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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.
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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
L]

Rosebud
County

COLSTRIP

Location of Colstrip study area.

Al
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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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Figure 5. Infiltration vs. Time measured in undisturbed soils at
the Colstrip study area in August, 1976.
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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).
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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.












































































































































































































































































































































































































































































