 270 1.31 5.6 7.8 .9 o4 «0 .9 ST 2.1

000-005

(A) CLOD OF All, Al2, AND Al13 FOR BULK DENSITY AND MOISTURE RETENTION.
(B) ESTIMATE
(C) 132 SOIL WATER RATIO
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Table 63. Laboratory analysis of 1975 new spoil (Site No. 11).

SOIL CLASSIFICATION- U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE, MTSC
SERIES = = = = = = ~SERIES NOT DESIGNATED NATIONAL SOIL SURVEY LABORATORY
LINCOLNy NEBRASKA
SOIL NO = =« a» & ST6MT-087~11 COUNTY - - - ROSEBUD
GENERAL METHODS- - -1A, 1818, 2Al, 28 SAMPLE NOS. T6P0625-T76P0634
DEPTH HOR IZON (=== === =«c=e=« - PARTICLE SIZE ANALYSIS, LT 2MM, 3Al, 3AlA, 3A1B - = = = = = = = = )RATIO
PINE (| = s = ix & SAND = »ia's == (= = =SILT- = - -) FAML INTR FINE NON- 8Dl
SAND SILT CLAY CLAY VCDS CORS MEDS FNES VFNS COSI FNSI  VFSI TEXT 11 CLAY cCO03- 15-
2~ «05~ LT LY s 1- 5= «25= .10- .05 .02 +005- SAND .2~ T0 CLAY BAR
.05 .002 .002 .0002 1 «5 «25 .10 +05 «02 002 .002 2-.1 .02 CLAY 10
CH 5 oive i s i il Lo e, e S e PET LY QN = wie sk m She wlalwie o 5 el - ) PCTY PCT CLAY
000~001 All 13.1 76.8 10.1 .1 .2 5 5.0 7.3 67.9 8.9 5.8 9 «37
001-002 Al2 75.7 15.0 9.3 «8 -8 2.6 53.3 18.2 7.3 T.7 57.5 8 «40
002-005 Al3 T4.6 1649 8.5 -6 o7 2.9 52.1 18.3 5.5 11.4 56.3 8 48
005-010 Al 75.9 16.4 7.7 -5 6 2.6 55.2 17.0 7.5 8.9 58.9 7 «55
010-028 Al5 T5.7 15.4 8.9 -5 <5 2.7 53.8 18.2 8.5 6.9 57.5 8 45
028-050 c1 73.1 19.2 7.7 .2 .6 3.0 53.5 15.8 8.7 10.5 57.3 8 «56
050-080 c2 68.8 22.7 8.5 .2 .5 3.0 46.1 19.0 10.6 12.1 49.8 9 45
080-100 c3 61.3 33.1 5.6 .2 -6 1.7 29.9 28.9 19.8 13.3 32.4 6 .61
100-200 C4 T4.6  19.7 5.7 o1 .6 2.7 50.1 21.1 7.9 11.8 53.5 6 «70
000-005 (A)
DEPTH (PARTICLE SIZE ANALYSIS, MM, 3B, 381, 3B2)( BULK DENSITY )(- - = -WATER CONTENT- = - -) CARBONATE (= =PH = =)
VL e wie & & o = YEIEHT & o ® e ws ) 4ALD 4AlH 4D1 4B1C 4BIC 482 4C1 6E1B  3A1A 8ClA BCILE
GT GT 75-20 20-5 5-2 LT 20-2 1/3- OVEN COLE 1730 1/73- 15~ WRD LT LT 171 172
2 75 «074 PCT BAR DRY BAR BAR BAR (4.74 2 «002 H20 CACL
CH PCT PCY (= =-=-PCT LT 75 - == ) LT20 G/CC G/CC PCTY PCTY PCY (4] PCT PCT
000-001 9 0 2 10 3 13 1.58 3.7 11 1 8.3 7.7
001-002 7 0 2 8 2 11 1.58 3.7 11 1 8.3 T.7
002-005 4 o 2 S 2 7 1.3 8 4.1 11 1 B.4 7.8
005~010 4 0 2 4 3 T 1.58 4.2 10 1 8.4 7.8
010-028 1 o 0 1 1 2 1.58 4.0 10 1 8.4 7.8
028-050 1 0 0 2 2 4 1.6 8 4.3 12 TR 8.3 7.8
050-080 3 [ 0 3 1 4 1.59 1.62 .006 9.7 3.8 «09 14 8.3 7.7
080~100 1 0 0 1 TR 1 1l.76 1.79 .006 14.2 3.4 «19 17 8.0 T.7
100-200 4 0 o 6 1 7T 1.68 4.0 L 8.1 7.7
000-005 1.47 1.50 .007 11.7

DEPTH (ORGANIC MATTER ) IRON PHOS (- -EXTRACTABLE BASES 5B4A- -) ACTY AL (CAT EXCH) RATIO RATIO CA (BASE SAT)

6ALA 6BlA C/N  6C28 6N2E 602D 6&P2B 6Q28 6H1A 6GLE 5A3A 5SA6A BDI1 803 SF1. 5C3 5C1
ORGN NITG EXT TOTL CA MG NA K SUM BACL xCL EXTB NHAC NHAC CA SAT EXTB NHAC
CARB FE EXTB TEA EXT T0 NHAC ACTY
CHM PCT PCT PCT PCT (= o= v =& oo MEQ /7 100 G= = = = = MG PCT pPCY PCY

000-001 <46 .036 13 3.2 TR 2 4.2 42

001-002 44,037 12 3.3 TR .2 4.1 .44

002-005 <43 .038 11 3.5 T®w .2 4.1 <48

005-010 .50 .039 13 4.0 «0 .2 4.5 .58

010-028 «40 .039 10 3.7 -0 ol 3.8 43

028-050 «24 .034 7 3.7 -0 .1 3.9 .51

050-080 .18 .021 9 3.7 TR .1 3.5 41

080-100 «16 .011 15 4.0 TR .1 2.6 46

100-200 «29 .014 21 4.2 .1 .1 3.5 «61

000-005

DEPYH (SATURATED PASTE) NA NA SALT GYP (= = = = = = = = ~ SATURATION EXTRACT BAl- = = = = = = = = ) ATTERBERG
8E1 8C18 8A 502 5E 805 6F1A BALA 6NIB 6018 6PLB 6018 6I11A 6J1A 6KIC 6LIC  6MIC 4F1  4F2
REST PH H20 ESP SAR TOTL EC CA MG NA K co3 HCO3 cL S04 NO3 LQID PLSY
OH M- SOLu MMHOS/ LMIT INDX

M (4] PCcT PCT PPM PCT CA (= o= = = e==NEQ/ LITER = = = = © o = = = = = ) PCT

000-001 T.7 25.1 120 b4 4.8 1.9 .2 b «0 4.5 2 1.4 .0

001-002 7.8 26.0 100 «56 3.8 1.5 .2 3 «0 3.5 .1 1.6 .0

002-005 7.9 25.9 90 «55 3.1 1.6 .3 .3 .0 1.8 .3 1.8 .6

005-010 «20C

010-028 .20C

028-050 «20C

050-080 7.8 28.2 130 70 3.6 2.8 .3 .3 .0 1.6 .1 4.9 o7

080-100 2400 7.6 26.0 350 1.67 12.1 7.9 .5 .5 .0 1.5 «2 18.7 1.7 20 30

100-200 2700 7.7 26.8 3 310 1.47 8.5 8.6 «5 o4 .0 1.3 2 16.2 1.1

000-005

(A) CLOD OF All, Al2, AND Al3 FOR BULK DENSITY AND MOISTURE RETENTION.
(B) ESTIMATE

(C) 112 SOIL WATER RATIO

(D) BY SOIL MECHANICS LABORATORY, USDA, LINCOLN, NE.
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Table 64.--Volumetric soil water percentages of Undisturbed soils.

1976
Native Depth
soil (cm) 6/9 6/29 7./1% 8/11 8/24 9/15 10/22 11/24
15 21 18 10 05 09 J6 20 33
30 26 25 7 10 12 10 09 14
45 26 27 v 12 13 11 10 13
60 27 28 25 14 15 14 12 14
CHINOOK 75 28 29 27 16 18 16 15 17
90 30 31 29 20 23 19 18 20
120 28 30 29 24 29 24 22 24
159 33 34 34 30 32 32 27 31
180 30 3% 32 28 31 29 256 29
210 33 32 31 29 29 32 26 39
240 29 30 30 28 31 - 28 25 30
> 33 38 27 26 18 18 25 30
30 37 42 36 26 24 24 23 30
45 38 41 37 29 25 26 25 23
60 39 42 38 33 39 30 29 32
YAMAC 75 40 42 39 37 35 35 34 38
90 5 | 43 40 40 36 39 36 41
120 40 42 39 40 37 39 33 41
1590 33 41 38 33 36 38 32 38
180 38 40 37 37 35 36 31 37
210 35 39 36 37 36 35 30 36
15 29 23 20 22 23 26
30 35 27 25 26 22 27
45 36 28 26 26 22 26
69 38 30 26 26 21 26
KOBAR 75 37 29 25 25 21 25
90 34 29 26 25 20 25
120 28 27 25 25 21 24
150 27 27 25 25 21 25
180 25 26 24 25 22 25

210 31 31 29 30 27 30

6GT




Table 64.--(Continued)

1977
1/15 212 =-3/13 4/6 4/14 5/2 5/15 5/29 6/15 7/8 7/19 ;T
25 32 23 31 20 09 15 22 14 07 06 04
18 26 27 34 25 17 20 24 19 11 10 05
14 18 26 34 28 23 24 24 20 13 12 11
14 16 27 34 29 26 25 25 23 15 13 13
15 18 27 32 31 27 27 26 25 18 17 15
19 20 27 30 31 29 28 27 27 21 20 19
21 22 25 26 31 28 31 27 27 25 24 23
27 27 29 30 31 31 29 31 31 30 28 29
25 26 26 27 30 28 30 28 28 27 26 27
26 27 27 28 28 29 28 30 30 29 29 30
26 27 27 2 25 28 27 29 29 28 28 28
37 41 37 19 34 31 27 18 17 16 =
38 41 33 32 35 35 31 24 21 21 =
37 40 39 34 35 35 33 26 24 24
36 40 39 35 37 36 36 29 26 27
37 42 40 35 39 37 38 33 32 33
37 42 41 36 39 38 39 37 35 37
36 41 40 35 36 38 38 39 38 39
33 37 38 34 36 36 36 37 34 37
32 33 36 33 34 35 36 35 34 36
31 32 34 32 32 34 34 34 33 34
48 38 42 39 23 32 31 31 25 21 20
46 38 42 40 36 34 35 31 26 24 26
A 36 42 40 38 36 35 32 26 24 26
43 34 42 39 18 36 36 33 28 26 28
38 30 38 37 38 33 35 32 29 26 29
33 27 30 32 34 31 32 30 29 27 29
29 22 24 25 25 23 25 24 25 24 24
28 22 23 22 23 21 23 23 22 22 23
28 22 23 23 21 28 21 21 23 23 23
34 27 28 27 26 31 27 27 28 28 27
===




Table 64.--(Continued)

1976
Native Depth

soil (cm) 6/9 6/29 7/11 8/11 8/24 9/15 10/22 11 /24

15 13 16 10 23 05 04 11 12

30 19 23 16 07 07 09 09 15

45 29 21 19 11 10 07 09 15

650 21 20 21 15 14 10 12 13

BUSBY 75 24 22 23 18 18 14 19 15

(6) 90 27 23 24 20 19 17 17 18

120 27 24 27 23 22 19 17 18

1590 30 26 29 25 25 22 21 21

180 33 29 32 27 28 24 22 23

210 & 36 40 34 34 26 25 24

240 37 36 34 33 33 31 39

15 17 15 07 04 03 03 05 3|

30 21 21 14 09 08 07 06 11

45 24 23 19 12 4 09 28 11

60 27 26 22 1% 13 11 09 13

BUSBY 75 26 25 22 15 13 12 08 13

(8) 90 26 23 22 15 14 12 10 13

120 30 39 39 26 23 19 16 29

1590 28 28 29 25 23 20 15 20

180 25 25 25 28 21 19 13 19

210 25 25 25 23 22 19 15 29

249 23 23 23 22 21 19 14 19

19T




Table 64.--(Continued)

1977

1/15 2/12° 3713 4/6 4/14 5/2 5/15 5/29 6/15 7/8 7/19 7/31
21 29 19 28 21 14 11 14 14

19 24 21 31 24 19 20 20 14

16 17 19 30 25 23 17 20 16

16 17 17 28 25 23 20 19 18

18 18 18 28 26 26 21 20 26

5 19 19 25 26 28 22 22 28

21 21 20 2% 25 28 24 22 23

22 23 22 22 25 29 25 24 25

25 25 28 23 25 30 27 25 26

23 30 27 27 28 33 31 28 31

14 32 17 23 17 0% 10 14 08 06 04 03
1} 27 19 26 20 13 15 18 14 09 07 05
10 25 20 29 23 18 19 21 17 11 10 29
1 § 22 20 31 26 22 21 23 19 13 11 10
11 17 17 27 25 23 19 21 19 15 13 19
11 17 14 21 23 21 23 19 17 15 13 12
18 20 21 21 24 24 22 23 22 19 17 15
19 20 19 20 20 21 18 22 21 22 20 21
17 19 17 17 18 18 17 18 18 19 19 19
17 17 17 18 18 1y 16 17 16 17 16 18
16 18 17 24 14 17 16 17 16 17 17 16

91




Table 65.--Volumetric soil water percentages of 0ld Spoils.

1976
01ld Depth

spoil (cm) 6/9 6/29 2£11 8/11 8/24 9/15 10422 11/24

15 21 20 15 07 07 07 12 16

30 23 26 29 13 12 12 10 16

45 22 24 20 12 11 14 09 12

1924 60 22 23 20 12 11 10 08 11

(5) 75 22 21 19 11 10 10 10 10

90 23 21 20 11 10 10 08 10

120 27 25 24 14 13 13 10 13

159 22 21 29 1} 19 10 97 10

189 11 12 12 09 08 28 06 08

210 08 29 09 09 28 28 26 08

15 14 10 26 05 4 08 12 13

32 23 19 10 11 10 10 13 16

45 24 20 14 12 11 10 12 12

1924 60 24 21 15 12 12 09 12 12

7 75 23 29 14 11 10 08 10 11

90 21 18 14 10 09 08 08 29

120 21 20 14 11 11 10 10 bk

150 21 20 15 14 13 11 12 13

180 19 19 18 15 14 13 14 15

210 17 17 18 16 15 13 14 15

240 16 16 17 16 16 14 15 16

15 16 18 10 07 06 09 09 15

30 20 23 17 13 11 11 10 15

45 20 23 19 14 11 11 10 12

1924 60 20 22 11 14 1 11 07 17

(9) 75 21 23 29 15 12 12 07 12

90 22 23 21 16 13 12 10 12

120 23 24 23 19 15 14 10 14

159 24 24 24 7% 17 16 10 16

180 24 24 24 23 19 18 12 18

€91




Table 65.--(Continued)

1977
1/11 2712503413 4/6 - 4/14 52 5/15 5/29 6/15 7/8 7/19 7/31
28 36 25 20 27 10 19 19 27
18 24 24 31 28 24 20 26 23
12 15 19 29 27 Z2 19 24 21
10 12 12 24 25 23 18 22 18
09 10 09 17 25 22 17 19 15
10 11 09 14 15 19 14 17 13
12 13 11 11 12 14 10 14 13
10 11 09 10 09 10 07 10 10
08 09 07 08 08 08 07 05 08
08 09 07 08 08 08 07 07 07
20 32 23 31 26 13 16 19 17
16 23 23 32 28 28 18 25 18
12 15 19 30 27 32 19 24 19
11 12 15 24 24 31 17 23 9
09 10 10 S 17 27 12 20 16
08 09 J8 10 12 19 18! 14 13
09 11 09 10 10 14 10 11 11
12 13 12 12 12 o 11 11 12
13 14 12 13 13 16 L1 13 L3
14 15 13 14 13 16 12 13 13
14 L5 14 14 14 14 12 14 13
20 26 22 28 23 09 14 10 13
17 17 22 29 25 19 21 18 13
14 14 20 28 24 21 18 22 17
12 14 17 26 29 21 D 22 17
12 13 15 23 23 21 19 21 18
12 12 15 20 21 21 20 21 18
13 13 14 19 18 18 39 20 18
15 15 15 17 19 19 18 19 18
R 17 16 16 18 20 17 18 18

Y91




Table 65.--(Continued)

1976
Old Depth

spoil (cm) 6/9 6/29 7/11 8/11 8/24 9/15 10/22 11/24

15 28 33 20 0¢ )8 07 12 18

32 30 50 26 15 13 11 11 L7

45 29 35 27 157 16 14 12 16

1932 60 28 32 25 18 17 15 10 16

75 26 29 24 18 17 15 13 15

90 27 29 25 21 20 17 16 18

120 27 39 26 24 23 20 17 29

150 24 26 24 24 24 21 19 22

180 21 23 21 22 22 20 16 21

210 23 22 20 22 21 20 17 21

240 19 20 19 20 20 19 16 20

15 31 21 22 20 28 30

30 42 37 37 33 35 37

45 40 48 46 43 45 46

1948 60 52 52 50 47 41 50

75 46 44 43 40 38 43

90 48 49 47 44 45 48

120 53 55 54 49 44 23

150 54 55 53 50 49 53

180 58 57 25 51 52 53

210 59 63 63 57 b | 63

240 50 52 51 47 45 49

S9T




Table 65.--(Continued)

1977

1/11 2203018 4/6 4/14 5:/2 5/15 5/29 6/15 7/8 1/19.:8= 7/3]
23 38 28 39 33 18 24 24 19 12 08 08
20 31 28 39 35 30 26 30 22 17 13 13
16 25 24 36 32 30 24 29 23 18 16 15
14 23 20 29 29 27 22 25 22 18 16 16
14 21 X7 20 23 23 20 22 20 18 16 16
15 23 18 19 20 21 20 23 20 18 16 17
18 22 20 20 20 20 18 20 20 20 15 e
18 22 19 20 19 18 18 18 19 19 18 18
18 20 19 9 39 12 18 19 T 19 18 18
18 23 19 20 19 19 17 19 19 19 18 18
17 12 18 19 18 19 18

38 49 44 49 45 27 37 32 31 26 24 20
39 52 48 53 51 42 45 42 41 35 33 32
41 57 50 59 56 49 54 46 45 42 39 40
48 56 52 56 57 57 48 52 49 47 45 48
41 51 46 47 49 50 47 46 43 41 39 43
46 54 48 50 50 49 53 46 47 44 41 42
50 56 52 53 56 55 51 23 50 49 48 49
45 55 2l 54 54 5 510 51 52 50 47 47
49 60 52 56 54 53 61 52 52 48 46 48
59 53 59 59 61 61 48 60 61 59 57 59
47 49 47 47 58 49 o | 48 49 47 46 46

99T




Table 66.--Volumetric soil water percentages of New Spoils.

1976
New Depth
Spoil (cm) 6/9 6/29 7111 8/11 8/24 9/15 10/22 11/24
15 27 36 23 17 17 17 18 22
30 33 41 30 23 23 22 Z) 23
45 35 44 34 27 25 25 22 24
1969 60 35 45 34 28 26 26 23 23
75 39 48 39 36 35 32 34 29
90 44 52 42 40 17 38 27 35
120 31 37 31 29 28 25 26 22
150 28 31 27 25 24 22 18 22
180 30 32 27 27 26 24 19 21
210 29 34 29 29 29 28 26 24
15 15 17 08 03 02 4 10 10
30 22 28 18 11 09 09 10 14
45 24 28 23 15 1 12 12 14
1970 60 26 29 26 19 16 16 5 14
75 28 29 28 21 18 16 14 14
990 29 32 31 24 19 18 15 16
120 21 32 32 25 21 20 17 17
59 30 11 31 26 22 19 18 18
180 27 27 28 24 21 18 16 17
210 25 26 26 25 21 20 16 17
15 05 092 00 00 20 J8 04
30 21 g 05 06 07 10 15
45 28 20 i3 10 12 12 7
1972 60 31 25 11 16 17 17 19
75 33 30 22 21 23 18 22
90 32 30 23 22 23 20 22
120 32 31 26 25 26 20 24
150 31 30 26 24 26 20 24
180 29 28 25 24 25 20 22

91




Table 66.--(Continued)

1977

1/15 2/12 3/13 4/6 4/14 5/2 5/15 5/29 6/15 7/8 7/19 7.43%
26 42 31 38 32 21 28 26 25 18 15 14
25 41 33 39 35 29 30 29 28 24 22 20
24 37 33 38 36 33 31 33 30 26 23 23
24 38 22 36 37 34 33 32 30 26 25 24
31 G4 37 41 41 36 36 33 37 32 29 27
33 45 38 35 41 43 26 42 38 38 37 37
22 34 26 26 27 26 22 26 26 24 22 21
13 28 21 21 22 22 25 22 21 20 19 19
21 31 23 23 24 24 24 25 24 25 23 23
23 31 26 26 26 25 27 23 25 24 24 23
22 37 21 30 20 40 12 09 10 06 03 90 i
18 27 26 33 27 18 18 20 15 10 08 07 &
14 20 24 30 27 23 21 22 17 13 11 10
14 20 22 27 28 25 23 22 19 16 14 13
14 22 21 25 28 26 25 23 21 17 16 14
16 23 20 23 28 27 24 24 22 19 17 15
17 21 19 20 24 25 21 23 22 20 18 16
18 19 18 15 21 21 18 21 21 19 18 17
16 17 17 17 18 18 18 18 18 17 16 16
16 18 17 18 18 18 18 18 19 18 16 16
19 23 12 19 25 01 09 01 00 00 00 02

23 32 20 30 29 11 19 15 0o’ 07 05 09




Table 66.--(Continued)

1976

New Depth

Spoil (cm) 6/9 6/29 7/11 8/11 8/24 9/15 10/22  11/24
210 28 28 26 25 26 19 23
240 28 28 27 26 28 22 24
15 23 14 08 07 09 17 15
30 34 27 16 14 16 16 20
45 37 31 20 18 19 18 20

1973 60 37 33 23 20 22 20 20
75 38 35 27 24 25 24 23
90 39 37 31 28 29 24 26
120 38 37 31 28 29 27 24
150 40 37 35 32 33 29 30
15 27 22 19 19 17 26
30 36 32 28 29 27 26
45 37 35 31 32 30 28

1975 60 38 35 33 34 32 30
75 38 37 34 36 34 31
90 38 36 35 37 35 31
120 39 37 36 39 37 34
150 39 38 37 40 38 34

69T




Table 66.--(Continued)

1977

1/11 2/12 3/13 4/6 5/14 5/2 5/15 5/29 6/15 7/8 7/19 7/31
23 23 23 25 25 26 26 25 24 27 25 25
23 24 24 25 25 24 27 24 23 24 23 22
22 28 23 30 23 09 17 14 09 08 07 C
22 26 26 33 29 22 z2 24 18 17 16 15
21 23 25 32 30 2% 24 25 20 9 iz 16
24 25 24 28 31 29 28 26 24 21 20 20
26 27 26 27 31 27 26 29 27 23 22 22
24 27 24 26 29 28 32 26 25 23 23 23
30 31 29 29 31 33 30 32 31 32 32 33
30 41 27 40 28 15 25 18 20 19 15 13
28 39 31 39 33 30 29 31 27 26 23 23
29 37 31 38 35 32 29 53 29 28 25 25
30 35 31 37 35 34 33 33 31 31 28 28
31 36 33 36 35 35 33 34 32 33 30 31
33 37 33 35 35 35 33 35 33 34 32 32
34 38 33 35 34 35 34 34 33 35 34 34

34 39 33 35 34 34 34 35 34 37 34 36

0LT
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Table 67. Desorption characteristics (% H90 by volume) of soil profiles
of undisturbed soils.

Native Soil (site no.)

Soil Depth Pressure

(cm) (bars) Chinook  Yamac Kobar Busby (6) Busby (8)
5-15 0 39.8
0:3 1346
15 7 hs
15-25 0 40.0 50.8 - 42.0 1148
0.3 1357 39.2 40.0 11 D! 11.8
LS 6.9 4.9 20.2 5.5 512
30-40 0 44 .0
053 12:5
15 9.d
51-61 0 395 55.8 - 41.4
053 1533 40.1 29.6 13,6
15 4.9 5.5 14.6 5.8
142-152 0 702 56.0 - 40.8
053 1847 39.9 2245 15.0
15 352 5%3 8:1 4.4

Table 68. Desorption characteristics (% H20 by volume) of soil profiles
of old spoils

Spoil Age (site no.)

Soil depth Pressure

(cm) (bars) 1942(5) 1924(7) 1924 (9) 1932 1948
5-15 0 46.0 45.2 49.2 45.6 -
0.3 16:2 13.0 22.9 23.6 40.0

15 he? 6.4 L5k 8.0 202

51-61 0 43.0 40.7 49.5 STsd -
03 12.5 160 20,2 272 29.6

1L 6.7 6.3 13..6 83 14.6

142-152 0 44%5 43.8 Gl 45.8 —
0.3 A I i 1) 2 24, I 20.4 2255

15 6.4 5.9 1241 8.6 8l
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Table 69. Desorption characteristics (% H20 by volume) of soil profiles
of new spoils.

Spoil Age
Soil Depth Pressure
(cm) (bars) 1975 1973 1972 1970 1969
5-15 0 47.1
0.3 25.9
15 10.0
15-25 0 38.7 46.5 47.8 48.0 42.4
03 1635 21.4 24.5 2143 1752
1" 6.6 Th0ps 10.0 Tsd 4.2
31-40 0 46.2
0:3 2144
15 7
40-51 0
053
15
51-61 0 50.0 40.6 43.0 4303
Q3 25.0 16.7 20.4 1795
15 8.9 ST 6.6 855
142-152 0 48.6 42.1 45.7 40.0
0.3 27 .4 16.8 18.7 16:1
15 4,2 5.0 5.0 47




APPENDIX H. Soil Water Potentials
and Soil Temperatures
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Table 70. Soil water potentials (-bars) for undisturbed soils

and minespoils at Colstrip study area.

Site iy ¥ T i DATE. = .- uld
6/29 711 /i 1173 2712 V1w /2 /10 719 7791
CHINOOK=1 15 | 12.0 2.} 4.6 R.9 1.0 x 10.7 4.4 10.6
50 3.2 6.1 10,6 H.o4 203 6.7 10.2 7.6 9.8
90 s 12 5.0 3.3 5.6 ] 13.8 1.3 ]
150 4.5 4.6 4.1 15.4 n 1.9 AR 2.1 4
YAMAC-2 15 4.1 6.7 2.8 4.2 5.9 1) 20.0 2.6 2.4 3.9 e 3 75
50 3.4 6.5 1.9 1.6 4.2 6.7 6.2 v 1.6 8.8 0 2.1
90 5.8 11,2 2.0 2.1 4.9 5.3 (] 4.4 4. 10,8 1.0 1.6
150 16.1 14.7 4.5 ) 2.2 0.8 20,6 4.0 2.9 i L 1.9 )0
1948-3 15 %] 21.8 16,9
50 1.4 4.9 H.0
90 1.0 1.8 1
150 1.8 1.8 3
1924~ 15 9.0 2.7 1.4 3 23 9.4
U 7.6 1.4 20,0 x x x -
90 2.1 v.6 1.8 20.1 18 1
150 15.4 15.2 17,0 x x «
BUSHY=0 15 x 2.0 21.6 1.1 1.8 14.4
0 2.9 5.2 7.6 6. 12,1 17,6
L0 1.7 3.5 3.0 2.0 0.2 17,2
140 v 2 3.8 2.4 ey 2.4 21 1
1924~ 15 1.9 2.4 1.3 1 4o 10,9 10,6 10.0 1.4
50 b2 2.2 x x X x 3.4 By |
90 16,3 5.2 2.0 4.2 10,0 1.1 18,4 2.9 x 1n.n
150 17:1 12,5 14 16 5.5 3. &b 2.0 6.6 1.9
BUSHY-H 15 10,0 1.9 x x x x x 2.4 1.2 6.8 1.9 10,0 9 7.6
50 1.0 1.8 2.6 4.5 12.7 211 17.6 1.8 2.9 2.7 4.3 5.0 4.5
90 72 2.3 2.9 e H. 1 9.9 2.6 2.6 2.3 1.6 1.3 239
150 C.5 b k2 2.9 3.8 S.7 7.6 2.6 1.0 x 5.4 4.7 4i 7.4
1924-9 15 6.1 1.4 % 10.1 x x
50 9.9 3.4 1.9 6.7 188 x
90 18.3 7.8 7.7 x x
150 11.5 9.4 1 8.1 x x
1932-10 15 6 V.2 6.2 6.5 20,1 6.7 4.3 18.3 1041 5.1 10.4
50 7 2.6 10,7 1.2 8,2 2.5 5.1 4.8 0.3 X 1.7 41
90 34.9 12.3 5.0 3.0 6.7 4.0 3.7 517 17.3 .8 1.3 1.7
150 5.4 6.8 1.8 1.4 35 4. 6. 508 1.9 o7 x X
1975=11 15 4.5 1.8 5 f 2.5 4.0 1.6 49 10,5 4,1 N 2 b
50 1.7 1.7 9 1.0 1.9 1.3 20.9 o 9.2 157 .9 1.0
90 1)ie§ 1.5 1,0 1.2 1.9 1S 4,2 2 ¢ 18.7 1.0 4.3 3.8
150 2.7 9.6 1.0 Vil 6.9 1.8 3.7 ) 2.1 6.3 6.7 1.7 2.4
1973-12 15 4,5 4.7 .4 7.8 x 2.7 1.6 4.4 4.0 10.8 6.2 2.1 7.0
50 §if 11.9 14.3 22.2 1.8 n.2 15.6 6.2 5.3 2.4 1.0 137 1.9
90 4.2 2.9 LA} 29 1.2 x R 13.4 9.8 1.8 1.4 1.8
150 20.5 2.1 2.4 9.1 o] 17,4 .4 1.5 3.1 4.8 1.6 1.9 2.6
1972-13 15 9.5 29.6 2.3 8.9 b b 12.1 1.1 x 2.9 1.1 16.1
0 14.9 1.8 2.2 2.3 2.0 5.8 Al x 13.8 12.4 3.
90 15.4 2.8 3.0 4.6 X/ 1.2 20,7 18.0 2.0 2.3 I 4.2
150 1.0 3 1.0 4.3 1.0 0.1 1.3 x 6.7 7.8 7.6 1.4
1969~ 14 15 20.9 4.3 9.7 7.8 1.5 V5 3.7 3.3 h.h 4.7 X
50 15.5 4.3 x x x 4 02 1.6 2
90 10.0 4.5 0.7 X x 545 1.8 A 3.0 4.9
150 15.7 14.6 7.9 x x x x 1.6 4.8 4.9 x
1970-15 15 1.1 1.8 19.1 13.8 19.1 61 22,4 .8 1. 22.8 v
50 6.7 2.6 1.4 4.1 7.0 14.7 10.9 3 6.4 10,9 4
90 9.8 8.3 6.0 6.7 b 6.5 41,1 4.8 4.8 4.7 .8
150 6.1 o 2.1 2.7 2.9 1.7 9.4 12.5 5
* - Psyehrometers removed for cleanfng and cal fhorat fon

x - Denotes psych

rometer

failure




Table 71.

fable

Site

CHINOOK:

YAMAC=2

1948-1

BUSBY-6

KUSBY-H
1924-9
1932-10
1975-11
1973-1
1972-13
1969-14

1970-15

* - Psychron
x - Denotes

sters removed
ychrometer fallure

Lemperature

bepth(em)

15
50
90

150

150

15
50
90
150

50
9n
150

50
90
150

15
50
90
150

W)
o)
150

15

90
150

0
90

90
150

15
50
90
150

15
50
a0

150

cleaning

for nat vy

4. 21.2
1.9 200,1)
1 19.8
2.0 234

1 21.5
1 20.0
R 18.6
10.R 1.1
1H.6
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APPENDIX 1. Vegetation Descriptions
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Table 72. Dominant vegetation and ground cover of sites at
Colstrip study area in June, 1976.
Site (No.) Dominant Vegetation Percent Ground Cover
Vegetation Litter Bareground
Spoil Age
1924 (5) Half-shrub - a. grass 41.3 93.3 5k
1924 (7) Half-shrub - a. grass 64.0 e 98.9 e 2.6e
1924 (9) P. grass - forb 307 84.9 13:1
1932 P. grass and shrub S57iel 96.7 233
1948 -—— -—— -—— ---
1969 P. grass and shrub 53.8 87.5 746
1970 P. grass 41,1 94.6 52
1972 P. grass and legume 2] o] 99.6 0.7
1973 P. grass 23.4 98.3 2.0
1975 Forb and grass seedling 11.1 0.4 97.3
Native Soil
Chinook A. grass - forb 41.6 e -——- 20.0 e
Yamac P. grass - forb 75.0 e 74.6 20.4
Kobar = = mes g
Busby (6) B. forb - a. grass 64.6 79.9 1330
Busby (8) pit iy S i

e: estimate from other months
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