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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 I - 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 (I 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: 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 pro­
portional 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.

Makimum 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.



CHAPTER, I

, INTRODUCTION

An estimated I 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, these figures empha­

size the necessity of adequate reclamation if our country is to maintain 

a quality environment and protect its economic land base.

Reclamation studies in Montana began at Colstrip in 1968 under 

direction of the Montana Agriculture Experiment Station of Montana State 

University. Lands mined since 1968 and nearly all abandoned spoils from 

earlier mining activities were recontoured and reseeded in an effort to 

control erosion and increase forage production. The few abandoned 

spoils that were 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 soil 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 

soil," 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 "*")" (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 general term, infiltration velocity, is used when these 

restrictions are not met (U.S. SLS, 1969).

Infiltration is mainly a function of the soil's matric and 

gravitational potentials, which are both at a maximum during the early 

stages of infiltration. Matric potentials decrease near the surface as 

the wetting front moves deeper into the soil profile, causing a decrease 

in infiltration over time. Other factors often contribute to this 

decrease: swelling of soil colloids; surface compaction by raindrops;

and the clogging of soil pores with silt particles (Diebold, 1954). 

Occasionally, infiltration increases over time because the wetting front 

reaches a more permeable layer.

Only a few investigators have studied infiltration in -stripmine 

spoils. Linstrom (1960) demonstrated, the effect of compaction in infil­

tration in North Dakota stripmine spoils. He found that infiltration
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rates dropped from 10.0 cm hr on ungraded spoils to 1.0 cm hr-"*" on 

graded spoils.

Arnold and Dollhopf (1977) studied the effect of topsoiling and

revegetation on infiltration in stripmine spoils of southeastern Montana.

They used a rain-simulator type infiltrometer to measure infiltration on
—1topsoiled-revegetated spoils (7.81 cm hr ), topsoiled spoils (4.46 cm 

hr-1), non-topsoiled revegetated spoils (1.78 cm hr-1) and an undist­

urbed soil in the area (12.4 cm hr"1). 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.

Infiltration was measured by Dollhopf et al. (1977) on stripmine 

spoils in Montana and 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 spoils in 

Kentucky where he measured surface densities over an extended time 

period On graded spoils. He found that surface densities decreased sub­

stantially after winter; he attributed the decrease to frost action.

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 investigators 

(Dortignac et al., 1955; Grumbs et al., 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 profile. Some of the 

water may eventually enter the groundwater table and some may evaporate 

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 minespoil’s water-holding capacity during reclamation 

procedures.

The preferred method of measuring in siitt soil water content. 

utilizes neutron scattering techniques. This method is particularly 

useful when monitoring soil moisture changes over extended time periods 

since access tubes may be left in place and soil samples need 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 neutron scattering method is 

that it underestimates soil water contents near the surface-atmosphere 

interface. This happens because the sphere of influence, the volume 

of soil in which a counting device is influenced by the slow neutron 

density, extends beyond the soil surface. 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 determined for each soil type under investigation (Rawls 

and Asmussen, 1973).

As with infiltration, only a few investigations have been made 

concerning soil water contents in stripmine spoils. Vefma and Thames 

(1975) used the neutron scattering method to measure soil water 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 to May. They also showed that soil water contents increased 

the most during the snowmelt period.

Dollhopf et al. (1977) measured soil water contents in stripmine 

spoils of Montana 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 all 

treatments, while lower profiles reached a maximum during June. Their 

data indicated that topsoiled-gouged and topsoiled-chiseled treatments 

usually resulted in higher soil moisture levels than their nontopsoiled 

counterparts. They suggested that the swelling of expanding type clays 

during the infiltration process can adversely affect soil water contents.

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 period from 

May to November.

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 quantity of pure water in order to transport 

reversibly and isothermalIy an infinitesimal quantity of water from a 

pool of pure water, at a specific elevation 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 soil water 

potentials are accurately estimated using the Kelvin equation:

o

where T is the soil water potential, R is the ideal gas constant, T is
Pthe absolute temperature, V is the volume of a mole of water and —  is
o

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

The greatest source of error associated with in si-tu 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-r



7

mized by positioning TCPs horizontally, parallel to the temperature 

gradient, in the top 40 cm soil profile (Merrill and Rawlins, 1972)'.

This has shown to be particularly important when using double-junction 

type TCPs. Several researchers have, stressed the importance of cali- 

brating TCPs if small soil water potential differences are being 

examined (Campbell and Gardner, 1971; Lang, 1967).

Root Characteristics

The principal soil factors affecting root characteristics are 

temperature,, moisture, aeration, physical impedance, and nutrient 

supply. These factors mainly affect production of growth regulators 

in the root and subsequent variation of: supply of these regulators to 

the meristematic regions of the plant (Russeli 1973).

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

respiration, cell wall permeability, and ability to take up ions 

(Salisbury and Ross, 1969). These reductions minimize plant root 

branching and elongation. Higher soil temperatures stimulate root 

production and nutrient uptake, but extremely high soil temperatures 

may damage roots.
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Gingrich (1963) studied the effect of soil temperature on the 

uptake of phosphorus in winter wheat. He found that while total amounts 

of phosphorus in top growth increased with soil temperature, 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 

with water potentials greater than that from which a plant is capable 

of extracting water. For instance, the roots of some semiarid grasses 

can grow into soils having, soil water potentials of -15 bar, while the 

roots 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 very 

dependent on water supply by excavating root systems in a short-grass 

prairie after a run of drought years and a run of wet years. His 

illustrations showed that root systems grew profusely to a depth of 2 

meters in average years, but were restricted to the top meter in dry 

years.

Huck (1970) examined the effect of soil .aeration on taproot 

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 

the 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 (1964) on

cotton seedlings, it was found that root growth was depressed at oxygen

levels below 10 percent in soils with bulk densities of less than 1.5 
-3

g cm . Higher bulk densities were reported to be more detrimental to

root growth than low oxygen levels.

A great deal of knowledge has been accumulated over the past

25 years about the effects of nutrient supply on root characteristics

using radioisotope techniques. For instance, radioactive phosphorus 
32( P) was employed to show that a microbial population living in the

rhozosphere, a soil zone adjacent to root surfaces, competes with roots

for nutrients, competition which can be particularly severe when

nutrients are in short supply (Russell, 1973).
32Nye and Foster (1958) investigated P uptake in relation to 

specific root activities of different plant Species, but found no sig­

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

phosphate pool" which is believed to maintain an equilibrium chemical
32potential in the soil solution where P exchanges freely with soil 

phosphorus.

Hammes and Bartz (1955) discussed factors which influence soil 
32fixation of P, including isotopic dilution, moisture, pH, texture,

voids, and ped surface areas. They concluded that, "differential fixa- 
32tion of injected P is of minor importance to the interpretation of
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root development. . and suggested that no attempt need be made to
32correct for any factors Influencing P uptake.

The same conclusions were reached by Lipps et al. (1956) after

having formulated a method for determining correction factors that 
32accounted for P availability. In the same paper evidence was given

which indicated that phosphorus uptake is influenced by soil moisture,

but that it doesn't necessarily parallel water absorption. They found

that phosphorus absorption from the surface soil may remain relatively

high even after the soil becomes dry. They concluded that plants are

capable of absorbing phosphorus without appreciable water absorption.
32The studies cited above concerning root uptake of P were con-

32ducted under laboratory conditions. In situ use of P usually involves 

its injection into the soil and removal of above ground portions of 

plants growing near the injection holes to the laboratory for analysis 

(Boggle et al., 1956; Arepkorah, 1975). Unfortunately, this procedure 

has the disadvantage of destroying all or parts of the plant under 

analysis. Burton et al. (1954) circumvented this problem by measuring 

in situ radioactivity with a survey meter held in contact with the 

vegetation they were studying.



CHAPTER 3

Study Area

The study area is located on the Missouri Plateau in south­

eastern Montana near Colstrip, approximately 350 km east of the Montana 

State University campus in Bozeman (Figure I). The Colstrip area is 

characterized by valleys, rolling hills, and scattered sandstone out­

croppings. Typical vegetation is predominantly 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 southeastern 

Montana alone (Van Derwalker, 1975).

The climate in the Colstrip area is of the semiafid 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, and June. Winds with average velocities of 15-20 
-Ikm hr occur much of the time. Well-defined warming winds called 

"chinooks" occur in winter and spring, and strong winter windstorms 

called "blizzards" are not uncommon.

Most soils■have developed on sedimentary rocks, residium and 

colluvium consisting of sandstone, siltstone and shale. Solum thick­

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

Torriorthents, Borollic Camborthids, and Aridic Haploborolls.
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Figure I. 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).

R42E

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.^

-----  PIT FOR SOIL SAMPLING

PSYCHROMETERS 
(15,50,75,150 cm)

18.3 m

6 0  ft NEUTRON ACCESS TUBES 
(2 5 m)

METAL POST

P32 RESEARCH AREA ------ 3 STRAND BARBED-WIRE FENCE

WOODEN POST

PLOT DESCRIPTION

Figure 3. Plan view of study sites showing layout of plot.

Soil profile characteristics were described by Montana State 
University Professor G. A. Nielsen and members of the U.S. Soil Conser­
vation Service. Soil samples were analyzed at SCS laboratories in 
Lincoln, Nebraska (USDA, 1967).
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Infiltration Velocity

Infiltration velocities were determined on three randomly- 

selected positions on each site in August, 1976, with a rain-simulator 

type infiltrometer. Meeuwig (1971) described the construction of this 

apparatus. The infiltrometer was positioned approximately 50 cm above 

the soil surface and water was applied through 517 capillary tubes on 

a 0.31 m area. A flow meter registered the rate of water 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 equal to the soil's 

infiltration velocity.

Soil Water Content

Soil water contents of upper 240 cm profiles were measured with 

a Troxler 100 mCi Am-Be source, BF^ detector type neutron probe. Field 

measurements were correlated to volumetric soil water percentages using 

the factory calibration supplied with the probe. Soil desorption 

characteristics were determined using undisturbed soil cores.

Soil Water Potential and Soil Temperature

Soil water potentials 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 laboratory for cleaning and calibration in March, 1977 (Sundbergs
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1974). Calibration results were statistically correlated to a theo­

retical equation that related a TCP’s EMF,. electromotive force, to the 

soil's water potential (Rawlins, 1972). Soil water potentials were 

standardized to 20°C using temperature correction factors devised by 

Wiebe and Campbell (1972).

Root Biomass

Root biomass was estimated for each profile using five 1000
3cm soil samples that were collected from three depth intervals— 5-15, 

45-55 and 95-105 cm. The samples 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 reweighed. 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.

32Root Activity-Radioactive Tracer ( P)

Vertical rooting distributions were determined i-n situ using

radioactive tracer techniques. Basically, the procedure consisted of
32injecting a concentrated solution of plant available P into the soil

at specified depths and monitoring above ground portions of plants
32growing near the injection holes for radioactivity. The P solution

32was prepared by diluting carrier-free P in HCl solution with an
-3 -2aqueous solution of 2.2 x 10 N KH^PO^ and 2.4 x 10 N HCl to a
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concentration of 0.10 mCi ml . 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.
32On June 10-11, 1976, one P 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

15 cm
46 cm

107 cm
137 cm

32Figure 4. Site orientation of P injections - 1976.
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In situ radioactivity measurements were taken on the above

ground portions of plants growing within I m of injection holes immedi- 
32ately after all P injections were made. Measurements were taken with 

an anti-coincidence Geiger-Muller detector and scaler that were especi­

ally designed and constructed for field use. An anti-coincidence system 

was used to reduce error from background radiation. A diagram of the 

detector and the scaler’s electronic circuitry appears in Appendix A.

The counting procedure used during the first year's investiga­

tion consisted of locating radioactive plants with a Thyac survey meter 

and counting the plant's radioactivity within I m of injection holes 

with the anti-coincidence counter. Three I-minute counts were taken if 

the plant was highly radioactive, but if not, one 10-minute count was 

taken. It was realized that the experimental design and counting pro- 

cedure of the first year's “ P experiment did not readily lend itself to 

statistical analysis. Therefore, some alterations were made in the
32experimental design and counting procedure during the second year's P 

experiment in an effort to overcome the shortcomings of the first year's 

experiment.

The experimental design was changed in two ways: (I) three sets
32of P injections were made in one profile from each soil group in

order to estimate the variability of plant radioactivities within an
32undisturbed soil, an old spoil and a new spoil; and (2) P injections
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were made adjacent to plant species that were common to all soils and 

spoils.

The counting procedure was modified the second year in the 

following way: two plants were randomly selected at the beginning of

the growing season for monitoring throughout the investigation; and 

three I-minute counts were recorded for each radioactive plant regard­

less of the intensity of the radioactivity.
32Furthermore, all P injections were randomly distributed over

the research areas for statistical considerations. Details of the 
32second year's P injections appear in Table I.

The accuracy of the field counting unit was estimated by compar 

ing its readings to the more reliable readings obtained through Liquid 

Scintillation Counting (LSC) techniques. At the end of each year's 

field measurements, a number of radioactive plants were clipped and 

taken to the laboratory for analysis. The plant clippings were oven- 

dried at IlO0C for 24 hours, ground, dry ashed, dissolved in a LSC 

emulsifier cocktail and counted in a Tri-carb LSC spectrometer.

The dry-ashing procedure consisted of baking a 1.0 gram sample 

of ground plant at 600°C for five hours. The dry-ashed samples were 

dissolved in 2.0 ml of 2 N HNO0 and 23.0 ml of hot, double-distilled 

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 I p injection dates and dosages at Colstrip study area in 197732

Profile
Depth
(cm)

Dosage
(mCi)

Injection
date Reps Profile

Depth
(cm)

Dosage
(mCi)

Injection
date Reps

Native Soil Busby 107 0.20 4—6 I
Chinook 15 0.20 3-24 3 (cont.) 137 0.20 4—6 I

15 0.20 4—6 3 137 0.10 4-6 I
15 0.10 4-6 I 183 0,20 4—6 I
46 0.20 4-6 3 214 0.20 406 I
46 0.10 4—6 I Old Spoil
76 0.20 3-24 3 1932 15 0.20 3-24 3
76 0.20 4—6 3 15 0.10 4-6 I

107 0.20 4-6 3 46 0.20 3-24 3
137 0.20 4—6 3 46 0.10 4-6 I
137 0.10 4-6 I 76 0.20 3-24 3
183 0.20 3-24 3 107 0.20 3-24 3
183 0.20 4-6 3 137 0.20 3.24 3
214 0.20 4-6 3 137 0.10 4-6 I

183 0.20 3-24 3
Yamac 15 0.20 3-24 I 214 0.20 4-6 3

15 0.10 4-6 I
46 0.20 3-24 I 1948 15 0.20 3-24 I
46 0.10 4-6 I 46 0.20 3-24 I
76 0.20 3-24 I 76 0.20 3-24 I

107 0.20 3-24 I 107 0.20 3-24 I
137 0.20 3-24 I 137 0.20 3-24 I
137 0.10 4-6 I 183 0.20 3-24 I
183 0.20 3-24 I 214 0.20 3-24 I

New Spoil
Busby 15 0.20 4-6 I 1969 Same as 1948 Spoil
(8) 15 0.20 4-6 I 1970 Same as 1932 Spoil

46 0.20 4-6 I 1972 Same as Busby Soil
46 0.10 4-6 I 1973 Same as Busby Soil
76 0.20 4-6 I 1975 Same as Busby Soil



CHAPTER 4

RESULTS AND DISCUSSION

Infiltration Velocity

Figures 5, 6 and 7 represent infiltration characteristics of 

undisturbed soils, bid spoils and new spoils, respectively. 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 recently stripmined spoils 

in the Colstrip area by Dollhopf et al. (1977). They provided evidence 

which indicated that the clay types (non-expanding) in the area were 

partially responsible for this pattern since they swell 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 paragraphs.

Infiltration in undisturbed soils. Figure 5 represents infil­

tration velocities of five undisturbed soils in the Colstrip area.
2Infiltration velocities were moderately rapid on all undisturbed soils. 

Infiltration velocities on the Chinook 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

SCS permeability classes.2
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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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Figure 6. Infiltration vs. Time measured in old spoils at the
Colstrip study area in August, 1976.
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Figure 7. Infiltration vs. Time measured in new spoils at 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 infiltration velocity of all sites tested, except for the 

1975 spoil, lends support to the idea that the amount of clay influenced 

infiltration.

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 spoils. Infil­

tration velocities on these old spoils showed greater variation over 

time and took longer to reach steady-state conditions than on undis­

turbed soils, possibly because the surface horizons in old spoils were 

more stratified due to mining operations than in undisturbed soils and 

the wetting front traveled at different velocities through these strati­

fications.

The three 1924 spoil had practically the same infiltration 

velocities at the end of the test period as they did at the beginning, 

possibly indicating that the swelling together of pore spaces due to 

the expansion of clays was not significant in the 1924 spoil.. The same 

type of infiltration pattern was noted in the 1948 spoil, which had a 

high amount of clay in its surface 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 expansion of the surrounding clay particles 

when they were wetted. Only on the 1932 spoil did infiltration velo­

cities drop substantially before.attaining steady state conditions.

This was not surprising since the clay content of the 1932 spoil was 

more than twice that of the 1924 spoils.

Infiltration on new spoils. Figure 7 represents Infiltration 

velocities of I to 7 year-old stripmine spoils in the Colstrip area. 

Infiltration velocities were moderately rapid on all new spoils, except 

for the 1972 spoil which had a rapid infiltration velocity. Generally, 

infiltration velocities on these new spoils showed less variation over

time than on old spoils, . However, one replication on the 1969 spoil
3was found to be an outlier (P = .99) and was eliminated when computing 

its mean.

Only on the 1975 spoil did infiltration velocities drop appre­

ciably before attaining steady-state conditions. 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 (1954).

The mean infiltration velocities of all fifteen sites are

O
Grubb’s test (Dunn and Clark, 1974).



represented in Figure 8. Values range from 5.93 cm hr  ̂on the I975 

spoil to 15.30 cm hr  ̂on the 1972 spoil. The mean infiltration 

velocity of all fifteen sites was 11.91 cm hr *.

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 horizons, 

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

Sites 11 299.8 27.26 4.585 .001

Reps 2 8.496 4.248 0.715 .504

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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Figure 8. Mean infiltration velocities of sites at Colstrip study area - August, 1976.
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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 * 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.

Site
Infiltration 
(cm hr-I) Site

Infiltration 
(cm hr~l)

1975 Spoil 5.93* 1924 (5) Spoil 12.83d

Kobar Soil 8.20b 1973 Spoil 14.OOe

1932 Spoil 8.90b Busby Soil (8) 14.23ef
ef

Yamac Soil 10.63C Busby Soil (6) 14.87

1924 (9) Spoil 11.83d 1970 Spoil
P -F14.87er

1924 (7) Spoil 12.43d 1972 Spoil 15.30f
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Table 4 represents the analysis of variance for infiltration 

velocities of undisturbed soils (11.98 cm hr-1), old spoils (11.50 cm 

hr ) and new spoils (12.52 cm hr 1). 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. S.S. M.S. F-Value P-Value

Groups 2 2.104 1.052 .097 .908

Error 9 97.92 10.88
Total 11 100 •

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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Volumetric Soil Water Content, %
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Figure 9. Seasonal soil water contents, desorption characteristics
and texture classes of Undisturbed Soils.
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Volumetric Soil Water Content, %
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Figure 10. Seasonal soil water contents, desorption characteristics
and texture classes of Old Spoils.
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Volumetric Soil Water Content, %
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Figure 11. Seasonal soil water contents, desorption characteristics
and texture classes of New Spoils.
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Due to the need for legible figures, only those measurements which 

showed significant trends were presented. Average volumetric soil 

water percentages for 20 measurement dates are presented in Appendix F.

Soil water potentials of 0.0, -0.3 and -15 bars were plotted 

in Figures 9, 10 and 11 to represent approximate soil saturation, field 

capacity and permanent wilting point limits. A soil is saturated when 

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 content at which most plants wilt and fail to 

recover their turgidity when moistened. These soil desorption charac­

teristics were determined by W. M. Schafer for thirteen sites using . 

undisturbed soil cores. Such cores were not collected for the 1948 

spoil or the Kobar undisturbed soil. However, the SCS determined soil 

water contents at -0.3 and -15 bar for these two sites using the same 

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 zones. Their 0.0 to ^0.3 bars zones were extended out 

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

have fallen within those limits.

Soil water in undisturbed soils. Figure 9 represents soil . 

water characteristics of five undisturbed soils during the period from 

July 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 soil water contents were recorded on April 6, 1977. Maximum 

soil water contents were recorded in upper 150 cm profiles on April 6, 

1977. Lower profiles were wettest on July 11, 1976.

The average amount of recharge in upper 150 cm profiles of 

undisturbed soils (Yamac, Kobar, Busby) during the period 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 profiles during the period from April 4 to 

June 15, 1977, was 8,4 cm. This amount varied from 7.3 cm On 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. Soil water contents near the surface 

of the Yamac undisturbed soil remained above the wilting point during 

the entire investigation period.

Yamac*s favorable soil moisture conditions were 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 the top 30 

cm profiles of undisturbed soils on February 12, 1977, According to
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Ferguson (1964) and Willis et al. (1964), these high moisture levels 

result from unsaturated water flow from substrata towards the frozen 

soil surface. Although they had not established the exact mechanism of 

this phenomenon, they believed that it was partially caused by tempera­

ture gradients in the soil profile.

Deep leaching of soil water past the root zone may occur during 

heavy recharge periods. After leaving the root zone this water may 

eventually enter the ground water table, bringing with it water-soluble 

minerals and plant nutrients. Deep leaching in undisturbed soils 

usually occurred during the periods from the beginning of the test 

period, June 9, 1976, to mid-September, 1976, and from early April to 

mid-June, 1977. Deep leaching occurred to a much greater degree in 1976 

than in 1977, probably because a much greater amount of precipitation 

fell during the main portion of the growing season (April-June) in 1976 

(21.6 cm) than in 1977 (12,1 cm), and what wasn’t utilized by plants 

passed through the root zone.

Soil water in old spoils. Figure 10 represents soil water 

characteristics of old spoils during the period from July 11, 1976, to 

June 15, 1977, No general trends were found for old spoils concerning 

maximum total profile soil water contents. However, general trends 

were found concerning minimum total profile and maximum upper and lower 

profile soil water contents. Minimum total profile soil water contents 

were recorded in most old spoils on October 22, 1976. Maximum soil
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soil water contents in upper 100 cm profiles were recorded in most old 

spoils on April 6, 1977. In the lower profiles of all old spoils, maxi­

mum soil water contents were recorded on July 11, 1976.

The average amount of recharge in upper 150 cm profiles of 1924 

and 1932 spoils 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 amount of water use in 

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) to 10.2 cm 

on 1924 spoil (No. 9).

The undisturbed soils and old spoils were similar in that their 

surface soil moisture levels fell below the permanent wilting points 
in August and September, 1976, This also happened in old spoils at 

other times of the year, but not for undisturbed soils. For instance, 

soil moisture levels in the 1924 spoil (No, 9) fell below the permanent 

wilting point during a large part of the investigation period: 7-11-76 

(0-15 cm); 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 of old
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spoils on February 12, 1977. Apparently, the mechanism responsible for 

this phenomenon works just as well in minespoils as it does in undis­

turbed soils.

Unusually high soil water contents were recorded throughout the 

1948 spoil’s upper 240 cm profile. It was first postulated that these 

levels were caused by the capillary rise of water from a high ground- 

water table. However, data supplied by Wayne Van Voast of the Montana 

Bureau of Mines indicated that the groundwater table near the 1948 spoil 

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 

approximately 43 percent moisture by volume at saturation. Since mois­

ture levels in the 1948 spoils often exceeded 60 percent, this explana­

tion was not acceptable.

Finally, it was postulated that hydrogen atoms in coal fragments, 

common to the 1948 spoils, were counted as belonging to water molecules 

using the neutron scattering method. Consequently, in situ moisture 

determinations on the 1948 spoils were erroneously overestimated. The 

same type of error was noted in soils high in organic, matter by Feustel 

and Byers (1936). This explanation seems highly probable when one con­

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

4
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5.3.4 percent by weight, and that the hydrogen content of humus is 5.0 

percent (Waksman, 1954).

Deep leaching probably did not occur below 210 cm of the soil 

profile of at least two of the 1924 spoils during the entire investiga­

tion period. This pattern was not verified in the third 1924 spoil 

because soil water contents were not. measured below 180 cm in its soil 

profile, . This lack of deep leaching in the 1924 spoils was perhaps due 

to the utilization of excessive quantities of soil water by deep-rooting 

shrubs which were common on these spoils. Deep, leaching probably 

occurred below 150 cm of the soil profile in the 1932 spoil during the 

period from mid-June to mid-September, 1976. In the 1948 spoil it was 

apparent that deep leaching did not occur below 240 cm during the entire 

investigation period. Since this spoil was vegetated with deep-rooting 

shrubs, it appeared that they were responsible for this shallow 

percolation.

Soil water in new spoils. Figure 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 surfaces, than 

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

^Personal communication with John Thiebold, engineer for Montana 
Power Company, Value represents average annual composition of coal used 
at Colstrip power generating plants I and 2.
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spoils, except the 1969 spoil, had top soil spread over their surfaces 

probably accounted for most of the variation.

General trends 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, 1976.

The average amount of recharge in the upper 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 levels near the surface of the 1970, 1972 and 1973 

spoils were below the permanent wilting point in August and September, 

1976. The 1972 spoil was more often deficient in plant available water 

in the upper 15 cm profile than were the 1970 and 1973 spoil. This, was 

not surprising since the upper 15 cm of the 1972 spoils had a much 

sandier textural composition (Appendix E).

Moisture levels near the surfaces of the 1969 and 1975 spoils 

remained above the permanent wilting point throughout the investigation 

period. The upper 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 condition was not 

verified because desorption characteristics were not. determined for the 

upper 15 cm profile of the 1969 spoil. Moisture levels probably re­

mained above the permanent wilting point of the 1975 spoil not so much 

for its capacity to hold large quantities of plant available water, 

which it didn’t possess, but because water use on this spoil was minimal 

due to the lack of vegetation. 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 average water use of 14.7 cm on 

other new spoils (Appendix F).

As in undisturbed soils and old spoils, high soil water contents 

were recorded near the surface of new spoils on February 12, 1977. 

Dollhopf et al, (1977) had reported similar soil moisture patterns in 

new spoils of the Colstrip area. They were concerned that soluble salts 

were possibly translocated towards spoil surfaces if the moisture moves 

in a liquid phase. Once at the surface these soluble salts could be 

detrimental to plant growth. Therefore, they suggested that further 

research be conducted on this phenomenon to ascertain whether or not 

moisture moves towards the surface in a liquid or vapor phase.

Deep leaching generally occurred below 150 cm of the soil pro­

files of new spoils during the periods from mid-June to mid-September, 

1976, and from mid-March 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.

In summarizing the foregoing discussion on soil water content, 

three general trends were discovered that applied to most spoils and 

undisturbed soils of the Colstrip area: moisture levels near the

surface fell below permanent wilting points during August and September 

1976; minimum moisture levels were recorded in upper 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 uhsaturated 

.flow, of water from substrata.
Soil water contents recorded on 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 profiles. 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)j indicating that soil 

water contents were dependent on textural compositions.

Plant available water (P.A.W.), the difference between soil 

water content at -0.3 and -15 bar, had positive correlations with 

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

correlation with the percentage of sand (r = -.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 I 523 523 7.80 .018
Error 10 671 67.1
Total 11 119

Silt: Regression I 631 631 11.2 .007
Error 10 563 56.3
Total 11 119

Clay: Regression I 254 254 2.71 .128
Error 10 939 93.9
Total 11 119

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. S.S. M.S. F-Value P-Value

Sand: Regression I 343 343 10.9 .008
Error 10 3.5 31.5
Total 11 657

Silt: Regression I 355 355 11.8 .006
Error 10 302 30.2
Total 11 657

Clay: Regression I 235 235 5.55 .039
Error 10 423 42.3
Total 657
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Although the amount of plant available water was highly corre­

lated with textural compositions, actual water use during the growing 

season was not. No significant trends were found even when this 

relationship was looked at within groups, a practice which sometimes 

produces significant results. This indicated that water use by plants 

was not determined by the soil’s textural composition, even though the 

amount of plant available water was a function of the soil’s textural 

composition.

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 major in­

fluence on deep leaching because both groups were dominated by grasses 

and forbs, Furthermore, deep leaching was greatest in new spoils 

probably because they had the least amount of root biomass and, 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 information obtained using double-junction 

thermocouple psychrometers during this investigation was deemed
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unreliable and, therefore, did not merit a formal discussion. Never­

theless, for sake of completeness all soil water potentials and 

soil temperatures are presented an Appendix H.

Using information that was gathered during the first few months 

of the investigation, it was found that soil water potentials, calcu­

lated with the calibration equation supplied by the manufacturer, had 

a low negative correlation with soil water contents.. Theoretically, 

soil water potentials have a high positive correlation with soil water 

contents, meaning that soil water potentials increase (become less 

negative) with soil water contents. It was felt that perhaps the manu­

facturer’s calibration equation was in error. Therefore, all TCPs were 

removed from the field, cleaned and recalibrated. The calibration 

results were fit to an equation developed by Rawlins (1972). . The first 

year's field data were revised using the new calibration equations, but 

the same type of relationship between soil water potentials and water 

contents remained. TCPs were later returned to the field and were 

monitored for the remainder of the investigation period.

There were other indications that the data derived from TCPs . 

were unreliable. For instance, the soil water potential at 90 cm in the 

1970 spoils dropped from -6.5 to -41.7 bars during the period from 

October 22 to November 24, 1976. There was no reasonable explanation 

for this drop in soil water potential except that the TCP 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-1 in 

the 1975 spoil to 4.58 mg ml'1 in the 1924 spoil (No. 5).

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

Depth Interval (cm)

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

Native Soil
Chinook 3.59 0.56 0.04
Yamac 1.57 0.00 0.00
Kobar 2.01 0.29 0,17
Busby (6) 4.29 0.06 0.00
Busby (8) 3.35 0,48 0,19

Old Spoil
1924 (5) 3.36 0.59 0.63
1924 (7) 2.18 0.09 0.04
1924 (9) 1.68 0.12 0.05
1932 2.35 0.61 0.17
1948 3.30 0.27 0.13

New Spoil
1969 1.66 0.38 0.10
1970 1.74 0.11 0.13
1972 2.23 0.10 0.02
1973 1.45 0.06 0.04
1975 1.23 0.01 0.00



Group comparisons were made using the same four undisturbed 

soils, old spoils and new spoils that were used in the soil water 

sections (Table 8), These group values were fitted to an equation of 

a straight line relating the natural logarithm of root biomass to soil 

depth:

W (2) = W(o)e"a*

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 line.
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“1Table 8. Group root biomass (mg ml ) at Colstrip study area in 1976.

Depth Interval 
(cm) Native Soil Old 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 were -.0374, -.0258 and -.0377, respectively. 

Although root biomass had high negative correlations with soil depth in 

undisturbed soils (r = -.94), bid spoils (r = -.92) and new spoils (r = 

-.88), these correlations were not significant at the .95 level (P = 

.23, .27 and 32, respectively). Nevertheless, the vertical rooting 

distribution in undisturbed soils was similar to the one 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 D.F. S.S. M.S. F-Value P-Value

5-15 cm:
Group 2 2.678 1.34 1.80 0.22
Error 9 6.710 0.75
Total 11 9.389

45-55 cm
Group 2 0.159 0.080 1.81 0.22
Error 9 0.398 0.044
Total 11 0.557

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 10.13 1.126
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 corresponding 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 correlations, except 

the one for new spoils 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 of which were domi­

nated by grasses and forbs, was a function of root biomass. Correspond­

ing correlations for old spoils were negative (r = -.73 and -.80) and 

not significant at the .95 level, suggesting that water use in the sub­

surface horizons of old spoils, which was dominated by half-shrubs, was 

not influenced by root biomass. Similar correlations for the surface 

horizons of undisturbed soils (r = .45), 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 profiles, but evidence was not conclusive since large errors were 

associated with in S'ltu soil water content measurements near the soil 

surface.

32Root Activity - Radioactive Tracer ( P)
32Radioautographs showing P distribution. Vertical rooting

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

ground portions of plants growing near the injections. Radioautographs
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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 D.F. S.S. M.S. F-Value P-Value

Native Soil Group
5-15 cm I .0509 .0509 .511 .549
Error 2 .1992 .0996
Total 3 .2502

45-55 cm I 2.734 2.734 62.5 .012
Error 2 .0875 .0437
Total 3 2.821

95-100 cm I 5.648 5.648 32.0 .026
Error 2 .3528 .1764
Total 3 6.000

Old Spoil Group
5-15 cm I 7.132 7.132 4.80 .161
Error 2 2.969 1.485
Total 3 10.10

45-55 cm I 12.12 12.12 2.32 .268
Error 2 10.46 5.228
Total 3 22.58

95-105 cm I 16.39 16.39 3.57 .200
Error 2 9.178 4.589
Total 3 25.57

New Spoil Group
5-15 cm I .0172 .0172 2.57 .251
Error 2 .0134 .0067
Total 3 .0307

45-55 cm I 6.975 6.975 .116 .006
Error 2 .1201 .0600
Total 3 7.095

95-105 cm I 20.59 20.59 12.8 .068
Error 2 3.223 1.612
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,

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

from 15 and 107 cm, respectively.

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

32Most of the P present in the tops of Artemisia frigida was

concentrated in its actively growing new leaves and stems. Smaller 
32amounts of P were found in its main stem and older (longer) leaves. 

The area where new growth initiates in Stipa aomata, the apical point.
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OO Ahad a greater concentration of P than did its older leaves.

These radioautogfaphs indicated that ^2P concentrations varied 

within a plant. Since plants do not all have the same structures, it 

was impossible to compare radioactivities 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 SrLtu radioactivities - 1976. Figures 13-15 represent plant

radioactivities measured -in S1Itu on thirteen sites during the summer of

1976. Radioactivity in a plant was an indication that its roots were 
32active at the P injection depth over which it.was growing since only

32by root absorption and translocation of the injected P to the plant’s

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

The intensity of a plant radioactivity was approximately proportional to
32the total quantity of P that was present in its tops.

The problem of radioactive contamination of soil along the

inside wall of injection holes and at the soil surface complicated
32matters since plants absorbing contaminated P appeared to have active

roots at the injection depths when in fact they didn’t. Fortunately,
32the amount of P available to plants from a full dosage was much 

6
Personal communication with Dr. E, DePuit, Range Scientist, 

Animal and Range Department, Reclamation Division, Montana State 
University,



M
E

A
S

U
R

E
M

E
N

T 
D

E
P

TH
 (

cm
) 

M
E

A
S

U
R

E
M

E
N

I  46

h

BUSBY SOIL (8)
June 27 ( July 15

J Brotnus japonic us
ZH Ar/stida Iongisata

_J Cnry SOpSIS

Chrysopsis ViUosa 
Loctuca sarnoia
Cnrysopsts Villosa

August IO

J Calamovilfa iongifoha
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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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F i g u r e  14 Plant radioactivities measured in situ on old spoils at the Colstrip study 
area in 1976.
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greater than from contamination. Consequently, radiation levels in 
32plants obtaining P from full dosages usually increased during the 

first few weeks following injections, whereas radiation levels in 

contaminated plants usually decreased. By comparing measurements taken 

during the first few weeks following injections, it was possible to 

distinguish which plants were contaminated.

Due to problems encountered in the field, measurements were not 

taken on the following sites: Kobar (all depths); Busby, No. 6 (107,

137, 183 cm); Busby, No. 8 (107 cm); 1924 spoils, No. 7 (107 cm);

1948 spoils (all depths); 1975 spoils (183 cm); and 1969 spoils (all

depths in June). Some of the measurements taken in June and August, 

1976, were underestimated due to equipment malfunctions, which made for 

difficult analysis. However, some important findings were made that 

require consideration. A brief summary of the data collected on each 

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 dates and the ones

cited later in the thesis are approximately the mid-points during the 

3-4 day periods it took to survey every site).

After eliminating those plants Which were believed to be con­

taminated and those whose radioactivities fell below the revised
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background count (13 cpm, P = .95), 24 plants were found to have taken 
32up P. During the 10-week period, a total of 45 measurements were

recorded on these plants, 93 percent on those growing above injections

in the upper 76 cm of the soil profiles. The first measurement recorded
32on a plant which had taken up P from soil depths below 76 cm was on

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

measured on each date remained fairly constant. However, radiation

intensities generally increased in most plants between June and July,

especially in those with active roots at 46 cm.

The perennial bunchgrasses, Stipa Oomata3 Avistida longiseta

and Poa sandbevgii, accounted for 36 percent of all radioactivity

measurements and 39 percent of all radioactivity recorded on undisturbed

soils in 1976, Considering that all but one of the plants in this group 
32had taken up P from the top 46 cm of the soil profiles, it was 

apparent that the roots of these bunchgrasses are among the most 

prevalent in the surface horizons of undisturbed soils.

Considered as a group, including the annual Bvonrus .teotovum and 

the rhizomatous perennial Calamovilfa longifolia, grasses accounted for 

56 percent of all radioactivity measurements and 48 percent of all 

radioactivity recorded on plants growing in undisturbed soils, which 

indicated that the roots of these grasses were among the most, prevalent 

in undisturbed soils in 1976.

The taprooted, leguminous, perennial forbs Petalostemon
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pnrpureum, Psoralea esoulenta and Melilotus officinalis accounted for 

45 percent of all radioactivity and 18 percent of all radioactivity 

measurements recorded on undisturbed soils.

The average radioactivity measurement taken on Petalostemon 

purpurewn was 4252 cpm. If these measurements were deleted from the 

computation of the average radioactivity measurement taken on undis­

turbed soils, it would have dropped from 1169 to 784 cpm.

The remaining 26 percent of the radioactivity measurements 

represented only 7 percent of the radioactivity recorded on plants 

growing in undisturbed soils in 1976.

Radioactivity on old spoils. Figure 14 represents radioactivity 

measurements taken on old spoils in 1976. After eliminating those 

plants 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 upper 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 3zP 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 only became active later in the growing season. There was also the 

possibility that roots absorbed. P early , but didn't translocate it
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to the above-ground portions of the plant until later in the growing 

season. Substantial increases were also noted for radiation intensities 

in July, especially in plants with active roots at 76 cm.

The taprooted, half-shrub Artemisia draounoulus, domiant on 

53-year-old spoils, 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 were 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 plants during the growing season 

and they can also be related to the increase of radioactivity in plants 

with active roots at lower injection depths during 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
32growing season because P uptake has been shown to be influenced by 

soil moisture.

Considered as a group, including Artemisia oana and Rosa 

arkansana, half-shrubs accounted for 50 percent of the radioactivity 

measurements and 59 percent of the radioactivity recorded on old spoils

Melilotus officinalis and Psoralea esaulenta, both taprooted,

in 1976.
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leguminous forbs, accounted for most (34 percent) of the remaining 

radioactivity recorded in old spoils. Although 26 percent of all radio­

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; their roots were only active at 46, 76 and 107 cm. That was

very different from the taprooted Artemisia draounautus which had taken
32up the majority of its P 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 eliminations, there were found to be 21 

radioactive plants growing on these spoils. During the 10-week test 

period a total of 44 measurements were recorded on these radioactive 

plants, 89 percent 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 plants taking up from below 76 cm in 1976.

Slight increases in the number of radioactive plants measured
32on new spoils were recorded in July and August. The majority of the P 

taken by plants in June was found in plants with active roots at 15 cm. 

By mid-July, the radiation intensity of these plants had not increased, 

but in plants with active roots at 46 cm it had increased substantially. 

(Note: data collected oh the 1969 spoil was unusable because it was

impossible to identify which of the plants were contaminated without

June *s measurements.)
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The taprooted forbs Salsola kal-i3 Mel-ilotus officinalis (legume) 

and Medicago■ sativa (legume) accounted for 41 percent of all radio­

activity measurements recorded on new spoils in 1976. Not only were 

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

in 1976, but they appeared to have greater affinities for than the

other plants on new spoils as evidenced by the fact that they accounted

for 76 percent of the radioactivity recorded on new spoils. All of the 
32P taken up by these two forbs was from the upper 76 cm of the soil 

profiles.

The perennial bunchgrasses Agropyron elongatwn and Stipa comata 

had also accounted for 41 percent of all 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 measurements taken 

on new spoils accounted fop only 6 percent of the radioactivity. These 

measurements were recorded on the grasses Agropyron Smithii3 Bromus 

inermis and Arena 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 discussion, 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 different. 

This claim was backed by the results in the root biomass section which 

showed that the quantity of roots in the upper 100 cm profiles was not 

significantly different between groups. However, the percentage of 

radioactivity measurements taken on plants with active roots below 76 

cm was approximately 30 percent greater on old spoils than on new 

spoils and undisturbed soils. Apparently, the half-shrub, Artemisia 

draounoulus> which accounted for half of the radioactivity measurements 

recorded on plants in old spoils with active roots below 76 cm, had a 

deeper rooting distribution than the grasses and forbs that dominated 

new spoils and undisturbed soils.

Average plant radioactivities for groups, dates and depths are 

presented in Table 11 (Note: Chinook was substituted for Kobar in the

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 depth (P = .005), 

and date and depth (P = .032) were significant at the .95 level, indi­

cating that radioactivities of plants with active roots at a specific 

depth were dependent on the soil group and the measurement date.

A difference greater than 93 cpm between average plant radio­

activities was significant at the .95 level (L.S.D.). Table 13 lists
32those groups, dates and injections depths from where P 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.

Depth
(cm)

Native Soils Old Spoils New Spoils

6/26 7/15 8/7 6/26 7/15 8/7 6/26 7/15 8/7

15 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 35 115
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. S.S. M.S. F-Value P-Value

Group 2 2,336,349 1,168,174 15.47 .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 2.78 .055
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 1,510,317 75,516
Total 53 15,343,410 289,479

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 1169a
Old Spoil 246b
New Spoil 271b

Date June 26 644*
July 15 867b
August 7 162c

Depth (cm) 15 659*
46 882b
76 355c

107 177d
137 58e
183 60e

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
32larger quantities of plant available P in undisturbed soils than in

32minespoils. Although P availability was not measured directly, it was 

inferred from the following information.
32Nye and Foster (1958) provided evidence showing that P avail­

ability was directly proportional to the "labile phosphate pool" in the

soil solution. Assuming that the radioactivity of plant tops was
32directly proportional to the amount of plant available P , the
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difference between dates of plant radioactivity divided by water use

was an estimation of the concentration of P in the soil solution. Of
32course, the concentration of P in the soil solution was not the same

31as the concentration of P in the soil solution. Both of these phos­

phorus forms in the solution phase were in equilibrium with the solid 

phase in the soil. This equilibrium was related to the phosphate fixing 

capacity of the soil.

Radioactivity changes were calculated using the following 

equation:

A =(I)

(2)

FC (-X)
tC

-Xtr -Xt1
(e - e )

-Xt
FC - (FC )e 

2 I
where t tg - t^; A is the actual plant uptake of P by the

plant between measurement dates; FC is the corrected field count
tC

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

corrected field counts measured on dates 2 and I, respectively; X is
32to 0.693/half-life of P (14.3 days). Derivation of these equations 

are presented in Appendix C•

Changes in total plant radioactivities between June 26 and July



66

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

Table 14. Radioactive phosphorus concentration in soil solutions at 
Colstrip study area in 1976.

Native soils Old spoils New spoils

4763 1003 1021

14.44 20.64 16.40

330 49 69

32The concentration of P in the soil solution of undisturbed 

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

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

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 [ ,P]'' regression on average plant radioactivity 
at Colstrip study area.

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

Regression I 50,303 50,303 3373 .013
Error I 14-914 14.914
Total ■ 2 50,318

A (cpm)

Water use (cm) 

[32p,^ (cpm cm *)
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Of course, [32P]' was not the actual concentration of 32P in the
soil solution. However, this was not to say that [32p]' was not

32directly related to the actual concentrations of P in the soil solu­

tion or that [32P]' was not determined by soil properties. [32P]' had 

a high negative correlation with soil pH (1:1 H2O; Appendix E) at 15,

46 and 76 cm injection depths (r = -.99). The average soil pH for 

undisturbed soils, old spoils and new spoils was 7.9, 8.4 and 8.4, 

respectively. The correlation between [32P]' and soil pH 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 availability 

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

presence of free calcium carbonate.

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

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

Regression I 50,233 50,233 594 .026
Error I 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 level. (P = .016; Table 17).
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Table 17. ANOV for soil pH regression on average plant radioactivity 

at Colstrip study area.

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

Regression I 552,673 552,673 1769 .. .016
Error I 312.50 312.50
Total 2 552,986

The preceding argument asserted that plant radioactivities were
32 32on the whole a function of P availability and that P availability 

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 developmental changes in the plants during the growing 

season. For instance, phosphorus was probably concentrated in the plant 

seed head after flowering and later returned to the base of the plant 

before desiccation in August. Unfortunately, different plant parts were 

not monitored during the growing season for radioactivity 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 

season plant roots would be most active near the soil surface 

because of the adverse effect of colder temperatures at lower depths on 

root growth. 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 = .01 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.S. M.S. F-Value P-Value

Total A:
Regression I 1,212 1,212 .0012 .972
Error 7 .6796E07 970,850
Total 8 .6797E07

Average A:

Regression I 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 Old Spoils New Spoils

Perennial
bunchgrasses 1295 25 112

Grasses 1003 43 104
Taprooted forbs 2991 317 368
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 Old Spoil Date New Spoil Date

6/26 7/15 8/7 6/26 7/15 8/7 6/26 7/15 8/7

r .88 .25 -.21 .94 .67 .62 .98 .13 .96
P-value .32 .83 .86 .22 .52 .56 .13 .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.S. M.S. F-Value P-Value

Group I 296,184 296,184 1.15 .478
Error I 256,802 256,802
Total 2 552,986

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

second year were (I) estimation of plant radioactivity variability with­

in an undisturbed soil, an old spoil and a new spoil; (2) examination

32
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of site effect on radioactivities in plant species.common to all sites;

and (3) verification of results from first year.

Figures 16-31 represent in situ 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
32species growing above a particular P injection.

Radioactivity on undisturbed soils. Figures 16-18 represent
32radioactivity measurements taken on three replications of P injections

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

replications because,of the eleven sites available for investigation, it 

had the largest quantity of root biomass and, therefore, represented 

optimum rooting conditions.

A total of 114 measurements were 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 recorded on a plant 

which had taken up 32P 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 June 15 and 

then slowly decreased, suggesting that the mid-point of the 1977 growing 

season occurred during the month of June.
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Table 22. Abbreviations of plant names.

Abbre­
viation Plant Name

Abbre­
viation Plant Name

Acmi AahiZlea millefolium Debi Delphinium biaolor

Agcr Agropyron aristatum Dagl Daoiylis glomerata

Agda Agropyron dasyetaahym Feor Festuaa ovina

Agel Agropyron elongatum Grsq GrindeIia squarrosa

Agsm Agropyron smithii Gusa Gutierrezia sarothrae

Agsp Agropyron spiaatum Kocr Koeleria aristatum

Agtr Agropyron traahyoaulum Lapu Laatuaa pulahella

Agtri Agropyron tricophomm Laso Laotuoa serriola

Anspp Antennia species Lemo Leuooarinum montanum

Ardr Artemisia draaunaulus Liin Lithospermum inaisum

Arfr Artemisia frigida Meof Melilotus officinalis

Arlo Artistida longiseta Mesa Medioago sativa

Arlu Artemisia ludoviaiana Onvi Onobryahis vioiaefolia

Asspp Astragalus species Popr Poa pratensis

Atca Atriplex canescens Posa Poa sandbergii

Bogr Bouteloua gracilis Raco Ratibida aolurmifera

Brin Bromus inermis Rowo Rosa woodsii

Brspp Bromus species Somi Solidago missouriensis

Cafi Carex fH i  folia Sospp Solidago species
Canu Caloshortus nuttallii Stco Stipa aomata

Cami Camelina miaroaarpa Stvi Stipa viridula

Chvil Chrysopsis villosa Taof Taraxacum officinalis

Chvis Chrysothamnus visaidiflorus Trdu Tragopogon dubius
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P 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 those 

plants with active roots at 46 cm. By June 15, a few plants had taken
32

up P from 76 and 107 cm and radioactivity was greatest in plants with 

active roots at 76 cm. For the remainder of the investigation period, 

average plant radioactivities 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 species, espe­

cially the.perennial bunchgrass Stipa aomata (55%) . The biennial forb 

Tragopogon dubius accounted for the remainder of the measurements,

(17%). Stipa aomata accounted for the majority of the radioactivity 

measurements taken on the Chinook undisturbed soil in 1976.
32Average plant radioactivities of the three replications of P 

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 measurements 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 2.55 .020
Depth 3 166,939 55,466 1.89 .147
Error 83 2,439,908 29,396
Total 95 3,379,829 35,577

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
32replications I and 3, indicating that P 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
32on quite a few dates, indicating that P 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 

P availability was highly variable within the test plot.



Table 24. Plant radioactivity on Chinook undisturbed soil at 
Colstrip study area in 1977 (LSD).
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Radioactivity (cpm)

Replication I 124*
2 316b
3 160a

Date April 17 74a
May I 278b
May 13 449c
May 31 268b
June 15 307b
July 9 152d
July 19 9 Ia
July 31 73a

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
OO

taking up P from different injection depths. That was not surprising 

since plant radioactivities were greatly dependent on ^ P  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-
32activity measurements taken on three replications of P injections made

32in the 1932 spoils. This old spoil was chosen to receive P replica- '

tions because it was the oldest spoil available for investigation in

1977 and, therefore, represented spoil material which had been exposed

the longest to soil-forming factors. All three of the 1924 spoils were

to be stripmined for coal in the near future and, therefore, could not 
32be injected with P .

Sixty-six measurements were taken on 19 radioactive plants in 

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 depths below 76 cm and that was dp the last 

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

followed the same pattern as described for the Chinook undisturbed 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 profile of the 1932 spoil during the first 6 weeks of the study

and radioactivity was greatest in those plants with active roots at .15
32cm. By June 16 a few plants had taken up P from 76 cm in the soil
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profile and it was on these plants that radioactivity was most intense 

during the remainder of the investigation period.

Two-thirds of the radioactivity measurements on the 1932 spoils

in 1977 were recorded On 5 grass species of which half (39%) were on the

cool-season bunchgrass Agvopyvon spioatum. This was quite a change from

1976 when Melilotus officinalis was the most often monitored plant on

the 1932 spoils. The difference was probably explained by the fact that

most of the cool-season plants were past their peak growing periods in

1976 when the study got under way in late June and, therefore, were not

actively taking up large quantities of nutrients like the taprooted

Melilotus officinalis. In 1977 the study began in early April and the
32cool-season grasses had more of an opportunity to take up P.

■ 32Average plant radioactivities of the three replications of P 

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 98% 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 
at Colstrip study area

radioactivity 
in 1977.

on 1932 old spoil

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 1.94 .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
32between replications, implying P availability, i.e., soil pH, in the 

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

ever, the standard error due to replications in the 1932 spoils was 

greater (±266 cpiii) than in the Chinook undisturbed soil. These two 

contradictory circumstances indicated that the resolution of the 

analysis was not great enough to assess the true differences'between 

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 undisturbed spoils 

(114).

Average plant radioactivities on the 1932 spoils were not sig­

nificantly different between measurement dates, implying that the 

quantity of P taken by plants did hot vary much during the growing

This indicated that the plants growing on the 1932 spoils hadseason.
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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 radioactivity 

differences between measurement dates was probably due to the small 

number of measurements.

The same arguments described above pertaining to the smallness

of sample size on the 1932 spoils might also explain why plant radio-
32activities were not significantly different between P 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 spoils. Figures 21-23 represent radio­

activity measurements taken on three replications of ^ P  injections
32made in the 1970 spoils. This new spoil was chosen to receive P 

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 radioactive plants were monitored on the 1970 

spoils in 1977. Only 43 radioactivity measurements were recorded over 

the I2-week test period. Ninety-five percent of these measurements 

were on plants growing above injections in the upper 46 cm of the soil 

profile. Radioactivity 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 

cristatum and 42% on Bromue inermie. Both of these species were well 

represented on the 1970 spoils in 1976.
32Average plant radioactivities of the three P replications 

were not 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 95% 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 D.F. S.S. M.S. F-Value P-Value

Reps 2 802,236 401,118 3.18 .055
Date 6 764,522 127,420 1.01 .436
Depth I 507,980 507,980 4.03 .053
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 

replications was ±448 cpm. These were the same circumstances described 

for replications in the 1932 spoils, except that the variation due to 

replications for the 1970 spoils was approximately 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 variance.

Average plant radioactivities on the 1970 spoils were not sig­

nificantly different between measurement dates, suggesting that the 
32amount of P taken up by plants did not vary much during the growing 

season. Again, the inability to distinguish plant radioactivity dif­

ferences between measurement dates was probably due to the small sample 

size.

The same problem mentioned above regarding poorness of experi­

mental resolution might also explain why plant radioactivities were not 

significantly different between injection depths. However, soil pH was 

not different at 15 or 46 cm (8.3) and, therefore, plant radioactivities 

should not have been different.

In the foregoing discussion of plant radioactivity variability

within sites, it was apparent that experimental error was inversely
32proportional to the number of plants taking up P and the number of 

measurements taken on those plants (Table 27). Therefore, in order to
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reduce the standard error of the 1932 and 1970 spoils to the same level 

of the Chinook undisturbed soil, it would be necessary to increase 

their number of measurements on radioactive plants by two 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 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 objective
32because not one plant species under investigation had taken up P from

every study site profile. The best showing was by Agvopyvon' ovi-statum

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 
32year's P research was to verify the first year's results. Results
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32from 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 compared 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 i-ri ai-tu

on seven sites during the period from April 16 to July 31, 1977. The

key to the plant name abbreviations appears in Table 22. The infor-
32mation that was collected on the three sites which received P 

replications, Chinook, 1932 and 1970, was included in these comparisons.

The information presented in the plant radioactivity figures of 

1976 and 1977 was consolidated 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 

profiles; average plant radioactivities; and the percentage of 

measurements and radioactivity accounted for by the dominant plant 

species.

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 associated with the greater duration

of the test period in 1977 (14 weeks) compared to 1976 (6 weeks), mean-
32.ing that plant roots had a greater likelihood of intercepting P.



Table 28. Comparisons of 1976 and 1977 data.

Average 
% of measure- radio- 

No. ments in  ̂activity
plants upper 76 cm (cpm) Dominant plant (% measurements) (% radioactivity)

Year 76 77 76 77 76 77 76 77
Native Soils

Chinook* 4 9 89 91 1310 212 Stipa OOmata(SS)(95) Stipa comata(5b)(66)
Yamac 6 9 100 97 653 153 Bromus teotorum(55)(51) Stipa oomata(bb)(52)
Busby (8) 7 8 82 89 329 221 Chrysopsis villosa 

(27)(60)
Stipa oomata (59)(30)

Old Spoils
1932* 7 6 71 98 137 237 Melilotus officinalis 

(38)(26)
Agropyron spicatum 

(39)(7)
1948 — 10 — 97 — 134 — Poa pratensis(b2)(25)

New Spoils
1969 — — — 78 44 Chrysopsis villosa 

(37)(36)
1970* 10 5 77 100 168 237 Medioago sativa(21)(51) Bromus inermis(b2)(13)
1972 6 4 100 100 320 98 Medioago sativa(62)(91) Bromus inermis(b2)(63)
1973 2 6 100 100 194 68 Agropyron cristatum 

(IOO)(IOO)
Bromus inermis(57)(72)

1975 3 3 100 100 649 1702 Agropyron smithii 
(40)(11)

Agropyron dasytaohyum 
(56)(78)

Group** 21 18 89 100 271 488 Medioago sativa(32)(5b) Bromus inermis(46)(10)

*Average of 1977 data. ** 1969 spoil not included

I - 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.
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Table 29. ANOV for comparison of number of radioactive plants.

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

Year I 1.562 1.562 .269 .617
Error 14 81.37 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 D.F. S.S. M.S. F-Value P-Value

Year I 175.6 175.6 2.193 .158
Error 14 1121 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 comparison of average plant radioactivity.

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

Year I 43,260 43,260 .192 .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 were also studied in 1977. Comparisons of group values 

in 1976 and 1977 were not significantly different at the .95 level for 

any of the comparisons listed above— in sequence; P =  .62, .42 and .71.

The last two columns in Table 28 list the plant species which 

had displayed radioactivity most often.and the percentage of measure­

ments and 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 oomata, dominate in both years. The 

dominant plant species on the other seven sites were different in 1977 

than they were in 1976. These changes might have resulted from.differ­

ences in test periods during the two years.. Only the warm part of the 

growing season was monitored in 1976 compared to the entire growing 

season in 1977. This could explain why Stipa comata, a cool season
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grass, more often displayed radioactivity in 1977 than in 1976. The

same could have been true for the cool season grass B ro m u s i n e r m i s  ^

which dominated the new spoils group in 1977.
32The validity of the P experiment in 1976 appeared, to be 

reinforced by the information 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 years 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 technique are presented in Table 32. The
32reader is reminded that the deepest placement of P. in the soil was 

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 Offioinalis3 Stipa oomata and Tragopogon dubius; old spoils—  

Artemisia draounoulus, Melilotus offioinalis3 Ambrosia psilostaohya3 

Stipa oomata and Agropyron snrithii; and new spoils— Agropyron elongatim 

and Agropyron traohyoaulum.
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T a b le  3 2 .  Maximum d e t e c t a b l e  r o o t i n g  d e p th s  a t  C o l s t r i p  in  1976 and

1977 ( 32P ) .

R o o t in g  D epth  (cm)

S p e c ie N a t iv e  S o i l O ld  S p o i l New S p o i l

Grass Agropyron eristatum 
Agropyron dasystachyum 
Agropyron elongation 
Agropyron smitnii 
Agropyron spiaatum

46 107
76

76
46

183
15

Agropyron trqohyoaulum 
Agropyron tricophonon 
Artistida longiseta 
Avena fatua 
Bouteloua gracilis

46

76

107
46

46

Brorrtus inermis 
Bromus tectonon 
Calamovilfa longifolia 
Koeleria eristatum 
Boa pratensis

76
46
76 76

46

76

Poa sandbergii 
Stipa comata

46
183 137

Forb Agroseris glauca 
Ambrosia psilostachya 
Astragalus cicer 
Calocnortus nuttallii 
Gaura coccinea

76

15
137

107
137

15

Grindelia squarrosa 
Lactuca pulehella 
Laetuea%serriola 
Leuqoerinum montanum 
Melilotus officinalis

46
137

15
107

46

137 15
Medieago sativa 
Petalostemon purpureum 
Psoralea eseulenta 
Salsola kali 
Tragopogon dubius

76
76

137

15
76

46

76

46

Shrub
( H a l f )

Antennia s p e c ie s  
Artemisia eana 
Artemisia drqeuneulus 
Artemisia frigida 
Artemisia iudioviciana

15

137
46

15
137

15
76

Chrysopsis villosa 
Chrysothamnus nauseosus 
Chrysothamnus viseidiflorus 
Gutierrezia saro'thrae 
Rosa s p e c ie s

46
15

46

46
15

107
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The last portion of this section deals with the accuracy of the 

field counting unit. Fifty plants were randomly selected on the Chinook 

undisturbed soil on July 31, 1977, and counted using LSC techniques. 

Field counts, which were about six time9 greater than counts obtained 

in the laboratory due to dilution and decay, had a high positive corre­

lation (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 33). Only 8 plant counts were used 

in the analysis 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 I 1904 1904 48.12 .001
Error 6 237.3 39.56
Total 7 2141

32Note On P Experiment
; 3 0The major problem regarding the P experiment was the influence

of soil factors on phosphorus availability. In 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
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of these isotopes (22Na) might allow a two-year investigation without
22requiring additional injections the second year (half- life of Na 

is 2.6 years). Other problems might arise depending on the character­
istics. of the substitute isotope. For instance, radioactive sodium 
would probably behave like 2^Na 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 
radioisotope remain at the point of injection.

The experimental design might be strengthened by increasing the 
number of injection replicates and radioactivity measurements. Data 
collected during this investigation suggested that the number of repli­
cates in minespoils be 2-3 times the number in undisturbed soils because 
of differences in root biomass ( there were 43 percent less root biomass 
in new spoils than in undisturbed soils).

The length of time required to describe maximum vertical rooting 

distributions using the radioactive tracer technique might possibly be 

shortened to a few weeks if injections were made in the soil just before 

the mid-point of the growing season and monitoring began soon afterwards. 

Data collected during this investigation suggested that the mid-point of 

the growing season was different for cool and warm season 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; 22Na, 24Na and 86Rb. Furthermore, the longer half-life of one

soil.



CHAPTER 5

POTENTIAL APPLICATIONS OF'RESULTS 

Results of this thesis have potential application to reclamation 

of strip mined lands in southeastern Montana. The major conclusions 

that demand consideration pertain to revegetation efforts and management 

of spoil material.

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 findings were supported by data 
presented in the standard soil profile descriptions. Therefore, it 
appears that present day revegetation efforts have not, as yet,succeeded 
in returning strip mined land to its premining condition 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 new minespoils were located 

in the upper 50 cm of the soil profiles; and less than 10 percent of the 

180 radioactive plants monitored during this investigation had taken up
O O. P  from below 107 cm in the soil profiles. Furthermore, maximum detec-

32table rooting depth of 41 plant species taking up P in 1976 and 1977 
was 183 cm. These facts suggest that the minimum depth (244 cm) requi­

red by Montana's reclamation guidelines for burying toxic overburden 
materials below the soil surface is adequate, if not excessive.
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Infiltration velocities were not limiting in any undisturbed 

soils or minespoils in this investigation. This indicates that present 
day management of spoil material at the Colstrip study area seems 
appropiate in this respect, at least on minespoils that have less than 
a 3 percent slope.



CHAPTER 6

SUMMARY AND CONCLUSIONS

A study was initiated in June, 1976, at Colstrip, Montana, to 

determine the soil water and rooting characteristics of I 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 (I to 7. years old) .

Infiltration velocities were moderately rapid (5.93 to 14.87 cm
-Ihr ) in all minespoils and undisturbed soils, except the 1972 mine- 

spoil which had a rapid infiltration velocity (15.30 cm hr *). Infil­

tration velocities were not significantly different between old and new 

minespoils and undisturbed soils which was partially explained by the 

similarities of their surface horizons textural compositions.

Three general trends were shared by most minespoils and undis-. 

turbed soils regarding soil water contents: I) soil water contents of 

surface horizons were generally only limiting in August and September, 

1976; 2) although soil surface horizons were partially recharged in 

October, 1976, total soil profile water contents reached their minimum 

levels during this month; and 3) the upper 30 cm of the soil profiles were 

partially recharged under frozen soil conditions in February, 1977, 

possibly by unsaturated water flow from unfrozen substrata.

Deep percolation occurred only during heavy recharge periods in 

the summer and fall of 1976 and the spring of 1977. It was greatest in



I l l

those soil profiles having the least amount of roots at the lower soil 
profile depths. The degree of deep percolation was in the order; new 
minespoils > undisturbed soils > old minespoils. The amount of 
roots at the lower soil profile depths was in the order: old minespoils
> undisturbed soils > new minespoils.

Water use in new minespoils and undisturbed soils had. high 

positive correlations with root biomass ■ 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 old mine- 

spoils obtained a substantial amount of their soil moisture from lower 

soil profile depths (>76 cm).

Rooting activity was 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 phos- .
32phorus ( P) from minespoils and undisturbed soils was nearly identical. 

However, the percentage of radioactive plants with detectable roots below 

76 cm in the soil profiles was approximately 30 percent greater in old 

minespoils than in new minespoils and undisturbed soils. This was 

explained by the fact that deeper rooting vegetation (shrubs) dominated 

old minespoils, while more shallow rooted vegetation (grasses and forbs) 

dominated new minespoils and undisturbed soils.

Maximum detectable rooting depths of grasses, forbs and shrubs 

were generally greater in undisturbed soils than in minespoils, old and
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32new. However, a greater number of plant species had taken up P from 

below soil depths of 76 cm in old spoils (8) than in undisturbed soils

(5) and new spoils (3). The more common plant species with deep roots..
were: grass— Stipa Gomataj Agropyron traohyoaulum and Agropyron smithii \

forb— Melilotus Offioinalis3 Tragopogon dubius and Ambrosia psilo&tachya; 

and shrub— Artemisia dracunoulus and Chrysothamnus visoidiflorus.

Plant radioactivities were shown to be in part dependent on
32 ■ 32soil pH and P availability. The amount of P uptake by plant tops

per unit of water use was proportional to the size of the ’labile
32phosphate pool' in the soil solution. However, P uptake did not 

parallel water use.

Data from the three different methods used in this investiga­

tion to determine vertical rooting distributions (visual description - 

SCS; root biomass; and radioactive tracer) indicated that plant roots 

were more abundant in old minespoils below soil depths of approximately 

75 cm than in new minespoils and undisturbed soils; In addition, data 

from visual description and root biomass methods showed that plant roots 

were less abundant in new minespoils below soil depths of 10 cm than in 

old minespoils and undisturbed soils..
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APPENDIX A. Anti-coincidence Unit



92.5 mm diam cap 
( Threaded) 42.5  mm diam. 

Plastic handleANTI-CO INCIDENCE GEIGER-MUELLER  
DETECTOR 89  mm diam

(ALL METAL PARTS A R E  STAINLESS STEEL)
5mmSCALE

20m m 4  mm
BNC connector

4.5mm

Geiger tube No. 2 
.  3 7 . 6  m m  d ia m .

TOP

Geiger tube 
mount 12.7 mm D.GEIGER-MUELLER

TUBES
20 Bore copper

Protective wire mesh 
4.8 mm squares

SIDE
Geiger tube No I 

19 mm diam.

Rubber gasket 
86 mm diam.

BOTTOM

Base collar 115mm

Geiger tube No. I /  

Geiger tube No. 2 I
— ____ Adjustable base legs

6 4 mm diam.

12.7 m m diam .

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

A one-way analysis of variance was used for all statistical 

analysis presented in this thesis. Analysis was performed using a 

computer program authored, by Dr. Lund Of the Statistics Department. 

The model that forms the basis of this program is

Yij = U + ai + Eij

& . 2E a. = 0; E ..IND(0,0 ); i=l,...,a; j=l,...,n.i=l 1 1J e

where Y .. = single observation, U = population mean, a. = treatment xj x
2effect, E^. = experimental error, and Og = variance. The model implies 

three assumptions:

1) populations are normally distributed

2) population variances are equal

3) observations are independent.

Replications are not independent of one another, but sample means are.



32APPENDIX C. P Equation
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P Equation

OOPlant radioactivity is proportional to the amount of P in 

the above ground portion of the plant 

(]) Thus, FC = K1 (PQ)

where FC =. Field count

K1 = Proportionality constant (geometry factor)

PQ = Radioactive quanity in plant tops 

Decay of all radioactive substances is expressed by the equation

(2) N = Nq e~Xt
where N = Number of atoms remaining at time t

Nq = Original number of atoms present 
-Xte = Decay constant

X = 0.693/ half-life (]4.3 days for ~^P)
32Thus, radioactive quanity of P taken up by the plant tops from 

32 32injected P in the soil is the sum of P accumulated (PA) corrected 

for decay

32

(3) PQ
t=2
I (PA) e"Xt
t=]

where PA = Kg. (SQ)

and %2 = %21 K22
32Avail. P _ Avail. P

Total P * 22 Avail. P ’
K^q = P uptake by roots and transport to tops factor
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and SQ = Avail. P in soil

Integrating from t^ to t^

(4)
t=2

PQ = / (PA) e
t=l

-At

(5)
-At, -At.

■ PQ
PA ( e - e

—A
Substituting (I) into (5) and rearranging

K1(PA) FC ( -A )
-At,

( e - e
■ where A = K (PA) and is defined as actual plant uptake of P I

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

between measurement dates by substracting the residual radioactivity 
32of previous P uptake from field count. A modified field count

(FC^ 1) can be defined as 
c

-At
(7) FCt ' 

c
- FC

where t t2 tI
FC ' is the corrected field count at time t^ suitable for

tC 2
substitution into (7). In this case, in (7) would be the time 

elapsed from injection to measurement date 2 and ^  would be the elap 

ed time from injection to measurement date I.
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Table 34. Site description of Chinook undisturbed soil (Site No. I).
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Table 35. Site description of Yamac undisturbed soil (Site
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Table 36 Site description of Kobar undisturbed soil (Site No. 4).
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Table 37. Site description of Busby undisturbed soil (Site No. 6)
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Table 38 Site description of Busby undisturbed soil (Site No. 8)
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Table 39. Site description of 1924 old spoil (Site No. 5).
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Table 40. Site description of 1924 old spoil (Site No. 7)
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Table 41. Site description of 1924 old spoil (Site No. 9).
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Table 42. Site description of 1932 old spoil (Site No. 10).

SOU SteiMi
SUHVM SMPU NO.I
iocanofci
C M S S i r  ICSMhNl 
S M t  NO. :  U IO^

SlW Ttsptesiuet 
Sflt MSPtesiUHt WSTfP Tleu I petciPiiiTiONi Ptewtseii m m
PMSI0GP1PHVI MicenetLirri 
vtetm Kiwi
PSWkNT SIKPIU I

i/e. NS 1/4, si c

UiZ SPOIl S

I MN, P 4 11 , Z PT I St Of COLSleiP, NT.

COiINI VI SM MWSPP s CMSSI M  SRLV If Vf I
iNNUsiI si of ceils f
ANNUM I OTCWftS fUfPIMI CW.
■ 00fBSTlLV SAPIO 
LtVU OB UhOIILSTING UPLSNftS PN CHfST SNO SLOPf 
GRASStS ANO fOHWS Shft SMHUPS
UlGMU V WieTMHtC UNCOhSOLlomc PTNlPH SfClPI his CSLCAPI (NIS SSNDSlOht ShO INMeeiOCfD SMSLl SND SILISTChE

fU Vll IPhl 100« WtMSS * IhOI PlAfcfSuwwivt 6b OIGSfis r 
SUWWtPI OfGPffS F 
WOMM I I'CUS T COhTPOl StCTIUh LlWIlS
opsieiet cuss: v m  o p h m u

NONTh MNPlfOl IUGUST
WINMBt i 4 OfGSffS F 
WTNTfBI OfGPffS F rINOl SC WSTfH ISSLf UPPfII 0<> CN IOWtBl I
STONINfSSI CLSSS 0

MOB 1/ON Pernif nt upiption
* - I CM. ( o- o IN.)PAl I fPMWh Itove «/«) CPUSMfO I IPAN I ViIIQWISM BH IWN

NOI SI I NOOI BAIf Mht PlAlV SlPUCTCPf I SOFT NONSficev , SI IfMTtV PLASTIC I NSNV fIht BOOTS
"•NT F Ihf IUBIil IR COhI INUOUS MlPfS , Cf NNOh TO NlNV POPES I FEW SlhOSIONf FPIGNtMS >> fc" , CONNCN SIl 
'/ C* I NlLOlV TtffHVf SUNT (MCI J CONIthUdUS I PODtAlT (Np ON T M TH Ol NI UF) I iePlieiPI BlUhhAPV

( ICVB S/4) CBUSMfC , VtRV FR I S PlF 
I MPOU GMOU T HOB 1/ON 
FIhf VfSICUlIP ISTGNf f RIGNf NTS EU HPlLlNf PM- P.4

I - / CN. I C - I IN.)
PMf BPftWN < IOVP «/*) CBUSMfO I SihPT LOM J VfLlONISM BROWN ClCVB S/4) 
IBUSHtO N|) J GT I WOOtRITf Uht PlITV STfcUCTUBf I SOtT ,
VfPV FH IIBIF , hChST ICBV , I-ChPI ISlIC I PINT FlVt HOOTS
IHH OUGMftU T MOBIfUN I PINT Uhl TUFUl IR CPNI IhUCUS PQPfS ,
COWfcON Ift WANV f Ihl VfSICIILIH PCIPIS I FEW SIhCSIONf JPIGPfNTS >/ NP 
COWWOh SlLVSIbNl FPIGWfhTS >/ I"  I "Q Of HS MI V FFPfPVf SUhI (FCL) 
CONTINUOUS I POLffcP HIT ILHIlIhi PM- b.4 f BRJi WT MV ePL PLUf ) I IPR ITPIPV 
H OJINft IR V
Z - S IN. < I - / IN.)IT. VtllLWISM BPOWk (/.SV 6/4) CHUSHtG I VffcV U H  SlhOV LOI" I

L IGtII hi I Vt BHUWh (Z.SV S/4) CPUSMfD NOlSV I "001 HIM UNf PLITV
STPUCVUfcf I SI IGMTlV MIfcO , VIfcV FBIIfcU , IOhSIICBV ,S U  GHll V PlIST IC I IV f Hf fci.CTS TMPfUCMOUT HOM/ON j NIhV
UNf T UBUl BH CThMNUftUS PftRlS , ClNNftN TH MAfcf F INF Vf SICUlIP POPfS I • FW SANftSTftNf f Plf-Nf NTS >7 NB , CONBftN STlTSIOhl FPAGNfhT < >/ CW I
WOOtHITCL V HffMVf SCtfcI (MCI) CChTIhUOUS I STHOhGlV SlPHlNf Pt- B.t (IIHON TMVHfIl GlUt ) I SPFl IPSPV VfLhUAPt
S - U  C". ( 7 - 4 IN.)LIGHT P POwN I SM GfcIV (/.SV I//) CfcLSM I I VfPV f|N| SIhOV LOIN I

I IbMl OLlVt BSOWM (7.SV S/4) C PU SFf f. NOlSf I NCOf Silt F INt PlSTV
STHUCTUSt I SLItMTLV HIBU , VffcV FfcIINlf , hON SI IC B V , NONPUSMC I
■ INV f IhV BOLTS IHBOUGHftUI MOB I/ON I WINV fINI IUBUl IR CONTINUOUSPOBfS , NINV UMF Vt SItUUF PftRfS I PfW SShftSVONt FRAGWfNTS
>7 NW , COWWOh SiLTSTfthl I IIGNfhTS >/ C" I POOfPlTflV IfIfHVISCf hI (HCt) CUNT INUOUS I STPlIhGLV H BH Thf PM- b.< (BIONVMVWftl B(Uf) I CltIP WIVV N UUNO SBV
10 - SU CW. ( 4 70 IN.)LIGHT GPIV (7.SV 1/7) CPUSMfO I ICIW , LIGHT Cl IVF R BOWh (7.SV S/4)

CBUSHFO MOIST I NOUfBSTl MltlUP MUTV SVRUCTUBf I HAfcft , FRIABLE ,NONMICBV , SI IGMTLV PlSSVIC I PlhV fINt RGOTS IHPOUtHOUT MOP IIOh I
"INV FINf TUBUlSR COhTIhUftUS PfPt S I CONMQh PlIfO StOIWFhTIPV UlGNfhTS >7 NM , f IW SItTSUht FkICMfhTS CP I
■ OOfHMELV FFFtBffSUM (MCI) COhT THlftIJS I STBOhGlV ALBHfNt PM- 8.6
(AR ON THVNOL WlUE> I SBRITBBPV HCUNft IP V
SO - IOu CW. (70- tl IN.)I IGMT GPIV (7.SV 1/7/ C BUSNt G I III* I LIGHT OlIVf BBOWN (7.SI 5/4)LRUSUfO WOIST t NlSSIVt I Him , f PIIRlf , KONStICRV ,
SUtHTlV PLASTIC I IOPNUN I IhT HlJCl S TFfcC UGHCUI MOBlfON I PINVF TNI TUBUlIB COhTIhUOUS PORTS I CfthNON NIMt U SfOlNfNTARV fPIGNfNTS 
> 7  MN , f FM SILlSTONt FHIGNf hi'. >7 C* I NOOfBSTtLV IFFfPVtSCf NT (HCL) 
CONTINUOUS I SISOhGlV HKAt INI PM- F.8 (RfcONTMVMOL IlUt) I IPRT IPIPV fc OU NO IN V

L IGMT tPIV1" (7.SV 
CPUSMfO NOIST i 
SLI CM Tl V PLASTIC 
I UP UL IP CONTINUOUS POMS |Sll TSTOht FBSGPFhTS >7 CR I NOftIPUFLV FFFlBVf SCthI (MCL) CChTlhUOUS S TB ClNGl V SlVALINf PM- 8.8 (PPONTFVNf I PLUf ) I NOT BfICMFO MOCNf IBV

M  lh.)) CBUSMFI
"sssivf ;
I Fl

I ClST LOAN 
MSWD . fIPW

FEW Ubf BUTS ThBI Mk SShftSTftNF

LIGHT OLIVE RSOWh (7.SV S/4)
IZON I INV FINE 
>7 WN , CONNOW

OUtMClJl MOB

SIB IP-WINf SPOILS NI IP CftlSf "IP, WGNTINI IfVfUO IN 11JZ. IUC U. ISIb SOIL If" p -71.C C IT SO CW. UPWfB Hllf CF CZ HAS WOOfBSTt "FfHJP PlSTV SIBUCIUHF. THVP 
UL GLUf I NO IC S EOR GlVfS PM VALUES (.' 10 I.C MlGHFB TMSW Wf TE P.



136
Table 43 Site description of 1948 old spoil (Site No. 3).
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T a b le  4 4 . Site description of 1969 new spoil (Site No. 1 4 ) .

SML Ste j I M 1161 SPMl 1J
StKVMf S fM P l f  MU. IIOfKTIlIfctCl«SS Ir ICKTIt fct

1/4, fcb 1/4, SMI T I P ,  «M/ f  , 4 COISTPIP, -I.

SM
si r TlMP

I If*

MMMf KPTI ITVl MMT S lliUMMMV :
M  I C M H U I I r S 
vir.Minrfct 
MKMffct Mill fc|#l I

I HUM V I SM Pt IlMK S 
CLASS I NI KUT LI VM tfcNIIKt I M  Ol CHU S I 
KhNIiIt I OtCMMS fUl PlMl CM.
MOOf PKIUV 0 I P [ IlLIVrI I r 'iNf'ltl Kt I M  IPlisrs

r it r ah i us

IUVIIirfct UVM MflfMSKlin r OfctiviS L1KMI M I u  III CHfIS ISUMMfMt OtCfcffS f
MCfcIf I KUv'ISIUlfcTPUi SftTIPfc LIMlIS --
OMMkIf f CLKSSl Mill OMIIfcfO

INIi IDP HS Kfcll SMMUPSMfKTH HI L WklOkSIlUOf T* C " Ifcl MIL SI r IMtfcTS 
Slfcl/SIUk' KfcL IKK KH CUS StLISIOfcI

MONTH SKMMlfOl KUCUSI 
KSPfttt fcOPTMWCST MINTfMI /4 OfCMfFS F MlMTfMt PFCMffS r 
KIfcOI NC M411 M TKBLf UPPTflI O/* CM LOMfPt ICC CM
STOMIfcfSSt ClKSS O

HlK ITIIfc

HfVKuvSt

PUCF Hf Ul SCU IP I IOfc

I  I I i M T  - r A T  I l v T f l  I HU SNHI -I IM I
f HIIS-Ii Il M1II IUS I 
VIfcV Ffc |»l'Le fiHKfllir.H'lUT NllP I Tfifc« 1*1.1 SlUlMIfcTKBV
.IIOhUV MIV HH-

IIOHl CPfV IInTs 
UHIlrNi r MLISI I
U"''..I i I MUlll ' S I VI t V fO|/uil ,
INfliIUCHiiur line I ton V IXI I) VrPlMf si AR V 
M Il III V Al VKLIfcI HH-

7/ u  CHllSHfI1 I f Ifcl ' AfcItT LIIAM I CKKTI SM -KLWfc (IOTP S/T)UV III COMMOfc U'ifcSI PKIIMIfcffcI STMONG MBIIVfc <7.STM 5/8)
VIfcV Vl IF H M  PlKIV SIflUt HMI I sort ,MfcrilCKV , SI ICMlV Pl KSIIl I MKfcV F Ifcf BlJPTSI MAfcV Tlfcl IMVfMTlKM POMA $ J |C PIKCtfcI
APKGMI MS >? MM i • IlOlV FFFfWVFSCf NI IH(L) CONTINUOUS 

I < PM MMIfcT I AMhI TMAKV h OIlfcrKVV

I//) i "I Sm o ;MV IP CUMpflfc 
VIWV VIA* Ilfcl MfcSfILMV ,
IBALMffcTS X  ■

' AU SI HUIj1 
" I IChII V Pl Kil IC

I U 
U-Ifcffcl

CMKTISH BMUVfc (IQVfc S/T)SIKPNC PHfIVfc (I.STP S/1,) 
H»l I SOFT ,■ AfcT F INf BUOIS

IflOfLUlAfc POHfS I I MIlOLT IMlPVFSCfNT IflUIfcKKV "OUfcCKBV

Li'.' I MMliVhl SM GflKV Il 'TL ',/.’) CflUSHf I 
»7. ,Tfc ' /►) CflMShlII VfV Ffc IAMLf ,
I Hfc UOfMCIIT HpB f TCfc fc TXlU SrliTMIhIKflV " Il 'll v AL K Al I Nr PH-

L TCHl PPUVfcTiH GPAV
c p'i s I* 11 M in  :
CBUSMl P fJI TI r S S VffcV IP IKKL I ,
enillS TH-JilCNOUT »1X1! ,1OlMfcfcIKPV SfUTWKl HH- I.I (PH

I 'C'-1 I.PAt ClOTfc 
(.PUrNM NI ISI I fVUSNFO PIIUIS I 
CIIA PUIAl PKNPS

HTA A//) I KLSHI I) ; FlNf SKfcUl IOKM , CPKVISM BKCVfc
IfV If LLPVI fc CCKfcSf PiOMINffcI ? IflOfcC AROWfc VlflV VlAK Clfcf Pt Kiv STMIICIUPf I SOFT 

MfcSIItM , SI If.MLI PliSI IC I MKfcT I IMl HOOTS 
I -Afci FtfcA IflHlGOlKK POMfS I J PlRCf NI1». CRAMS >/ M I MIlOI V MAfMVIrCfNI (HCL/ CUhMhULUS1.4 I RH MA IIP) I ClFKU WlVV POUfcOKHV

A H Tfl ».//) CPlSHI p. I SfcfcLT ((»M I I
Iiv Ir c LMpiifc Cr Me si PflCPifcMi SlHOiVIflV W AK F!M PLATT ,IPUlHeFSI ICa-HV SI ItMt , SI ICHTl A Pt KSI TC 
HllfclTOfc I KfcV r I NI Ifcfcl GllKfc II IAGMffclS ) ? MM i MIlUlV M  Al MVFSfffcT (Mtl)
M I' w ) I AP»!|»KPV MA1UfcII KMV

GMKVtSH PfcIIMfc ( IGVR S/?> 
If. BPIlHN IT.SVP r/P)

OPfS I I PiHCtfcT
COfcTIfcUCUS I

« ) CPUSM C SKfcI V I l!K"
If C(IP»lifc Cl KR S' PKtlM I /0 PfflClfcI V» Ut A-APl niirv - CM I HltK ) I * AS' I Vl

; 11' Al I I

MIfcPlArI K  I I 1"» 'fc VAST ' Ifcf IRRM l I AU P''fc| S |
>.: HM I HllOlV FM f w Vl SC' NT (MCI) (PM Mf T I U) I KfcPIIUKBV bOUfcC K U T

I IGHT BPfI Wfc ISH CRM UOVP 6/7) STRONG BRHVfc (7.SVB S/8) 
CIOTB 7/0) CPVSHto I SOFT , VFflT AflTKBlf ,

AIM H G C i s  I HACUGM UU T Hl P I/Oh Ii PIBCffcI MIXft SI OffcFhIKflV FBKGMlfcTS 
CONTINUOUS i MIlOlT AlKKIIfcf PH- I.S

WHl Ii I I - TU 

I. Ifc I I A-U'ILS

1/1) ' KIISHI ' I IIA-V '.Afcll I I IGHl GPKT ( IOVM A/l) IPGSHl U 
I I A ■ ClKHSf Pflf MlMfcI SIfcIiM PflC-S I I.'TB S / K) CBIlS MO MOTUF S 
VlflV HKHO HlKCM (IOVM </CT IMUSHI I CHKMlf Kl PKhUS IO - CM THICK 
; SM I , Vl UV AflMfUl , hOfcSl ICKV , NOfcPlKST IC I FfbUUfS THBOUCH'IUI Hlie ITLfc I M W FfM IUMUlKM C IN IIfcUOU S MUMfS 

• 1X1 I, SflIPIfcIKWT FflKGPIfcIr >7 M I MfiriT FFFfPVf SCffcT (HCl)(MN "I If NT I KPfcI IR* UV PCUAOKMT
nr - 70 CM. < Jfc - Ti |A,. )I I .HI GP-IT ( I J Vw T / I ) IHlMIir S I C K P v SAfcp I I TGHT BMOVfctSH GMKl ( ICVR A/i) GflIISHln BUST I LIGHT GPKV (lCVe T / T) CPUSHIC • PU I "RUVfc CloTR fc/J)
LRIShFU BPI SI I VKSSIVl I SU I , VfPT A P|*Klf , NpfcSIICKV ,-I NPlKSIK I ATw I IfcA HIIlI'. IHPf UGHfUT MOPIThfc J IfW MfcF
I Ul-UL KP COfc'I NUOU S MOPA S I IO PFVfjNT MfKIU Sf UIPlhTKPV I MKGPf NTS >7 IM IPflOlT f A Ff WVf SCI fc I (HCl) I IfcTIfclCUF I PllOlT KlKKl INI MH- I.A (Ml- MfTtR) i
fcl I WMCA-IO PllllA1OKfcV
.IP IP-BlNI SPOILS fcl »0 CIHStMtP, HffcIKhf PfGRAUlU IN |1#S. *110. It, IiTe SUl T
‘Ml- - If.S C AT SO CM. WltOTS Ih F 4 P-Tl IMRKIf |fc S' M  (OKI FfcKr1PINlS. PKfcV Vf 
v A |hi urns IN UPPfR HKIF OF f.7. ef'SS "AT I CM Ihicp COVfRS SUPFKCf. POCRtTS I'F -IlKVT LU*" MKIfR IKl CfIMi1 M I SI ICl CF VOIUP' . /Cl f GKt IC I OIMIH Of Ufcf MFTf 

ClNLAfclNK IMUfc-SIKIMC i CM. RTfcCS U.r Vfl S/8) KPF KSSOCI KTFO VlTH CCKL PO ( U is. IHf Mlfch IS SIPAfciU O FMfM THf (OKI M  I I M» IfTFM OF GVMSUM • IFFfCltO r IKL IKfNS MTU I Il . PA, I A IHf KBAfltfn I i Kl f* 7.1, IHf IfcSICf "F TMf BlVF I



138

Table 45 Site description of 1970 new spoil (Site No. 15).

sou sieit m o  te rn  s

U*VFT SiFFU NO.I <- IHCCeilOM NF 1/4, NI 1/4, SW 1/4, S*C» IT Ilk, F4?l, S F| Si Ol COISIBIF, "I.
ieSSlMcmilN!
IU NO. I V is
1» TIFFfRMURf CU IfFFfRellIF* 
•Tie TeFLf I REClFMAlinM IRFieFIl MT: 
HSIuceeFFTi 
ICROBti IfF: IUTeiinNt f»tNt FeiieietI

Oteefts I

UkOUlATlNO UFl ANUS

Il I TH Kkl OOFI FfffFS 
RlkOl CtlNCAVl
SUFFIAt AP OfOMlfS I SUFFiei OlGBffS 1 
FIlMf I AUGUST 
cnkiei’l SfCffOk HFMS -- OBAlkAGf CLASS! will UAAIbfO

!,BASS'S AFO FOBRSSLICHtiT «1AlHfBfr UkCONSUlIOAIir FIktBAl SfrlFIhTS 
CAICABfOUS SAkOSlOkf AkO GAICAB10U4 SIlTSTONf

FONTm SAFFLtOI AUGUST 
ASFFCTI SOUTNf AST WINTfRI /4 OfGBftS f WINTl BI DfGRttS f 
RINOI AC WAIfB TARlf UFPfFt OTS CF ICWfRl ICC Cf
STONIkfSSl CLASS U

HUBlZUk FAff III Of SCBIFTION
I) - I CF. C C- C Ik.)m  UIHSh MPfWk UUTP s/4 ) CBUSHft I Flht SANllT IORH I OR. TFlllH Sh BBOWkIlUTR 4/4) CRUSHfU FOIST I WfAR F Ikt OBAhIIl RB STBUCTUBI I SIlF I •

Vl"I 'BI APlI , ktkSTICRT , NChPlAST IC I FlhT PINf ACOISFAIItr ABOUND STOklS AkO FtRBirs I FAkT Flhf IBBfGUtAB FCMfS IFflO« BIT*LT FFFf NVFSCfAl (Hfl) COkl IAUOUS I NOOfBATUT AlRAlIkt Fk B.O
IHkllFTHTFfl MUf ) I I B P  IIAABT RCUkUABT

THUIWISN FBUWHtClOTA </4 ftBO SHf C I f Ikt SAkOT IOAP I OR. TFllf WISH RBOWk
ClIlTi- 4/4) IBUSHt O PPlM I Wf A' f Ikf GAAhUlAB STRUCTUBf I SOFT ,VUT PB IAPLt , NUkSTICtT , hCkPlASllt I FAkT FINE BOOTS«, AM' I' APVUNO STUNtS AkO PlIRlIS I PAhT I Ihl IRRIGUl AR PORES I
POIitMBUlT ItMRVf Stlhl (HtL) ClJAUkUOUS I ■ TDf RAIflT ALRAlfNf PH- «./
(PR OM IHTMIl RlUf ) I ABfMRAkT HCUNt ART
2 - S CR. C I - 2 Ik.)VFtlHWlSH PPlJVN ClCTB S/A) LRUSHtc I P Ihf SAhOT IOPP I OR. TtLlChISH PPOWh

ClUTB 4/4) CAUSHfC FUI SI I hif» I Iht GRAhUl RF STBUCTUBI I SOP T ,
VfBT FBIAFlf , NUNS IICRT , h(NFlASTIC I PART fINf ROOTS-IIIto AAOUkO STONl S ANO Fl BBll S I FAhT Mkf TRBtGlKAA fOBIS I-OOIBAIIlT ItrtBVfSCfhT (HCl) IOAiIAllUS I NOOIP ATILT ALRAlIkf PH- 8.2
(PB V-TNTPfl PlUf) I APPUPT PBCRfk ROUkPBBT I

I 11> HT PBOWh I SM GBAt ClUTk h/2) CAtSHtU I FIkf SAkOT IOAN | HBpWk ClOTB S/J) 
IBUSIIlfc POISl i WtiR Pl MT STBUCTUBI I Sll GHTlT HBBU 
VtB T FR IRHL= , kCNSIICRT . NfhPLASllC I -ANT FlNf-RMfO ABOUND SlONtS »N0 FtPHlfS T CONFON FTNT IRRfGUlAFSlllMUhl f BAGFthTS >2 CF I WtiOt BRlI IT ItMWVI SCfhT (HCl) C OhTthUOUS IFOIII -IltlT RtRRlIhI PH- d.A CPkOFTfTFfI Plllt ) I RBP 11B ABT POUhCART

POTS
CWfS

Till
VJ CF. C 4 - PO IN.) PALI BBOWM

PlCRI TS OB CUkTBASMkG "RfIBIAlCP
IMfl UUGHOUT HlieMON I ft V I thC IVHUIAW CONTINUOUS FOBtS-on I B A m  T FFff BVESCI AT (HCl) COAT IUOUS I SlWOkGlT AlRBlfNI 
(PUflFlMVFnl "IUI ) I APflMRiBT HUNC SPY

- Cm IHKP ) i PlSSIVf 
NONSIICRT , NCkFl ASI Ir : COFFIN Mhf ROD

STB 6/i) CFUSMtC OTk s/6) CBUSHfC 
Si IGHH t HABO

SO - 100 CF. C 20 - 19 Ik.)LIGHT GRAV ClUTR 7//) CFUSHT U I SAM. T LOA" 
■nisi I 10 FfBCtkI VfBT HIBC SAkGT ICAP
POCWMS UW fOWTRBSMkG WAfIRlAlbI - C- THlCR 
VIRT PBlAPlf , kCkSIIIRT . NOkFlASl ItTHROUGHOUT HORIZON J Mw F Ikf TUPUl AR COkT
I BAGNtkTS >2 CF I FCtfBRlMT MMFVSlIkT 
S  T B  PNGlT  RLAAlINE FM- A.H  (RR"F THTFOl H t U * )

I FRlf MOWN MUTB 6/1) CBUShfC 
TllirwiSH RBOWN UtiTR S/M CBUShFL ) 5 BASSIVt I SUGMUT HiRO
I COBPCW fINf BOOTS 

TNUDUS POBES I ffW Sll ISTOM 
(MCI) C ONl I MjnuS I I ABRMBRRT ROUNC ART

IOU - /OV IF. C JS - TS IN.)LIGHI GBAT (IOTA T/.) CBUSHfC I SRfcfT IORF | UPOVfc ClOTB S/M CBUSHfO
■ lit SI ; FRSSlvt I SI IfiHTt V MRIO , f BIBFlI , NOkSTICRV , kONFIRSI IC ICOP-IlN I |kf ROOTS I 111 OUr,HOUI HOBUON I FIW MNI TURUl*k CPNT INUOUS
POM > I 70 Fl RCtkl SRkPSIUNf f BRCPtNIS >/ C- I FOOfRAIU T FFFfRVf SCI NI
( N d  ) lOkllNUOUS I SI BOFGl T AlRAlINt PH- 6 . 6  ( PBOF THTFfll RlUf) I
NOf Rf ACH'D ftOUND A R T
STRIP-FIkf SPOILS hf B CO!SIR IP, PtkIRhA RfGRAOfO IN 1ST0. AUG II, ISTA SOIL IF 
Pt • <1.0 C AT SO CP. All IHROUGh *1) CONSISTS Uf TOPSOfl FRIFRIAl. 101 SIHSTO 
N* INO SAkOSIOHf PAAGFfNTS. LIMtI COAl OPSIPVfO. MW PfFAUGINUUS CCNCRfTIONS ( 6 C"). COFRON I Ikf BLOTS IN UFPl - hAlf Of U. THtFOl BlUf GIVES PH O.S IP I.E 
MlGHf * TMAk PfTfR.
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Table 46 Site description of 1972 new spoil (Site No. 13).

SML UIIItSl
n m f  ssMif nr.i
IPC S TI ON I
c is fs i r ic s f IPKt

Slit NO.I o Ii
• is ItNfiesiURl 
sell  TtfffSSIUSI 
NSTfS TSSltt 
fS|ClfITSTlnNl 
SfSWISBll IT*I 
ffff IOCSSfHTt 
■ I ( S 0R{I Iff I 
NfCfTSTIPNI SSBtNI SSTt RISlI

1112 SfOIlS

NW IS*, NI I/*, NI 1/4, SI CT I I HS " I  sr Cf coisTRif.

I. OU NITI fit IWSRKS 
IlSSSI CiNllT SIOMNC 
SNNUSI I 44 OtCRfIf f SNNUSI I 01 CSII S f UlfTHI Cf.
-OOI H S m  I RSNio
LIVIl UR UNOUlSflNC UflRNPS
CRSSSIS SNO MIRBS SII CU Tl * WlSTHlRirCSLCSRfOUS SSNOSTOfcI

Ut VST IONI 1014 NIIfRS KlNOl COfcVIBSURRfSI t R OICRIIS r 
SUfffR I OtCRfIS f fON Tpl IUCUSI

RONIH SSfRlfOI SUCUST 
SSffCTI VIST 
W IN Tl R I 74 OtCRtES F WINTfRI OtCRfES F KINDS NO MSlIR TSBlI 
WfffRl 024 CR IOWfRI 100 CR
STONIWtSSI risss 0

MOFllt OI sreIfTIIIN
0 - I IR. < C- 0 IN.)'ll SC* (IOTf 2/U) ISUSHfP I I IM SSNPT IUSR I «01 SI I T Wl SR I in ft SlT SieilCIURI

!,RSNlII SR I SIIF I , VfRT I RlIBlI •
■ SN T rINI SHOTS THROUGHOUT HORIFPN IHlNfSlCSNIOUS (HCl) CONTINUOUS I fctUTRSl 
RItUNIISfcV

HlSCS CIOTR 2/1) IRUSHIO RSRIINC TO Wl SR "ICIU" NONSfICRT , NONfltSIIC I 
■ *NT I INI IRRFtUl SR fORt SRH- 6.1 CfH Rl Tl SI I SRfIIRSBT

I - / CR. C C- I IN.)
TMl INlSH RRlIWh CIQTR 4/4) CRUSHfC I S4NPT IOSR I OR. TClLIWISH HRPWh C IOTW 4/4) 
CRUSUI ' I RPIST I VMT WlSR FINl RlMT STRUCTURE RSRTIhC If WftR 
NHllUR CWIhUt SR I SOI T , VfRT FRISfir , NONST ICKT , NONflSST IC I
-SNT FINf ROMS IHSOUtHOVT HPS IFlIh I RSNT FIhf IRBfCllSR FPSf S I
4 Tl OLT FFMRVfSCtNl CHI I ) CPNI INUOUS I NfUlRRl RH- 7.7 (RH RlIFf) I
RKH IIfcSRT MOUNCStT

Tl LlUWI SM 
CRUSHf I) HOISt

4 CR. C I - IN.)H BROWN ClOTR 4/4) CfUSM I SNNIlT IOSR I OK. 
CSSNUlSS StRLLlURF

VRT FRISRlf ,
IHRPUfHOUT HVSI ION 
I HCl ) LONtlNUOUS 
ROlINllSRt

RCRSI ICRT . NfwRl SSIIC I "Mt I FSNT FINF IRRfCUlNR ROSFS 
I RIlPlT SI KU IM FM- T • 4 CfH RtTfR)

TfllOWlSH BROWN ClOTR 4/4)
FINE ROOTS I BllPlT FfFfRVf SCFNI 
I SR I'I TSSRI

T FI IlIW I SH BROWN UCTN 4/4) CRUSBFI I SRNPT IOSB I OR. TFUPWlSh BROWN ClCTR 4/4) 
CRUSH' * ROlSI I V,RT WtIR Rf C IUf CRtNUlSR STRUCTURf I SPFI .
Vl IT IB TSBl I , NPhSTTCFT , hi NBiNSl TC I RSH FlRl SCOTST HR PUMUUI HCfIICN I "SM F INF IRNFCUltB fPWfS I RIlOlT IFFttVl SffNI
(HCL) CPM INIIOUS I WllOlV SlFSl INf FM- 7.4 (FM Rf MS) I SRSUfI WSVT 
10'INIl/BT
IP - SI/ CR. C 4 70 IN.)p III RMOWfc ClOTfc f/n CRUSHfo I SSkOT IOSH I TfLlOWlSH BROWS ( IOTK 4/4) 
I RIlSHFO RPISI I RISSIVt I SPFT . VKT FBlSflt , ROfcSIICFT ,
IPNfl S' I IC I CflRRUN Flfcl ROMS I HBtiUCHOU • HUB I/Oh I COBROfc FfNI IBRM Ut SR MRfS I ROCtNSIMT MFINVfSCfhI (HCl) CONTINUOUS I 
WIlIllT SlKSlINf RH- I.N (RH Rf UR) I NBRIT RRRT RCUfcOSRT

I ICHl CMTt (1UTB 1̂/7) CRUSNFt I SShPT I PSR I FSV FSOWN IlCTW 6/3) CRUSHfU ■ Il I «I i /P Flflftht SOFT SSfcOT IPS" I ICHT CRST C7.4T 1/1 ) C HDSHFP RtNfiS CS
- I" THICK ) I ■ S S SIVI I SCtT • VfNV I R|tBW , NUfcST ICKT ,

NONFl SSTIC I MW MNf RIOTS IBRHUWHOUT MPRIION I FfW f INI IRRfCUl FRFQKIS I WCbfRRHlT IFFfRVlSCIfcI IfClt CPhUNUCuS I KIlOlT RlBflINC FM- T.t 
(FM WlItR) I SNRlTflSRT BPUNOSRT

J 160 - 201 C". C it Tl IK.)L ICM CflNT ( IOTN 1/2) LRUSMfO I SSNQT IORR I f Slf RROWN UiTB 6/1) CRUSHfC WUISI I 20 FfRffNI SI F I SRNOT IUtR SI OfISH TIllOW (?.«!• B/t) CRUSHtO
IUNOS us - CR THICK J I RSSSIVt I SOFT , VfRT FRISUf .
NUNSI ICRI , NONfl S $ I IC I MW FlNl tOlitS IFflIlUCHOUT HOB I 7 C N IBOOtRNIELT t FFf NVt SttNt (FtI) (0NIIM0U4 I RIlOlT SI R SI INF FM- 1.6 IFH RIMS) I 
NOf Kt SCMlC BliONOSBT

RERSSfSl $18IF-NlM SFPllS NI SN COISTRIF, RON IS RS B|CNSDfO IN 1117. SUC 17, I1T6 SOll I■ RP »11.0 C SI IC CR. Ill IHRCUCH SI* RSIfSItl SRf ICfSOIl RtTERTSl . UNFIT Ul V10»U FTSITf SNO IiIHtR TfUOW FUWOfR IN CPSI FSSCFf NTS. SCTO CON| FNTt KlFtr FT 
I CR RSNOS Of IRON-SISINtO OfFOSITS. IO I CR UF COM OUST SI SOll SWSFSCt (PPWBWIN O FSOR COSl-IUSOt S) . WOtMCNT SI WSI UF ROOTS SI SC CR FOLLOWS SURF SCf UF 
CRST SHSlt StND. ROOI IIRITfO FFIRSBIlT TU URFfR HSlF CF Cl NOR MUR.
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Table 47. Site description of 1973 new spoil (Site No. 12)

Utt Sf RlMl
U f l V l I  SlFPU PC.
UXlTillM
CimtMtiTirNi
Slit NO.I o I /

i l l ' l l " F t  KilUWl1 
U ll  IFFPlKlTUBt 
NiIFl TlPtI Im u m m o N *
FMFF IMUTVt 
FFVSIOGRiPHTt PlcewitlltM
Vfftl IiTICM 
FiPMl P iT lk Illt

NV 1/4, NI 1/4, NW 1/4, ST CI 18 "I SI CF CClST PIP, MT.

COUNT T l  St l  Pt MiPKS 
C l i S S I  P U O f P l I l i v  S lUFl  
* NNl Il l  t 46 D lb B t l S  F 
IN N I I i l  I OFGRttS I  
IIfMht C».
HOItra ill
KILLING IIW H I l l V  UF l lM tS

r,WlSSIS INO FOBFS 
S l I G h I t V  V t lT W P F U  
C l l t i a l O U S  SlNOSIOkI

IltVMirNt OVVI FMtPS 
MNOl CllNCiVISUMFliI Ml OtGRIts F 
SUFFMt DFGRttS F 
FOMt I IbGUST COntpui sictidn u  DPilMGi CliSSI

MONTH SlPPlfOI IUGUSI 
• SFlCTl POPTH VINTtPl 74 OtGRFtS I 
VINTtPl OfGPFtS F RINOI NO VlIfi IiFlf 
UPFFPI 0/S CM IOVtPl ICC CM
STONINISS I CliSS 0

FPfF 111 Cl SCPIFllON

S/jJ LPUSHtO I IOiP 
PliTT SI PUCT URF SlIGtIllV MUPV , StlGHllT PliSIIC I HR IUlGHnU I HIlR I ION I COPPON FIM 

I PiGMINTS >7 CM Niliiir URiiINf PM-

<IOVR 4/1) C RUSFFU "01ST VfRV FRUBlF ,I INt ROOIS POPFS I FEv SlkOSTONt 
CONTINUOUS I HOUNOiR V

IkRlGUllB PCRIS I FfV SINI FFfRV' SCf NT (HO) CONTINUOUS I » IRMTRiWV “ OUNC IR V

ICI" I FROWN CIOVR 4/3) CRUSHFD MOISTVl HW U M  FlITV SlRUCIURf I SUM , VfRV FRUBLf .SC I GHTl V STICRT , SI TfiHTlV FUSTIC I MINT Ukf ROOTS
I Ha HUGH OU T HORIZON I COMMON UNI IfcRlGUUB FCRfS I FfV SINOSICNfIRlGNfkTs >2 CF I MGUfRITflT IFffI-IlOIT IUILINf PH- I.S (PH Hf 11 R )

i - » Cl. ( I - Z IN.)Fill RH'JVk ( IOVR 6/1) CRUSH'D T LCIP I BROVN (10VR 4/3) CRUSHfO FOIST
VfIK MfcOTUN GRINUl IW SIRVCIUt i SI IGHTlY HlRO . VfPT FRURlI ,
SI I GHTlV SI KRV , SI IGH11 T PliSI If I NINT IINf ROOTS
I MR OUGHOUI HORIZON I PINT I Ikt IfcRIGUlIR FORtS I FfV SIkPSTONl
FBIGHfWTS >2 CR I NOUlRiTUV Iff HVf SClNT CHCl ) CONTINUOUS I• Il OlV IlRIlIWF FH- I.S IFM Ht TfP) J IRHIYRlWV ROUNCiPV
s- IO C*. < 7 - 4 IN.)

PHI BPOVN (IOVR 6/3) CPUSHfO I LCIF I UtHT OUVFCPUSMfD POIST J VfiW PT CllF GIiMjUK STRUCTURE I S FPIiiIlI , SI IGHTlV STICKY , FUSTIC I COPMON TH MINT FINE BOOTS I NKI UGH PU T HORIZON I COMMON Ilkf IRRfGUUR PORFS I ffV SINOSTONt I RluKfNIS > / CR I BOOfRkIflT fHIBVf SCI M  (HCl) CONTINUOUS IMIlOlV MKIllkt PH- I.S (FM N(IIR) I P-BlIFT VIVT FCUNOiBT
10 - Si* CR. ( 4 - /0 Ik.)
IlGhI GRiT (?.ST ?/?) CRUSH U I SIkU LOIR I I IGHT Ol I Vl HROVk (2.ST S/4 GIUSHIO POIST I Vl FT Vl IR VfRI CGIRSl Fl ITT STRUCTUFt I SCFT ,
VIRT IFURlf , SI IGHTlT SUtPT , SI IGHTlT FUSTIC I COFKtk I Ikt
Nrurs IMPoutHOUi hofizqn , fiv Uki imiguiir fores i itv sikosioMI RIfMINis >7 CM I BUUIRIItl T IfURVfSCfkT (HCL) CONTINUOUS IRltOLT IieilINt FM- 7.6 CFH MUtF) I IFBUFI VIVT BOUNOIRT

"!I I VlllOV C 
CRUSHIO MOIST » CRUSHlUI «C Fl BClkI Hll 

- CM IUCK ) I FISSIVf
SI TGHTlV STICKT , SI IGHTlV PLASTIC I Flk Fffct I fV F INI IBREGUlIR FORtS I Hk SlkOSTONI I IItRfNlS >7 CF 
PODI BIIClV IFFEftWtSCFNT CH(I) COUHUCIUS IBRUFl VIVT BOUkOlBV MUOlT It R Il I NI BH- I . *  CFH Pt 11 R )

IOv CM. C 31 GRIT CSTT/?)
- CR THUK ) I SIl ISTONI MlGPCk

CRUSHfC I SUIT Cl IT IOlP I OlIVC GPIT (SYS/Z) CPUSHfO PFwCkkI HlRO SIlTT CUT IOlP IIGHI GPlT (ST 6/1) CRUSHED BINCS 2 
PISSIVI I HIRO , FlfcB , STICKT . BUSIIC I FIV>? CM I "GDI BIUlY IFFIRVf SCtkT CNCU CONTINUOUS SBIiniT ILFAUNt FM- 7.*. CFH BI HR)

IOO - <0V IN. CSS- TV IN. )PIU TlIlGW 17.ST 7/4) CRUSHED 
CBUSHfO NDlST I BisslVf I SI I GH TL T FUSTIC I NOCHlU
MIiniV IUlUNF FH- 7.S (FM Wf IIP)

IH W HF I VIVT 8OUNO IR T

SWkOT UIiM | LIGHT OLIVE RitiWk

NOT RIICHtP HOUWCliV
SIK IF-MIkf SPOILS fcfIR C OlS IR IF, MGNlIkI BI GIIOIO Ik IVTi. IUG 12, ISIt SOIL TC •F -22.0 C IT SO CF. MINT VfcRT FUf BfOIS INC COFMPk VfcRT FINf FORES U  UPPER ID I- CF Cl. UFlUIfc OIU COIl IR Cl INO C2■ •  Cl  BfcSI l ICTS ROOTS Ib  V f R I I C l l  F R lC IU P f S.  

MkntGF 114 I  = I I OF so U  MiTtRUl.
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Table 48. Site description of 1975 new spoil (Site No. 11).

sell SMlfSI
SiievEt SMHf ir. ICCETinM 
CLESSlf KMI UKI
Sill NP.I C 11
l i e  I t F k i e s i U E f  SCll TlFkfREiuei 
HElie TEHll I EEtcikfIElIUFI 
EMFfEflH ITTI EMSIOCElkHT I
Ficeoeiitm 
VtCfierinNi EEEfNT MTfHlUI

n n  sec i t  s

NI |/4, hH 1/4, Nk 1/4, SI Cl M 0 11*11 I IE, •4« t , 4 Fl S' CE CCISTE1E, FT

H ElNENFS 
Nf EBI T IlVfl I* ntf.Eiis f

NOO f N ETIlT SlOH
IlVlI CE UNOUlEI INC UElENf'

IllVETinNt 014S FlTtBS 
FlFCI ElEFf
SUEFiei NE OtCEflS ISUFFfOi Hf f Fl I S F
FONTHI EUCUSI
COEIEni VtIlUN I IFlIS --
OEElEECI f IESSl FQOfEETflT

FQNIH SEFFlI01 EUCUSI
HINTfEI 14 OlCEtl S f H INIfFi OfCBffS I 
E INM NO HEUB TEFlf UEEIBI CIS CF IOHfBl IOC

HfETNtEtU UNIONSUIIOEU C • I Ni EEl Sf UFI KTS UM (.EF1 OUS SEFOSTOEf ENt INIfBFf OCfC SHEU ENO SIlISICNf

FBOfIlf OiscetEiinN
U - I I". C O- J IF.)FEUl PMHS UOTE */*/ CtIlSHfU I SEnPT IOEF I HfEF PINf FfElf SieiIL IUFI I SUM , Vl Ef I e IEFtI , NON SI ICET , SI I o u t  fiesuc. Fw I IM HOOTS IHEOUCHUUI HtBl/CE I AET MNf VfSICUlEE FOBfS I 

-IH SBMTMtINI FBECFfFTS > /  CE J FOCIBETflT ICffkVf SCfNl IHtl >  IONTINUCUS • PniPMFlf ElVELlFt FH- F. I IFH Ff It F ) I EEdITBlFT OOUNUEET

I El I IkfiEF f IuTF #/i)
IBUSHIO "I ISI I Hl B» I INI VET T K I E P11 , NOFSlItET ,IHHHUI HPIIl HUB I/OF I Mk HI CCFB 
>ENf*IoNt I BALFE NTs > i Cf ;

C C -  I IF.) IuTF # m  CEUSHl U

MMiNl I T

SEFIT IPEF I OF. Ill IOHISH HFPkF UOTB ■ 
FlETT STEULlUEt I SOM .
SI IfHIlT FLlSI IC I MW I IFf HOCISN I INI VlSIlUlfP FOEfS I ffk FCI I HElllT ItMEVI SClNI (HCl) CCNMfcUlUS HF/ I EfcFIIEEET FOUkOiBT

/ - S C .  ( 
P i l l  PHIlwN IlO T B  
I EUSHI0 BOISI Vl I T IBIEFlf 
IH iin iO N ftU l H-JBI

I / J) CFUSHin I M M  T IPfcF S OF. TflIOWISH BBCkN ClOTB 
I kf E* Ufk S1 PlElT SlfUlItBI I SOf I ,
, ME IlfBT , SI IfHll T FIESIIC I FfWMEf EOCfS

ICN I Mk IU CLFFIJF I IFt Vf SllUlEE FOBtS I HWAlflT fFflBVE SClNf (Htl) CfN TINUOUS i IkflIIFEBT

PEL I HiIWF C IUTH

► B I » i l l  ,  FIINS • i t
4/ I) CBlISHI U I SEFPT LC*»WI / F C IEBSI FliTT STBIJC

SUCH I T FlESMC

enuNOEiT

I TMlUklSH Btrwk CIUTW TUB* I SUfHllT HEHO 
Mk F INI EOClS

IUt iUi i t  C fF i  I kurus  FOEisI HPIi1IChouI MiiPIIikI P “ I IiUl EH EPRfS I - I k SEE IJ Sll NI IBEf-INIWfJJlHEIflT M I I EVI SC I T IMClJ COE I IFUPIIS I -OOI EElClT ElHEl IFf Ft- 
t PM HIItVJ ; SEFMkiBT IilIUNCiBT .
IO - «h I". f 4 - I I IN.)PEI* PkPWf < IMi - I EU SHf I' HPfM I UItHllT Bi ISlIC 
I UOUl BP CPM IFUPUS SIEI.NCLT BI EBllFf

t CF FON Flkl

IkBOUCHCUI
EBBIlBt WiVT

EICON I MW I Ikf 
Nd) Cf F M  EUCU S flPUNfEET

UCHI CEfT ( Mt/ I ) ( BUStfl FOlSl 
ECFSI ICET , Slir-HlIT FliSMC I SI FONCL T ELEEl I NI PM- 0.E

>F - 11) CF. <11- »0 IN.)
I IfcHI UFET (ST7/1 ) PBUSHfO I IPfW I-ESSI Vl I SI IUhll T HEBL , IEIEMI ,HflOMMItT IFMBVf SChFt (HCl) ("FT IEU OS I PH WlIIBJ J EHdIIBEBT BUUNOEBT
Si' - IU CF. ( <C - Jl IN.)I ICFI CBET (/.ST 7//J ISUSh* C * ICE- I I HNI BECWNI Sn LBiT I/.ST 4//>
t BIIShIU -VISl I WiSSlVI I SUM . »E|SPU . FONSI ICBT ,SI I I-M TI T FL EM It I MW MfcOStC M  I »ECNl ET \ >/ ( B SNC|P| WSUlT * f EtFVI SLIET (HtL) CUEMUfU* J SIBOfcLlT ElBilINf Ft- ti.fc
CFM WMIRJ I EFEUFl kEVT EOlNl BFT
BU - IBU C-. (Tl - «4 IN.)I Tl, HI LBET (ST)ZlJ « EtlNtI B I IM- J I ICF""I SI I -ESSIVt I SI ICMlT HIW L , IBIfMfSll CMTlT BlfSTtC I * Fk SSNPSir1Nk ti«L-‘fcTS CB I
-ODMElFlf ' FFfHVt SCIM (MCI) COM IFUOUS I SIBONGlt EMfllNII EU WIIMJ I EgEUt I WEVT EOUNUiet
!OU - ?0U I". I X  - Tl Ifc.JITfcMI fc B A T («.SV T//) CBtJShtc I SEECT ICf-LEUSHrn NOlSF I -ESCIVl I SPf I , VFfc

FEFI EVI SCFFl CHCUNfINPl ESIIC i -001 FElFlT F EH- • .6 I EH F T B) I NPl BIECHIC PPUNI CPEMEuruS

-.1- IF--IWI SFOIlS FfiE C Cl SI0 IF, PlFIIKf EFfiWfOt O IF tVTS. EUfc IZ1 ISIfc SOIl I 
• -F -Zl1O L ET EO CF. EKCIS "I -Itffl BI IHf IOF M Ihl Cl. FFOFIlf IS FOISl HIlUW BC- CF. Eli IHElUfF e.k MOF IfONS f*' TPFlMt -E Tl • I El .
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Table 4 9 .  Laboratory analysis o f  Chinook undisturbed soil 
(Site No. I).

S O I L  C L A S S I F I C A T I O N - A P I O I C  H A O L O B O P O L L
C C A P S E - L O A M Y , M I X = D  

S E t I F S - - - - - - - - - - - - - - C H I N O O K

S O I L  N O  - - - - - - - - - - - -  S T 6 M T - 0 6 7 - 1  C O U N T Y  - - ---  P O S E M J D

G E N E R A L  M E  T H O C  S - - - - - I A ,  I B l B ,  2 A 1 .  2 B  S A M P L E  N O S .  7  6 P 0 5  3 4 - 7 6 P C 5  3 7

J .  S .  D E P A R T M E N T  O F  A G R  I C U L T U = E  
S O I L  C O N S u k V A T I O N  S E F V I C c , M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O F A T O P Y  
L I N C O L N ,  N T  B R A S K A

d e p t h

C M

H O R I Z O N  I

S A N D
2 -
. 0 5

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

F I N c I 
C L A Y  
L T

. 0 0 0 2

I - - - - - - - - - S A N O  -
V C O S  C O P S  M F D S  
2 -  I -  . 5 -
1 . 5  . 2 9

A N A L Y S I S ,  L T  
- -  —  —  —  I ( 
F N E S  V F N S  
. 2 5 -  . 1 0 -
. 1 0  . 0 5
L T  2 M M - - - - -

2 M M ,  3 A I ,
- - - - - S l L T -
C O S I  F N S I  
. 0 5  . 0 2
. 0 2  . 0 0 2

3 A l  A,
- - - - -  I
V F S I
. 0 0 5 -
. 0 0 2

3 A  I B  - 
F A M L
T F X T  
S A N D  
2 - . I

I N T P  
! I 

. 2 -  

. 0 2

F I N F  
C L A Y  
T O

C L A Y
P C T

-  -  I P A T l O  
N O N -  8 0 1  
C O i -  1 5 -  
C L A Y  B A F  

T O
P C T  C L A Y

Al 6 6 . 8 2 3 . 1 1 0 . 1 . 3  . 5 3 . 4 4 3 . 6 1 9 . 0 1 4 . 2 8 . 9 4 7 . 8 1 0 . 6 2
0 1 0 - 0 5 0 8 2 6 7 . 4 2 0 . 7 1 1 . 9 . 3  . 8 3 . 9 4 5 . 8 1 6 . 6 6 . 7 1 2 . 0 5 0 . 8 12 . 4 5

B O C A 6 8 . 6 1 8 . 6 1 2 . 6 . 8  . 7 3 . 5 4 5 . 5 1 8 . 3 1 1 . 7 6 . 9 5 0 . 5 1 3 . 4 3
1 0 0 - 2 0 0 2  A l  B 5 5 . 9 2 6 . 2 1 7 . 9 . 1  . 6 3 . 5 3 7 . 2 1 4 . 5 1 4 . 0 1 2 . 2 4 1 . 4 1 8 . 5 1

D E P T H  I P A P T  I C L  S  S I Z E  A N A L Y S I S , M M , 3 B ,  3 8 1 , , 3 8 2 1  I B U L K  ' ' L N S I T Y  M -  —  - -  W A T  L u C O N T = N T - -  -  -I C A R B O N A T E I -  - P H -  - I
V O l  . I 4 A 1 H 4 0 1 4 8 1  C 4  B l C 4 B 2 4 C 1 b i l B 3  Al A S C  I A S C  IE
G T G T 7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2  1 / 3 - O V E N  C O l E 1 / 1 0 1 / 3 - 1 5 - W R Q L T L T l / l 1 / 2
2 7 5 . 0 7 4 P C T  B A R D R Y B A P B A F B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T I- - - - - P C T  IL T  7 5 - -  -  I L T 2 0  G / C C G / C C P C T P C T P C T C M D C T P C T

T R 0 O T R I I 1 . 3  A 6 .  3 T p 7 . 7 7 . 4
0 1 0 - 0 5 0 I 0 0 I I ?  1 . 4 1 1 . 4 1  ., 0 0 0 1 0 . 9 5 . 4 . O B 4 T F 8 . 2 7 . 7

2 0 O I 2 2 1 . 4  A 5 . 4 1 2 T F 8 . 5 8 . 0
1 0 0 - 2 0 0 T R O 0 T P T R TP 1 . 3 1 1 . 4 0  ., 0 2 3 1 7 . 0 5 . 1 . 1 1 B T R 9 . 0 8 . 3

D E P T H  ( O R G A N I C  M A T T E R  I I R O N P H O S I -  - E X T P  A C T A B L E  B A S E S  5 B 4 A -  - I A C T Y AL ( C A T F X C H I F A T I J R A T I O C A ( B A S E S A T  )
6 B 1 A C / N 6 C 2 B 6 N 2 E 6 0 2 0  6 P 2 R 6 0 2  8 6  H I A 6 G 1 E 5 A 3 A 5 A 6 A 8 0  1 8 9 3 5 F 1 5 C 3 S C  I
N I T G E X T T O T L C A M G  N A K S U M B A C L K U F X T  B N H A C N H A C C A S A T E X T B N H A C

F E E X T B  • T E A E X T A C T Y T O T D N H A C A C T Y
C M P C T P C T P C T P C T ( - - - - - - / 1 0 0 G -  - I C L A Y M G P C T P C T P C T

0 0 0 - 0 1 0 1 . 9 3 . 1 5 9 1 2 T R  T R . 5 . 0 9 . 8 . 9 7
0 1 0 - 0 5 0 . 8 5 . 0 8 1 I O 4 . 0  . 0 . 4 7 . 9 . 6 6

0 5 0 - 1 0 0 . 5 8 . 0 5 0 1 2 5 . 3  T P . 4 4 . 5 . 3 6

1 0 0 - 2 0 0 1 . 0 6 . 0 3 9 2 7 2 4 . 7  . I . 4 6 . 0 . 3 4

D E P T H ( S A T U R A T E D P A S T E  I N A
8 E I B C l B 8 A 5  0 2
R F S T  P H  
O H M -

M 2 0 E S P

C M C M P C T P C T

0 0 0 - 0 1 0 7 . 2 4 2 . 7
0 1 0 - 0 5 0
0 5 0 - 1 0 0 7 8 0 0 8 . 2 2 8 . 7
1 0 0 - 2 0 0 5 0 0 0 8 . 8 3 4 . 3

N A S A L T G Y P ( - - - - -
S E 8 D 5 6 F  IA 8 A I A 6 N 1 B

S A P T O T L F C C A
S O L U M M H O  S /
P P M P C T C M  II -  -

4 1 0 1 . 2 4 8 . 6
. 2 0 8

8 0 . 4 0 1 . 6
I 1 5 0 . 6 3 . 3

-  -  -  S A T t J P A T I O N  E X T R A C T  8 A 1 -  -  -  ■ 
6 0 1 8  6 P 1 B  6 0 1 B  6 ! I A  b J I A  6 K 1 C
M G  N A  K  C 0 3  H C O  3  C L

- - - - - - - - - - - -  M f O  /  L I T E R  - - - - - - - - - -

5 . 9  . I  . 6  . 0  1 2 . 2  . 3

2 . 0  . 1 . 5  . 0  3 . 5  . I
4 . 5  1 . 7  . 5  . 0  4 . 7  . I

- - - - - - - - - -  ) A T T t P B E P G
6 L 1 C  6 M 1 C  4  F I 4 F 2
S 0 4  M O 3  L O I O  P L S T

L M I T  I N O X  
• - - - - - - - - - - I P C T

. 9  . 4

. 4  . 0
1. 1 . 2  2 6  7  C

( A )  E S T I M A T E
( B I  1 : 2  S O I L  W A T i P  R A T I O .
( C l  B Y  S O I L  M E C H A N I C S  L A B O R A T O R Y ,  U S O A ,  L I N C O L N ,  1IE
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Laboratory analysis of Yamac undisturbed soil (Site No. 2)

S O I L  C L  A S S  I F I C A T  I O N - B O R O L L I C  C A N B O R T H I D
F I N E - L O A M Y ,  M I X E D  

S E R I E S - - - - - - - - - - - - - - Y A M A C

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 2  C O U N T Y  -----  R O S E B U D

U .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - 1 A, 1 6 1 B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5 3 B - 7 6 P 0 5 4 9

D E P T H  H O R I Z O N  I

C M

0 0 0 - 0 0 1 A l l
0 0 1 - 0 0 2 A 1 2
0 0 2 - 0 0 5 A  1 3
0 0 5 - 0 1 0 A l A
0 1 0 - 0 2 2 A l  5
0 2 2 - 0 3 B B 2  I
0 3 8 - 0 5 0 8 2 2
0 5 0 - 0 6 0 8 2 3
0 6 0 - 0 7 5 B 3 C A
0 7 5 - 1 0 0 C l C A
I O O - I A S C 2
0 0 0 - 0 0 5 K

S A N O
2 -
. 0 5

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

4 8 . 7 3 6 . 4 1 4 . 9
4 8 . 9 3 9 . 1 1 2 . 1
4 9 . O 3 7 . 9 1 3 .  I
4 9 . 1 3 7 . 6 1 3 . 3
4 6 . 9 3 3 . 8 1 9 . 3
4 8 . 7 3 1 . 0 2 0 . 3
4 9 . 3 3 0 . 9 1 9 . 8
4 7 . 1 3 3 . 2 1 9 . 7
3 8 . 1 3 5 . 3 2 6 . 6
4 2 . 3 3 4 . 9 2 2 . 8
4 6 . 3 3 4 . 7 1 9 . 0

D E P T H ( P A R T I C L E S I Z E  A N A L Y S I S ,  M M ,  3 6
V O L . I -  - - - - - - - - - -  W E I G H T  -  -
G T G T 7 5 - 2 0  2 0 - 5  5 - 2
2 7 5

C M P C T P C T (- - - - - P C T  L T  7 5  -

A N A L Y S I S , L T  2 M M 3 A I  , 3 A l  A , 3 A I B - ! R A T I O
F I N E -  - S A N D  - - S I L T - - - - - - ) F A M L I N T R F I N E N O N - 8 D 1
C L A Y V C O S C O R S M E D S F N E S V F N S C O S I F N S I V F S I T E X T I I C L A Y C  0 3 - 1 5 -
L T 2 - I - . 5 - . 2 5 - . 1 0 - . 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R

. 0 0 0 2 I . 5 . 2 5 . 1 0 . 0 5 . 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O
L T  Z M P — - - - - - ) P C T P C T C L A Y

. 2 2 . 5 2 . 5 2 2 . 4 2 1 . 1 2 4 . 3 1 2 .  I 2 7 . 6 1 5 . 8 6

. 4 . 5 1 . 6 2 3 .  I 2 3 .  3 2 5 . 5 1 3 . 6 2 5 . 6 1 2 . 6 8

. 2 . 4 1 . 3 2 2 . 2 2 4 . 9 2 5 . 4 1 2 . 5 2 4 . 1 1 3 . 4 4

.1 . 4 I .4 2 3 . 3 2 3 . 9 2 4 . 4 1 3 . 2 2 5 . 2 1 3 . 4 3

. 1 . 2 1 . 1 2 2 . 3 2 3 .  2 2 3 . 5 1 0 .  3 2 3 . 7 1 9 . 3 8
T R . 2 1 . 1 2 3 . 8 2 3 . 6 2 1 . 1 9 . 9 2 5 . 1 2 0 . 4 1
.1 .1 .9 2 2 . 5 2 5 . 7 2 0 . 9 1 0 . 0 2 3 . 6 2 0 . 4 0
. 1 - I . 8 1 9 . 4 2 6 .  7 2 2 . 9 1 0 . 3 2 0 . 4 2 0 . 4 1
T R . 1 . 6 1 2 . 8 2 4 . 6 2 4 . 3 1 1 . 0 1 3 . 5 2 0 . 3 5
I R . 1 . 3 I 1 . 5 3 0 . 4 2 2 . 0 1 2 . 9 1 1 . 9 1 7 . 3 6
. 0 . 1 . 3 1 3 . 3 3 2 . 6 2 1 . 9 1 2 . 8 1 3 . 7 1 9 . 3 8

. 3 B 1 , 3 6 2  H B U L K  D E N S I T Y  ) I - - - - - - W A T E R C O N T E N T -  - - -  - I C A R B O N A T E ( -  - P H -  - I
- -  - I A A l D A A l H 4 0 1  A B I C A B I C 4 B 2 A C l 6 E 1 B 3  A l  A 8 C 1  A B C l E

L T 2 0 - 2 1 / 3 - O V E N C O L E  I /  1 0 1 / 3 - 1 5 - W P O L T L T 1 / 1 1 / 2
. 0 7 4 P C T B A R D R Y B A R B A R B A R C M / 2 . 0 0 2 H 2 0 C A C L
-  -  I L T  2 0 G / C C G / C C P C T P C T P C T C M P C T P C T

0 0 0 - 0 0 1 T R O O T R T R T R 1 . 1  B 1 2 . 8 7 . 0
0 0 1 - 0 0 2 T R O O T R T R TR 1 . 1  B 8 . 1 6 . 5
0 0 2 - 0 0 5 T R O O T R T R T R 1 . 1  B 5 . 8 6 . 3
0 0 5 - 0 1 0 T R O O T R T R T R 1 . 2  B 5 .  7 6 . 2
0 1 0 - 0 2 2 T R O O O T R TR 1 . 4 3 1 . 4 8 . 0 0 3 1 4 . 7 7 . 4 . 1 0 6 . 4
0 2 2 - 0 3 8 T R O O T R T R TP 1 . 5 9 I .6 7 . 0 1 2 1 6 . 8 8 . 4 . 13 6 . 6
0 3 8 - 0 5 0 O O O O O O 7 . 9 T R 6 . 9
0 5 0 - 0 6 0 O O O O O O 8 . 1 3 8 . 0
0 6 0 - 0 7 5 O O O O O O 1 . 6 2 1 . 7 7 . 0 2 8 1 4 . 2 9 . 3 . 0 8 1 8 7 8 . 4
0 7 5 - 1 0 0 O O O O O O 8 . 2 2 1 6 8 . 6
1 0 0 - 1 4 5 O O O O O O 1 . 4 8 1 . 6 1 . 0 2 8 1 9 . 4 7 . 2 . 1 8 1 5 8 . 7
0 0 0 - 0 0 5 1 . 1 0 1 . 2 3 . 0 4 0 2 1 . 3

6 . 3
5 . 9
5 . 6
5 . 6
5 . 9
6. I
6 . 3
7 . 5
7 . 9  
8.1 
8.1

D E P T H  ( O R G A N I C  
6 A 1 A  
O R G N  
C A R B

C M  P C T

M A T T E R  I 
6 B 1 A  C / N
N I T G

P C T

I R O N
6 C 2 B
E X T
F E
P C T

P H O S  

T O T L  

P C T  I

( -  - E X T R A C T A B L E  B A S E S  5 B 4 A -  - )  
6 N 2 E  6 0 2 0  6 P 2 B  6 0 2 6  
C A  M G  N A  K  S U M

E X T B
I ------------------------------------------------M E O  /  1 0 0

A C T Y
6 H 1 A
B A C L
T E A
G - - -

A L
6 G I F
K C L
E X T

( C A T
5 A 3 A
E X T B
A C T Y

F X C H I
5 A 6 A
N H A C

-  -  I

R A T I O
8 0 1
N H A C
T O

I C L A Y

R A T I O
8 D 3
C A
T O
M G

C A
5 F 1

S A T
N H A C
P C T

( B A S E
5 C 3
E X T B
A C T Y
P C T

S A T )
5 C 1
N H A C

P C T

0 0 0 - 0 0 1 3 . 4 7 . 3 7 6 9 1 3 . 7 4 . 4 T R 1 . 4 1 9 . 5 5 . 0 2 4 . 5 1 8 . 2 1 . 2 2 3 . 1 7 5 8 0 1 0 7
0 0 1 - 0 0 2 2 . 3 2 . 2 0 7 11 8 . 2 2 . 9 . 0 1 . 0 1 2 . 1 4 . 3 1 6 . 4 1 3 . 5 1 . 1 2 2 . 8 6 1 7 4 9 0
0 0 2 - 0 0 5 1 . 3 0 . 1 1 6 1 1 5 . 8 2 . 2 . 0 . 7 8 . 7 3 . 4 1 2 . 1 1 0 . 5 . 8 0 2 . 6 5 5 7 2 8 3
0 0 5 - 0 1 0 1 . 1 4 . 1 0 6 11 6 . 7 2 . 1 . 0 . 7 9 . 5 3 . 2 1 2 . 7 1 1 . 0 . 8 3 3 . 2 6 1 7 5 8 6
0 1 0 - 0 2 2 . 8 8 . 0 8 9 1 0 8 . 2 3 . 2 . 0 . 8 1 2 . 2 2 . 9 1 5 . 1 1 4 . 0 . 7 3 2 . 6 5 9 8 1 8 7
0 2 2 - 0 3 8 . 6 6 . 0 7 1 9 8. I 4 . 4 . 0 . 5 1 3 . 0 2 . 6 1 5 . 6 1 5 . 4 . 7 6 1 . 8 5 3 8 3 8 4
0 3 8 - 0 5 0 . 5 6 . 0 6 3 9 8 . 1 5 . 3 . 0 . 0 1 3 . 4 1 . 9 1 5 . 3 1 4 . 7 . 7 4 1 . 5 5 5 8 8 9 1
0 5 0 - 0 6 0 . 5 8 . 0 7 0 8 8 . 5 . 0 . 4 1 3 . 9 . 7 1
0 6 0 - 0 7 5 . 4 0 . 0 4 6 9 8 . 9 . 0 . 4 1 1 . 0 . 4 1
0 7 5 - 1 0 0 . 2 5 . 0 2 9 9 1 3 . 8 . 0 . 3 1 0 . 1 . 4 4
1 0 0 - 1 4 5 . 2 2 . 0 2 2 1 0 1 7 . 1 . I . 3 1 0 . 6 . 5 6
0 0 0 - 0 0 5

D E P T H ( S A T U R A T E D P A S T E ! N A N A S A L T G Y P ( - - - - -
B E  I S C  IB 8 A 5 0 2 5 E 8 0 5 6 F  I A 8 A 1 A 6 N 1 B
R E S T  P H H 2 0 E S P S A R T O T L E C C A
O H M - S O L U M M H O S /

C M C M P C T P C T P P M P C T C M  II - -

- - - - -  S A T U R A T I O N  E X T R A C T  8 A 1 - - - - - - - - - -  - - - - - - -  I A T T E R B E R G
6 0 I B  6 P 1 B  6 0 1 B  6 1 1 A  6 J 1 A  6 K 1 C  6 L 1 C  6 M 1 C  A F I 4 F 2  
M G  N A  K  C 0 3  H C 0 3  C L  S O A  N O 3  L Q I O  P L S T

L M I T  I N D X
- - - - - - - - - - - - M E O  / L I T E R - - - - - - - - - - - - - - - - - - - - - - - - ) P C T

0 0 0 -  O O l  6 . A  7 5 . 0
001-  002 
0 0 2 - 0 0 5  
0 0 5 - 0 1 0  
010-022 
0 2 2 - 0 3 8  
0 3 8 - 0 5 0  
0 5 0 - 0 6 0  
0 6 0 - 0 7 5
0 7 5 - 1 0 0  3 9 0 0  8 . A
1 0 0 - 1  A S  3 7 0 0  8 . 3  3 9 . 2
0 0 0 - 0 0 5

1 0 0 0

100

1 . 7 1  
. I O C  
. I O C  
. I O C  
. I O C  
. I O C  
. I O C  
. Z O C  
• 2 0 C  
■ 2  O C  
. 3 6

1 1 . 5

.6

7 . 3

2.1

. 1  2 . 3

1.0 .1

O  1 6 . 8

O  2 . 5

5

I

8 .0

2 8  9  D

5  . 1  2 8  9  D

( A l  C L O O  O F  A l l ,  A l Z ,  A N D  A 1 3  F Q P  B U L K  D E N S I T Y  A N D  M O I S T U R E  R E T E N T I O N .  
( B I  E S T I M A T E .
( C l  1 : 2  S O I L  W A T E R  R A T I O .
( 0 1  B Y  S O I L  M E C H A N I C S  L A B O R A T O R Y .  U S O A ,  L I N C O L N ,  N E .
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Table 51 Laboratory analysis of Kobar undisturbed soil (Site No. 4)

S O I L  C L A S S I F I C A T  I O N - A P I O I C  A P G I B O P O L L
F I N E *  H O N T M O R I L  L O N I t I C  

S E R I E S - - - - - - - - - - - - - - E T H R I D G E

S O I L  N O - - - - - - - - - - - S 7 6 M T - 0 8 7 - 4  C O U N T Y --- - -  R O S E B U D

J .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - 1 A, I B l B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5 5 8 - 7 6 P 0 5 6 7

D E P T H  H O R I Z O N  I- - - - - - - - - - - - - - - - - - - - - - - - - - - - --  P A R T  I C L F  S I Z E
F  I N F  C - - - - - - - - - S A N D  -

S A N D  S I L T  C L A Y  C L A Y  V C O S  C O R S  M E C S
2 -  . 0 5 -  I T  L T  2 -  I -  . 5 -
. 0 5  . 0 0 2  . 0 0 2  . 0 0 0 2  I . 5  . 2 5

C M  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P C T

A N A L Y S I S ,  L T  2 M M , B A  1 , 3 A 1 A ,  B A I B  -  - - - - - - - - - - - - - - - - - ! R A T I O
-  - - - - - - - I < ---- - S I L T - - - - - - - - 1 F A M L  I N T R  F I N E  N O N -  8 D 1
F N F S  V F N S  C O S I  F N S I  V F S I  T F X T  I I C L A Y  C 0 3 -  1 5 -
. 2 5 -  . 1 0 -  . 0 5  . 0 2  . 0 0 5 -  S A N D  . 2 -  T O  C L A Y  B A R
. 1 0  . 0 5  . 0 2  . 0 0 2  . 0 0 2  2 - . I . 0 2  C L A Y  T O
L T  2 M M - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - I  P C T  P C T  C L A Y

0 0 0 - 0 0 1 A l l 2 8 . 9 4 8 . 2 2 2 . 9 . 5 . 3 I . 0 1 2 . 2 1 4 . 9 2 3 . 8 2 4 . 4 1 4 . 0 . 4 0
0 0 1 - 0 0 2 A I 2 2 7 . 6 4 6 . 1 2 6 . 3 . 1 . 3 . 9 1 2 . 0 1 4 .  3 2 2 . 5 2 3 . 6 1 3 . 3 . 4 5
0 0 2 - 0 0 5 A l B 2 4 . 8 4 1 . 7 3 3 . 5 . 3 . 4 . 8 1 0 . 8 1 2 . 5 2 0 . 5 2 1 . 2 1 2 . 3 . 2 5
0 0 5 - 0 1 0 A U 2 2 . 1 3 9 . 6 3 8 . 3 . 1 . 2 . 5 9 . 1 1 2 . 2 1 9 . 3 2 0 . 3 9 . 9 . 2 5
0 1 0 - 0  1 9 B 2 1 T 1 8 . 3 4 2 . 7 3 9 . 0 . I . I . 3 6 . 5 1 1 .  3 2 0 . 4 2 2 . 3 7 . 0 . 2 6
0 1 9 - 0  BI B 2 2 T 2 0 . 7 4 6 . 7 3 2 . 6 . I . 2 . 6 7 . 6 1 2 . 2 2 1 . 9 2 4 . 8 8 . 5 . 3 8
0 3 1 - 0 5 0 8 2  3 2 1 . 2 4 7 . 4 3 1 . 4 . 1 . 3 . 6 8 . 1 1 2 . 1 2 0 .  I 2 7 . 3 9 . 1 . 3 3
0 5 0 - 1 0 0 8 3 2 6 . 5 4 7 . 0 2 4 . 5 . I . I . 7 I 1 . 8 1 5 . 8 2 0 . 3 2 6 .  7 1 2 . 7 . 3 8
1 0 0 - 1 5 2
0 0 0 - 0 0 5

C l
I Al

5 7 . 9 2 7 . 8 1 4 . 3 . 4 . 4 1 . 6 3 2 . 2 2 3 . 3 1 4 . 5 1 3 . 3 3 4 . 6 . 3 8

D E P T H  I

C M

[ P A R T I C L E  S I Z E
V O L .  I - - - - - - -
G T  G T  7?
2  7 5
P C T  P C T  C-

A N A L Y S I S ,  M M ,  3 B ,  B B l
- - - - - W E I G H T  -  -  -  -  -
i - 2 0  2 0 - 5  5 - 2  L T

. 0 7 4
-  -  P C T  L T  7 5  -  -  -  I

, 1 6 2 H  B U L K  D E N S I T Y  
- -  - I  4 A 1 D  4 A I H  4 D 1  
2 0 - 2  1 / 3 -  O V E N  C O l F
P C T  B A R  D R Y
L T 2 0  G / C C  G / C C

I ( - - - - -
4 B 1 C
1 / 1 0
B A P
P C T

- W A T c P C O N T E N T -  - - 
4 6 1 C  4 B 2  4 C 1
1 / 3 -  1 5 -  W P D
B A R  B A P  C M /
P C T  P C T  C M

- I  C A R B O N A T E  
61 1 8  3 A 1 A  
I T  L T
2  . 0 0 2
P C T  P C T

I -  - P H  
B C l A
l / l
H 2 0

-  - 1 
B C l E  
1 / 2  
C A C L

O O O - O O l T P O O T R T P T R 1 . 4  B 9 .  I TP 6 . 9 6 . 7
0 0 1 - 0 0 2 . T R O O T R T R TR 1 . 4  8 1 1 . 8 7 . 0 6 . 4
0 0 2 - 0 0 5 T R O O T R T R T P 1 . 5  B 8 .  3 T B 6 . 8 6 . 4
0 0 5 - 0  1 0 T R 0 O T R T P TF 1 . 5 5 1 . 6 8 . 0 2 6 1 8 . 8 9 . 6 . 1 5 T P 6 . 9 6 . 3
0 1 0 - 0 1 9 T R O O T P T P TP 1 . 4 9 1 . 6 7 . 0 4 0 2 0 . 5 1 0 . 3 . 16 T P 6 . 8 6 . 2
0 1 9 - 0 3 1 O O O O O O 1 2 .  3 T B 7 . 6 7 . 1
0 3 1 - 0 5 0 O O O O O O 1 0 . 3 1 6 8 . 3 7 . 8
0 5 0 - 1 0 0 O O O O O O 1 . 5 4 I . 6 1 . 0 1 5 1 8 . 4 9 . 2 . 14 1 5 8 . 8 8 . 2
1 0 0 - 1 5 2 T P O O T R T R T P 1 . 4 5 1 . 5 0 . 0 1 2 1 5 . 0 5 . 4 . 14 1 3 8 . 9 8 . 2
0 0 0 - 0 0 5 1 . 4 1 1 . 5 2 . 0 2 5 2 1 . 0

D E P T H  ( O R G A N I C M A T T E R I I R O N P H O S ( -  - E X T R A C T A B L E  B A S E S  5 B 4 A - - - | A C T Y A L ( C A T F X C H ) R A T  in R A T I O C A I B A S E S A T l
6 A 1  A 6  B I  A C / N 6 C 2 B 6 N 2 E 6 0 2 0 6 P 2 B 6 0 2 8 6 H  I A 6 G 1 F 5 A 3  A 5 A 6 6 8 0  I 8 D 3 5 F 1 5 C 3 S C  I
O P G N N I T G E X T T O T L C A M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H A C
C A D B F E E X T B T E A E X T A C T Y T D T O N H A C A C T Y

C M P C T P C T P C T P C T  ( -  - M E O / 1 0 0 G -  - I C L A Y M G P C T P C T P C T

0 0 0 - 0 0 1 2 . 9 9 . 2 3 5 1 3 9 . 8 5 . 1 T R I . 6 1 6 . 5 2 . 4 1 8 . 9 1 4 . 3 . 6 2 1 . 9 6 9 8 7 1 1 5
0 0 1 - 0 0 2 1 . 6 2 . 1 4 0 1 2 8 . 5 4 .  7 . 0 1 . 1 1 4 . 3 2 . 3 1 6 . 6 1 4 . 1 . 5 7 I . 8 6 0 8 6 1 0 1
0 0 2 - 0 0 5 1 . 3 8 . 1 2 1 11 8 . 9 5 . 0 . 0 1 . 1 1 5 . 0 3 . 3 1 8 . 3 1 4 . 8 . 4 4 1 . 8 6 0 8 2 1 0 1
0 0 5 - 0 1 0 I . O l . 0 9 8 1 0 9 . 3 5 . 0 . 0 1 . 1 1 5 . 4 2 . 3 1 7 .  7 1 6 . 2 . 4 2 1 . 9 5 7 8 7 9 5
0 1 0 - 0 1 9 . 7 5 . 0 7 7 1 0 1 0 .  I 6 . 0 . 0 . 7 1 6 .  8 2 . 5 1 9 . 3 1 7 . 9 . 4 6 1 . 7 5 6 8 7 9 4
0 1 9 - 0 3 1 . 7 9 . 0 8 5 9 8 . 7 T R . 6 1 9 . 3 . 5 9
0 3 1 - 0 5 0 . 6 2 . 0 6 4 1 0 9 . 2 T R . 4 1 1 . 7 . 3 7
0 5 0 - 1 0 0 . 2 9 . 0 2 7 11 2 2 . 9 . 3 . 4 1 0 . 1 . 4 1
1 0 0 - 1  5 2  
0 0 0 - 0 0 5

. 1 4 . 0 1 8 8 1 0 . 9 1 . 0 . 2 6 . 2 . 4 3

O E P T H ( S A T U R A T E D P A S T E ! N A N A S A L T G Y P ( - - - - - S A  T U P A  TI O N E X T R A C T  B A l - - - - I A T T  E R B E R G
8 F  I R C  1 8 B A 5 0 2 5 F 8 0 5 6 F  I A 8 Al A 6 N I  B 6 0  I B 6 P I B 6 0  I B 6 1  I A 6 J I A 6 K 1 C 6 L 1 C 6 M 1 C 4 F I 4 F 2
R E S T P H H 2 0 F S P S A O T O T L E C C A M G N A C 0 3  H C 0 3 C l S 0 4 N O  3 L O I D  P L S T
O H M - S O L U M M H O S / L M I T  I N D X

C M C M P f T P C T P P M P C I C M  II -  ~ Z /  L I T E R  -  - I P C T

O O O - O O l 6 . 6 4 9 . 6 8 9 0 2 . 2 3 1 2 . 9 1 1 . 9 . 2 2 . 9 . 0  2 1 . 7 1 . 1 1 . 4 . 0
001-002 
0 0 2 - 0 0 5  
0 0 5 - 0 1 0  
0 1 0 - 0 1 9  
0 1 9 - 0 3 1  
0 3 1 - 0 5 0  
0 5 0 - 1 0 0  3 * 0 0
1 0 0 - 1 5 2  
0 0 0 - 0 0 5

8 . *  3 7 . 3
1 5 0 0  8 . 5  3 1 . 8

1 3 0
5 6 0

• 2 0 C  
. I O C  
. I O C  
. I O C  
■ 2 0 C
• 2 0 C  
. 4 8

2 . 4 5
2.8

1 0 .2
2.1

1 6 . 0
.1
.2

.0

.0
3 . 7
1 . 9

.2

.0

I A) C L O O  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F O R  B U L K  D c N S  I T Y  A N D  M O I S T U P  R E T E N T I O N .  
I B )  E S T I M A T E
( C l  1 X 2  S O I L  W A T E R  R A T I O .
1 0 1  B Y  S O I L  M E C H A N I C S  L A B O R A T O R Y ,  U S D A ,  L I N C O L N ,  N E .
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Table 52. Laboratory analysis of Busby undisturbed soil (Site No. 6)

S O I L  C L A S S  I F  TC A T I O N -

S F N I E S - - - - - - - - - - - - - - S E R I E S  N O T  D E S I G N A T E D

S O I L  N O  - - - - - - - - - - - -  S 7 6 N T - 0 8 7 - 6  C O U N T Y  - - - - -  R O S E B U D

G E N E R A L  M E T H O D S - - - - - I A ,  I B l B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5 7 8 - 7 6 P 0 5 8 7

J .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N  <

C M

S A N O
2 -
. 0 5

I - - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

0 0 0 - 0 0 1 A l  I 7 6 . 4 1 5 . 0 8 . 6
0 0 1 - 0 0 2 A  I 2 7 6 . 9 1 4 .  7 8 . 4
0 0 2 - 0 0 5 A l  3 7 7 . 8 1 4 . 1 8 .  I
0 0 5 - 0 1 0 A I 4 7 3 . 7 1 7 . 0 9 . 3
0 1 0 - 0 2 5 8 2  I 7 5 . 1 1 5 . 1 9 . 8
0 2 5 - 0 3 5 B 2 2 7 7 . 9 1 2 . 9 9 . 2
0 3 5 - 0 5 0 C l 7 6 . 7 1 5 . 7 7 . 6
0 5 0 - 1 0 0 C  2 8 5 . 0 1 0 . 5 4 . 5
1 0 0 - 1 7 6 C 3 8 6 . 3 9 . 0 4 . 7
—  — — —  — A B 7 3 . 4 1 5 . 6 1 1 . 0

D E P T H  I P A R T I C L E  S I Z E  A N A L Y S I S ,  M M ,
V O L .  ( - - - - - - - - - - - - - - W E I G H T  -
G T  G T  7 5 - 2 0  2 0 - 5  5 - 2
2  7 5

C M  P C T  P C T  (- - - - - P C T  I T  7 5  ■

0 0 0 - 0 0 1 3 O O 2 3
0 0 1 - 0 0 2 3 O O 2 2
0 0 2 - 0 0 5 I O O I I
0 0 5 - 0  1 0 I R O O T R I
0 1 0 - 0 2 5 I O O I I
0 2 5 - 0 3 5 2 O O 2 2
0 3 5 - 0 5 0 I O O I T P
0 5 0 - 1  0 0 O O O O O
1 0 0 - 1 7 6 T R O O O T P

I O O I I

D E P T H  ( O R G A N I C M A T T E R ) I R O N P H O S
6 A 1  A 6  BI A C / M 6 C 2 B
O R G N N I T G E X T T O T L
C A P B F E

C M P C T P C T P C T P C T

O O O - O O l 1 . 0 8 . 0 9 5 1 1
0 0 1 - 0 0 2 . 6 8 . 0 6 8 1 0
0 0 2 - 0 0 5 . 9 0 . 0 7 1 1 3
0 0 5 - 0 1 0 . 9 1 . 0 8 6 11
0 1 0 - 0 2 5 . 8 5 . 0 8 1 1 0
0 2 5 - 0 3 5 . 5 5 . 0 5 8 9
0 3 5 - 0 5 0 . 4 0 . 0 4 1 1 0
0 5 0 - 1 0 0 . 1 0 . 0 1 6 6
1 0 0 - 1 7 6 . 0 4 . 0 0 3 1 3

F I N F  I 
C L A Y  V C O S  
L T  2 -  .0002 I

P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,  B A I , 3 A I A ,  B A l B

L T
. 0 7 4

.8

.6

. 3

. 4

. 3

. 4

.1

.2

.0

.2

20-2
P C T

S A N D  - —  —  — -  -  I ( S I L T - -  -  -  I F A M L I N T F F I N E N O N - 8 0 1
C O R S M F D S F N E S V F N S C O S l F N S I V F S l T E X T I I C L A Y C 0 3 - 1 5 -
I - . 5 . 2 5 - . 1 0 - . 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R
. 5 . 2 5 . 1 0 . 0 5 . 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O

L T  2 M P I - - - - - P C T P C T C L A Y

1 . 0 1 . 6 4  3 . 2 2 9 .  8 7 . 2 7 . 8 4 6 . 6 9 . 6 2
. 7 1 . 4 4 2 . 4 3 1 . 8 6 . 6 8 .  I 4 5 . 1 8 . 4 9
. 7 1 . 4 4 7 . 0 2 8 . 4 6 . 4 7 . 7 4 9 . 4 8 . 4 9
. 7 1 . 3 4 1 .  I 3 0 .  2 8 . 1 8 . 9 4 3 . 5 9 . 4 6
. 3 . 8 3 9 . 0 3 4 . 7 7 . 7 7 . 4 4 0 . 4 1 0 . 4 4
. 4 . 5 4 3 . 2 3 3 . 4 5 . 8 7 . 1 4 4 . 5 9 . 4 5
. I . 4 4  0 . 9 3 5 . 2 7 . 5 8. 2 4 1 . 5 8 . 4 6
. I . 3 5  0 . 9 3 3 .  5 4 . 6 5 . 9 5 1 . 5 5 . 5 1
. I . 9 5 3 . 7 3 1 . 6 3 . 3 5 . 7 5 4 . 7 5 . 4 5
. 4 5 . 4 5  5 . 6 1 1 . 8 8 . 2 7 . 4 6 1 . 6 11 . 3 8

I B U L K  D E N S I r Y  M -  -  - - W A T E R  C O N T E N T - - - - - - ) C A R B O N A T E ( -  - R H I -  - )
4 A  I D 4  A I H 4 0 1 4 8 1  C 4  B I C 4 8 2 4 C  I 6 E I B 3 A 1 A B C l A S C  IE
1 / 3 - O V E N C O l c 1 / 1 0 1 / 3 - 1 5 - WF D L T L T 1 / 1 1 / 2
B A R D P Y B A P B A F B A F C M / 2 . 0 0 2 H 2 0 C A C L
G / C C G / C C P C I P C T P C T C M P C T P C T

5 1 . 3  A 5 . 3
4 1 . 4  A 4 . 1
2 1 . 3 8 1 . 4 0 . 0 0 5 1 0 . 6 4 . 0 . 0 9
I 1 . 3 5 1 . 3 7 . 0 0 5 1 6 . 5 4 . 3 . 1 7
2 1 . 3 7 1 . 4 1 . 0 1 0 1 3 . 5 4 . 3 . 1 2
4 1 . 4  A 4 .  I
I 1 . 3 4 I . 4 5 . 0 2 6 1 4 . 9 3 . 5 . 1 5
O 2 . 3

TR 1 . 6 3 1 . 6 3 . 0 0 0 7 . 6 2 .  I . 0 9
2 1 . 5  A 4 . 2

68
72
7  T F

1 2  T P
1 8  T R
1 7  T P
I S  T R
T P  T P

8 . 0  7 . 5
8 . 1  7 . 4
8 . 1  7 . 5
8 . 1  7 . 4
8 . 1  7 . 5
8 . 3  7 . 6
8 . 4  7 . 7
8 . 6  7 . 8
8 . 6  7 . 8
8 . 3  7 . 6

- - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - I  A C T Y  A L
6 N 2 E  6 0 2 0  6 P 2 B  6 Q 2 B  A H l A  6 G 1 E
C A  M G  N A  K  S U M  B A C L  K C L  

E X T B  T E A  F X T  
- - - - - - - - - - - - - - - - - - H F O  / 1 0 0  G - - - - - - - - -

( C A T E X C H ) R A T I O P A T  ( 0 C A ( B A S F S A T )
5 A 3  A 5 A 6 A 8 0 1 8 0 3 5 F 1 5 C 3 5 C  I
F X T R N H A C N H A C C A S A T E X T B N H A C
A C T Y T O T O N H A C A C T Y

I C L A Y M G P C T P C T P C T

2 . 3  T R  . 4
2 . 4  T B  . 4
2 . 6  . 0  . 3
3 . 4  . 0  . 4
3 . 4  . 0  . 4
3 . 0  . 0  . 3
3 . 0  . 0  . 2
3 . 8  . 0  . 3
3 . 8  . 0  .1

7 . 2  . 8 4
6 . 5  . 7 7
6 . 9  . 8 5
8 . 3  . 8 9
7 . 0  . 7 1
5 . 3  . 5 7
4 . 1  . 5 4
3 . 1  . 6 9
3 . 4  . 7 2

D E P T H  ( S A T U R A T E D  P A S T E  ) N A N A S A L T G Y P ( - - - -- S A T U R A T I O N E X T R A C T B A l - -  -  I A T T E P B E P G
8 F I IB C l R 8 A 5  0 2 5 E 8 0 5 6 F  I A 8 A  I A 6 N 1 B 6 0 1 8 6 P 1 B 6 0  I B 6 1  IA 6  J l  A 6 K I C 6 L 1 C 6 M 1 C 4 F 1 4 F 2
R F S T P H H 2 0 E S P S A R T Q T L F C C A M G N A C 0 3 H C 0 3 C L S 0 4 N O  3 L Q I O P L S T

S O L U M M H O S / L M I T I N O X
C M C M P C T P C T P P M P d C M  ( / L I T E R I P C T

0 0 0 - 0 0 1 7 . 3 3 6 . 5 3 1 0 1 . 2 2 1 0 . 9 1 . 8 . 1 . 5 . 0  I 1 0 . 6 . 2 . 6 . 0
0 0 1 - 0 0 2 7 . 7 3 1 . 1 1 3 0 . 5 9 5 . 1 . 9 . 1 . 3 . 0  I 4 . 6 . 2 . 4 . 5
0 0 2 - 0 0 5 . 2 0 8
0 0 5 - 0 1 0 . 2 0 8
0 1 0 - 0 2 5 . 2 0 8
0 2 5 - 0  3 5 . 2 0 8
0 3 5 - 0 5 0 . 2 0 8
0 5  0 - 1  0 0 7 9 0 0 8 . 5 . 2 0 8
1 0 0 - 1 7 6 8 7 0 0 8 . 6 . 2 0 8

< A t  E S T I M A T E
( B )  I s 2  S O I L  W A T F R  R A T I O
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Table 53. Laboratory analysis of Busby undisturbed soil (Site No.

S O I L  C L A S S  I F I C A T I O N - A P I O I C  H A P L O B O P O L l
C O A R S E - L O A M Y ,  M I X E D  

S E R I F S - - - - - - - - - - - - - - C H I N O O K

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 8  C O U N T Y  - - - - - -  R O S E B U D

J .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - 1 A, I B l B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P  0 5 9 7 - 7 6 P 0 6 0 5

D E P T H H O R I Z O N I - - - - - -  -  P A R T I C L E  S I Z E A N A L Y S I S ,  L i ' 2 M M , 3 A I , 3 A l  A, 3 A I B  - -  -  ! R A T I O
F I N E  II -  - S A N D  - - - H -  -  - S I  L T - -  -  - I F A M L I N T P c I N E N D N - 8 0 1

S A N D S I L T C L A Y C L A Y V C O S C O P S M F D S F N E S V F N S C O S I F N S I V F S I T E X T T I C L A Y C  0 3 - 1 5 -
Z - . 0 5 - L T L T 2 - I - . 5 - . 2 5 - . 1 0 - . 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A P
. 0 5 . 0 0 2 . 0 0 2 . 0 0 0 2 I . 5 . 2 5 . 1 0 . 0 5 . 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O

C M ( - - - - - L T  2 M M  - - - - - - -  - I P C T P C T C L A Y

0 0 0 - 0 0 1 A l l 8 1 . 7 1 2 . 2 6 . 1 . 7 1 . 4 7 . 0 6 0 . 3 1 2 . 3 6 . 1 6 . 1 6 9 . 4 . 7 2
0 0 1 - 0 0 2 A l  2 8 3 . 8 1 0 . 6 5 . 6 . 7 1 . 1 6 . 5 6 3 . 5 1 2 . 0 5 . 7 4 . 9 7 1 . 8 . 8 2
0 0 2 - 0 0 5 A I 3 8 2 . 5 1 0 . 7 6 . 8 ■ 6 . 7 5 . 4 6 4 . 2 1 1 . 6 5 . 1 5 . 6 7 0 . 9 . 5 0
0 0 5 - 0 1 0 A  1 4 8 1 . 9 9 . 7 8 . 4 . 1 . 4 4 . 9 6 5 . 8 1 0 . 7 4 . 7 5 . 0 7 1 . 2 . 4 4
0 1 0 - 0 2 5 8 2 1 8 0 . 8 1 0 . 7 8 . 5 T R . 2 5 . 0 6 4 . 0 1 1 . 6 6 . 0 4 . 7 6 9 . 2 . 4 7
0 2 5 - 0 5 0 8 2 2 7 8 . 0 9 . 4 1 2 . 6 . 1 . 2 4 .  I 6 1 . 6 1 2 . 0 5 . 9 3 . 5 6 6 . 0 . 3 6
0 5 0 - 1 0 0 C l C A 7 8 . 7 1 0 . 4 1 0 . 9 . 2 . 2 3 . 8 6 0 . 2 1 4 . 3 5 . 6 4 . 8 6 4 . 4 . 3 8
1 0 0 - 1 5 0 C Z C A 6 5 . 4 1 9 . 6 1 5 . 0 T P . 4 2 . 8 4 7 . 4 1 4 . 8 1 0 .  I 9 . 5 5 0 . 6 . 3 7
1 5 0 - 2 0 0 C  3 7 4 . 2 1 4 . 5 1 1 . 3 . 1 . 2 2 .  7 5 0 . 9 2 0 . 3 1 0 . 6 3 . 9 5 3 . 9 . 3 6

D E P T H  I! P A R T I C L E  S I Z E  A N A L Y S I S , M M ,  3 8 , 3 B I ,, 3 8 2 1  ( B U L K  D E N S I T Y  I I —  —  — - W A T E R C O N T E N T - - - - - - 1 C A R B O N A T E ( - - - P H - - - )
V O L .  C -  W E I G H T  -  - - -  -II 4  A I D 4 A  I H 4 0 1 4 8 1 C 4 8  IC 4 8  2 4 C 1 6 E 1 B 3 Al A 8 C 1 A S C  IE
G T G T 7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2 1 / 3 - O V F N C O L E 1 / 1 0 1 / 3 - 1 5 - W F D L T LT 1 / 1 1 / 2
2 7 5 . 0 7 4 P C T BAR O P Y B A R B A P B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T I- - - - - P C T  L T 7 5  - -  -  I L T 2 0 G / C C G / C C P C T P C T P C T C M P C T P C T

O O O - O O l O O O 0 O O 4 . 4 T P 7 . 4 7 . 0
0 0 1 - 0 0 2 T R O O t P T R T R 1 . 4  A 4 . 6 T P 7 . 5 6 . 9
0 0 2 - 0 0 5 T R O O T R T R TP 1 . 4 0 1 . 4 4 . 0 1 0 1 6 . 5 3 . 4 . 1 9 T P 7 . 5 6 . 9
0 0 5 - 0 1 0 T R O O T R T P T F 1 . 4 8 1 . 5 1 . 0 0 7 2 3 . 7 3 . 7 . 3 0 T R 7 . 4 6 . 6
0 1 0 - 0 2 5 T R O O T R T P TP 1 . 4 7 1 . 4 9 . 0 0 5 9 . 5 4 . 0 . 0 8 T P 7 . 5 6 . 8
0 2 5 - 0 5 0 T R O O TO T P TP 1 . 4 6 1 . 5 0 . 0 0 9 1 0 . 5 4 . 5 . 0 9 TR 7 . 8 7 . 1
0 5 0 - 1 0 0 T R O O T P T R T R 1 . 4 9 I . 5 3 . 0 0 9 9 . 9 4 .  I . 0 9 8 8 . 2 7 . 5
1 0 0 - 1 5 0 T R O O T R T P T P 1 . 5  A 5 . 5 1 3 8 . 5 7 . 8
1 3 0 - 2 0 0 T R O O I T R I 1 . 5  A 4 . 1 1 2 8 . 6 8 . 0

D E P T H  ( O R G A N I C : M A T T E R I I R O N P H O S I -  - E X T R A C T A B L E  B A S I S  5 B 4 A -  - | A C T Y Al ( C A T r X C H | P A T  I O R A T I O C A ( B A S t S A T I
6  A  I A 6  8 1 A C / N 6 C 2  B 6 N 2 F 6 0 2 D 6 P 2 R 6 0 2 8 6 H 1 A 6 G  I E 5  A 3  A 5 A 6 A B C  I 8 D 3 5 F 1 5 C 3 S C  I
U R G N N I T G F X T T O T L C A M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H  4  C
C A R B F E F X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T  <I------ - - M E O / 1 0 0 G -  - ■ -  -  II C L A Y M G P C T P C T P C T

O O O - O O l 2 . 1 5 . 1 3 0 1 7 2 . 2 T R . 5 1 . 1 9 . 0 1 . 5 0
0 0 1 - 0 0 2 1 . 5 9 . 0 9 2 1 7 2 . 1 . 0 . 4 . 8 7 . 9 1 . 4 0
0 0 2 - 0 0 5 1 . 1 2 . 0 7 5 1 5 1 . 9 . 0 . 4 . 8 7 . 1 1 . 0 0
0 0 5 - 0 1 0 . 6 8 . 0 6 1 11 4 . 9 1 . 5 . 0 . 4 6 . 8 . 6 7 . 4 6 . 3 . 7 5 3 . 3 7 8 9 2 1 0 8
0 1 0 - 0  2 5 . 5 2 . 0 5 2 1 0 5 . 3 1 . 6 . 0 . 3 7 . 2 . 7 7 . 9 7 . 0 . 8 2 3 . 3 7 6 9 1 1 0 3
0 2 5 - 0 5 0 . 4 2 . 0 3 8 11 2 . 1 . 0 . 4 . 6 7 . 4 . 5 9
0 5 0 - 1 0 0 . 2 4 . 0 2 6 9 3 . 2 . 0 . 2 5 . 1 . 4 6
1 0 0 - 1 5 0 . 2 7 . 0 2 6 1 0 5 .  I . 0 .1 5 . 8 . 3 9
1 5 0 - 2 0 0 . 1 5 . 0 1 6 9 6 . 3 . 1 . 2 4 . 9 . 4 3

D E P T H ( S A T U R A T E D P A S T E I N A N A
B c l  8 C 1 B B A 5 0 2 SE
R E S T  P H  
O H M -

H Z O E S P S A R

C M C M P C T P C T

0 0 0 -  O O l  7 . 0  4 1 . 9
001-  002 
0 0 2 - 0 0 5  
0 0 5 - 0 1 0  
0 1 0 - 0 2 5  
0 2 5 - 0 5 0
0 5 0 - 1 0 0  6 8 0 0  8 . 1
1 0 0 - 1 5 0  6 1 0 0  8 . 3
1 5 0 - 2 0 0

S A L T G Y P ( - - -
8 0  5 6 F  LA 8  A  I A 6 N I  B 6 0 1 8
T O T L E C C A M G
S O L U
P P M P C T

M M H O S /  
C M  II - - - -

3 3 0 1 . 0 4 7 . 2 3 . 7
. 2 0 8
. 2 0 8
. 1 0 8
. 1 0 8
. 1 0 8
. 2 0 8
. 2 0 8
. 2 0 8

S A T U R A T I O N  E X T R A C T  B A  I - - - - - - - - - - - - -
6 P 1 B  6 0 1 8  6 1 1 A  6  J l  A  6 K 1 C  6 L I C
N A  K  C 0 3  H C 0 3  C L  S 0 4

- - - - -  M E Q  /  L I T E R  - - - - - - - - - - - - - - - -

. I 1 . 3  . 0  8 . 8  . 7  . 6

-  -  ) A T T E R B E R G  
6 M 1 C  4 F 1  4 F 2
N O 3  L Q I D  P L S T

L M I T  I N D X  
-  -  J P C T

.0

N P

( B I  1 : 2  S O I L  W A T E R  R A T I O
( A )  = S T I M A T e
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Table 54 Laboratory analysis of 1924 old spoil (Site No. 5).

S T I L  C L A S S I F I C A T I O N -

S E R I F S  - - - - - - - - - - - - - - S P O I L  M A T E R I A L

S O I L  N O  - - - - - - - - - - - -  S 7 6 N T - 0 6 7 - 5  C O U N T Y  - - - - - -  R O S E B U D

S F N E R  A L  M E T H O D S - - - - - 1 A, 1 6 1 B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5 6 8 - 7 6 P 0 5 7 7

J . S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N

C M

0 0 0 - 0 0 1 A l l
0 0 1 - 0 0 2 A l  2
0 0 2 - 0 0 5 A l  3
0 0 5 - 0 1 0 A C
0 1 0 - 0 2 0 C l
0 2 0 - 0 5 0 C 2
0 5 0 - 1 0 0 C 3
1 0 0 - 2 0 0 C 4
1 0 0 - 2 0 0 C 4
0 0 0 - 0 0 5

A N A L Y S I S ,  L T  2 M M , 3 A l , 3 A l  A, 3 A I B  - I R A T I C
F I N F  II - - - - - - - -- S A N D  - - S I L T - -  -  - ) F A M L I N T R F I N E N O N - 8 D 1

S A N D S I L T  C L A Y C L A Y V C O S  C O R S M E D S F N E S  V F N S  C O S I F N S I V F S l T E X T I I C L A Y C 0 3 - 1 5 -
2 - . 0 5 -  L T L T 2 -  I - . 5 - . 2 5 -  . 1 0 -  . 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R
. 0 5 . 0 0 2  . 0 0 2 . 0 0 0 2 I . 5 . 2 5 . 1 0  . 0 5  . 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O

LT 2 M M - - - - - - - - - P C T P C T C L A Y

7 6 . 4 1 5 . 1 8 . 5 . 1 2 . 3 6 . 7 5 4 . 0 1 3 . 3 6 . 6 6 .  5 6 3 . 1 1 . 0 2
7 9 . 8 1 2 . 6 7 . 6 T R 1 . 5 5 . 3 5  8 . 7 1 4 . 3 6 . 1 6 . 5 6 5 . 5 . 7 5
8 0 . 1 1 1 . 9 8 . 0 . 1 . 7 4 . 5 6 0 . 0 1 4 . 8 5 . 3 6 . 6 6 5 . 3 . 5 0
7 8 . 8 1 3 . 9 7 . 3 . 5 1 . 0 8 . 0 5 9 . 5 9 . 8 5 . 0 8 . 9 6 9 . 0 . 4 8
8 1 . 3 1 2 . 1 6 . 6 . 1 . 6 7 . 7 6 2 . 3 1 0 . 6 4 . 6 7 . 5 7 0 . 7 . 4 7
7 8 . 7 1 2 . 5 8 . 8 . 4 . 4 7 . 2 6 0 . 2 1 0 . 5 5 . 0 7 . 5 6 8 . 2 . 4 1
7 3 . 7 1 4 . 3 1 2 . 0 . 4 . 5 4 . 9 5 2 . 3 1 5 . 6 6 . 5 7. 8 5 8 . 1 . 4 1
7 3 . 0 1 5 . 7 1 1 . 3 . 5 . 5 5 .  I 5 2 . 8 1 4 . 1 7 . 0 8 . 7 5 8 . 9 . 4 3
7 8 . 4 1 7 . 9 3 . 7 3 9 . 8 1 4 . 7 6 . 5 9 . 1 8 . 3 7 . 6 1 0 . 3 7 0 . 1 . 5 7

D E P T H ( P A R T I C L E  S I Z E  A N A L Y S I S ,  M M .  3 6 ,  3 B 1 , , 3 B 2 ) ( B U L K D E N S I T Y I (- - - - - - W A T E R C O N T E N T - - - - - - - 1 C A R B O N A T E I - - - P H -  - I
V O L .  I - - - - - - - - - - - - - - W E I G H T - - - - - - - - - - 4 A  I D 4 A 1 H  4 D 1 4 B I C 4 B 1 C 4B2 4 C  I 6 5  I R 3 A 1 A 8 C 1 A B C l E
G T  G T  7 5 - 2 0  2 0 - 5  5 - 2  L T 2 0 - 2 1 / 3 - O V E N  C O L E 1 / 1 0 1 / 3 - 1 5 - W P D L T L T 1 / 1 1 / 2

C M
2  7 5  . 0 7 4
P C T  P C T  I - - - - - P C T  L T  7 5 - - - - - - I

P C T
L T 2 0

B A R
G / C C

D R Y
G / C C

B A R
P C T

B A R
P C T

B A P
P C T

C M /
C M

2
P C T

. 0 0 2
P C T

H 2 0 C A C l

0 0 0 - 0 0 1 T R O O T R T R T R
0 0 1 - 0 0 2 T R O O T R T R I
0 0 2 - 0 0 5 I O O 2 T P 2
0 0 5 - 0 1 0 I O 0 I I 2
0 1 0 - 0 2 0 2 O O 2 2 4
0 2 0 - 0 5 0 I O O I I 2
0 5 0 - 1 0 0 3 2 2 2 I 3
1 0 0 - 2 0 0 6 3 4 2 I 3
100-200
0 0 0 - 0 0 5

1 . 3  C
1 . 3  C
1 . 3  C  
1 . 4 6 1 . 5 5 . 0 2 0 1 3 . 3

8 . 7
5 . 7  
4 . 0  
3 . 5 . 1 4

1 . 6 0 1 . 6 0 . 0 0 0 9 . 2 3 .  I . 1 0
1 . 5  C  
1 . 3 9 1 . 4 2 . 0 0 7 1 4 . 0

3 . 6
4 . 9 . 1 2

1 . 4  C 

1 . 2 8 1 . 3 4 . 0 1 5 1 3 . 3

4 . 9

6  7 . 4  7 . 2
7  7 . 6  7 . 1
7  7 . 9  7 . 3
7  7 . 9  7 . 3
7  8 . 2  7 . 5
9  6 . 4  7 . 7

1 1  8 . 5  7 . 8
1 1  8 . 5  7 . 8
5 8  8 . 8  7 . 9

D E P T H  ( O R G A N I C M A T T E R I I R O N P H O S
6  A I A 6 B 1 A C / N 6 C 2 B
O R G N N I T G F X T T O T L
C A R B F E

C M P C T P C T P C T P C T

0 0 0 - 0 0 1 4 . 2 1 . 3 0 4 1 4
0 0 1 - 0 0 2 2 . 5 6 . 1 5 2 1 7
0 0 2 - 0 0 5 1 . 0 6 . 0 7 1 1 5
0 0 5 - 0 1 0 . 5 9 . 0 4 4 1 3
0 1 0 - 0 2 0 . 3 8 . 0 3 2 1 2
0 2 0 - 0 5 0 . 3 5 . 0 2 8 1 3
0 5 0 - 1 0 0 . 4 5 . 0 3 6 1 3
1 0 0 - 2 0 0
1 0 0 - 2 0 0
0 0 0 - 0 0 5

. 4 9 . 0 3 9 1 3

- - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - I  A C T Y
6 N 2 E  6 0 2 0  6 P 2 B  6 0 2 6  6 H I A
C A  M G  N A  K  S U M  B A C L  

F X T B  T E A
• - - - - - - - - - - - - - - - - - - - - - M F O  / 1 0 0  G -

4 . 1  T R  1 . 2
2 . 8  T B  . 5
2 . 4  . 0  . 3
2 . 9  . 0  . 3
3 . 3  . 0  . 3
3 . 7  . 0  . 3
4 . 4  . 0  . 5
4 . 8  . 0  . 3

A L ( C A T E X C H ) R A T I O P A T I O C A
6 G 1 E 5  A 3  A 5 A 6 A 8 D 1 8 D 3 5 F 1
K C L E X T B N H A C N H A C C A S A T
E X T A C T Y T O T O N H A C

I C L A Y M G P C T

1 4 . 6  1 . 7 2
8 . 3  1 . 0 9
6 . 0  . 7 5
4 . 4  . 6 0
3 . 7  . 5 6
4 . 0  . 4 5
4 . 5  . 3 8
4 . 7  . 4 2

( B A S F  S A T )  
5 C 3  5 C I
E X T B  N H A C  
A C T Y
P C T  P C T

D E P T H ( S A T U R A T E D P A S T E ) N A
8 = 1  B C l B B A 5  0 2
R E S T  P H  
O H M -

H 2 0 F S P

C M C M P C T P C T

0 0 0 - 0 0 1 6 . 7 6 5 . 7
0 0 1 - 0 0 2 7 . 2 4 5 . 0
0 0 2 - 0 0 5 7 . 6 3 3 . 8
0 0 5 - 0 1 0 7 . 5 3 1 . 9
0 1 0 - 0 2 0
0 2 0 - 0 5 0

7 . 7 3 2 . 3

0 5 0 - 1 0 0 7 1 0 0 8 . 3
1 0 0 - 2 0 0
1 0 0 - 2 0 0
0 0 0 - 0 0 5

6 5 0 0 8 . 3

N A S A L T G Y R I - - - - -
5 E 8 0 5 6 F  I A B A l A 6 N 1 B

S A F T O T L E C C A
S O L U M M H O S /
P P M P C T C M  (

9 2 0 1 . 7 7 1 2 . 6
3 6 0 1 . 1 0 8 . 2
1 6 0 . 6 8 5 .  I
1 6 0 . 7 8 5 . 7
1 0 0 . 5 0 0

. 2 0 0
3 . 4

. 2 0 0

. 2 0 0

- - - - -  S A T U R A T I O N  E X T R A C T  8 A I - - - - -
6 0 I B  6 P I B  6 0 1 B  6 1 I A  6 J 1 A  6 K 1 C
M G  N A  K  C 0 3  H C 0 3  C L

- - - - - - - - - - - -  M E O  / L I T E R  - - - - - - - - - -

5 . 2  . 1
2.6 .1
1 . 3  . 0
1 . 4  . 0

. 9  . 0

3 . 9  . 0
1 . 5  . 0
.8 .0
. 9  . 0
. 7  . 0

1 5 . 6  1 . 6
9 . 9  . 7
5 . 8  . 4
3 . 3  . 1
3 . 7  . I

- - - - - - - - - - j A T T E R B E R G
6 L 1 C  6 M 1 C  4 F I 4 F 2
S 0 4  N O 3  L O I D  P L S T

L M I T  I N O X  
- - - - - - - - - - ) P C T

. 7  . 0

. 5  . 0

. 3  . 0
3 . 3  . 0
. 7  . 2

N P

( A )  W H O L E  S O I L ,  I N C L U D I N G  C O U R S E  F R A G M E N T S ,  C R U S H E D  T O  P A S S  2  M M  S I E V E .  
( B I  C L O D  O f  A l  I, A 1 2 ,  A N D  A 1 3  F O R  B U L K  D E N S I T Y  A N D  M O I S T U R E  R E T E N T I O N .  
1 C )  E S T I M A T E
( D )  1 1 2  S O I L  W A T E R  R A T I O .
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Table 55. Laboratory analysis of 1924 old spoil (Site No. 7).

S O I L  C L A S S I F I C A T I O N -

S E R I F S  - - - - - - - - - - - - - S F R I  =  S  N O T  D E S I G N A T E D

S O I L  N O  - - - - - - - - - - - - S 7 6 M T - 0 8 7 - 7  C O U N T Y - - - - - - - R O S E B U D

G E N E R A L  M E T H O D S - - - - 1 A, I B I B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5  8 8 - 7 6 P 0 5 9 6

U .  S .  O E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N  (

S A N D  S I L T  C L A Y  
2 -  . 0 5 -  L T
. 0 5  . 0 0 2  . 0 0 2

C M  I - - - - - - - - - - - - - - - - - -

0 0 0 - 0 0 1 A l l 8 0 . 5 1 2 . 4 7 . 1
0 0 1 - 0 0 2 A 1 2 8 2 .  I 1 1 . 5 6 . 4
0 0 2 - 0 0 5 A 1 3 8 1 . 7 1 0 . 2 8 . 1
0 0 5 - 0 1 0 A l  4 7 8 . 3 1 4 . 8 6 . 9
0 1 0 - 0 2 0 C l 8 1 . 3 1 2 . 5 6 . 2
0 2 0 - 0 5 0 C ? 8 0 . 3 1 2 . 3 7 . 4
0 5 0 - 1 0 0 C 3 7 5 . 0 1 4 . 9 1 0 . 1
1 0 0 - 2 0 0 C 4 6 6 . 4 2 0 . 4 1 3 . 2

A B

- - - - - - - - -  P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,
F I N E  I —  —  —  —  —  S A N D  —  —  —  —  —  —  ) ( —  -  —
C L A Y
L T

. 0 0 0 2

V C O S
2 -
1

C O R S
1 -
. 5

M E D S
. 5
. 2 5

F N E S  
. 2 5 -  
. 1 0  
L T  2 M K

V F N S
. 1 0 -
. 0 5

C O S I
. 0 5
. 0 2

. 9 I . 4 4 . 9 5 7 . 0 1 6 . 3 5 . 3

. 2 . 4 3 . 0 6 1 .  7 1 6 .  8 4 . 9
. 2 . 5 3 . 3 6 1 . 2 1 6 . 5 4 . 7
. 9 . 4 4 . 0 5 9 . 2 I 3 . 8 7 . 1
. 2 . 4 3 .  I 6 2 . 4 1 5 . 2 5 . 0
. 2 . 4 3 . 1 6 2 . 9 1 3 . 7 5 . 2
. 2 . 4 4 . 2 5 4 . 8 1 5 . 4 6 .  7
. 7 . 5 3 . 3 4  5 . 8 1 6 .  I 1 0 . 4

3 A 1 , 3 A 1 A , 3 A 1 B  - ! R A T I O
S I L T - - - - - - I F A M L I N T R F I N E N O N - 8 D 1
F N S I V F S I T F X t I I C L A Y C  0 3 - 1 5 -
. 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R
. 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O

P C T P C T C L A Y
7 .  I 6 4 . 2 7 • 6 6

6 5 . 3 6 . 5 2
5 . 5 6 5 . 2 8 . 4 0
7 . 7 6 4 . 5 7 . 4 8
7 . 5 6 6 . 1 6 . 5 0
7 . 1 6 6 . 6 7 . 4 7
8 . 2 5 9 . 6 1 0 . 4 1

1 0 . 0 5 0 . 3 1 3 . 3 6

D E P T H

C M

( P A R T I C L E  S I Z E  A N A L Y S I S ,  M M ,  3 B ,  3 B 1 ,  3 B 2 ) I B U L K  D E N S I T Y
V O L . ( - - - 4 A 1 0 4 A 1 H 4 0 1
G T G T 7 5 - 2 0 2 0 - 5  5 - 2 L T 2 0 - 2 IZ 3 - O V E N C O L E
2 7 5 . 0 7 4 P C  T B A R C R Y
P C T P C T I- - - - - P C T  L T  7 5  - - - - I L  T 2 0 G Z C C G Z C C

- W A T = R C O N T E N T -
4 B 1 C 4 B 1 C 4  8 2 4 0
I Z l O 1 Z 3 - 1 5 - W P D
B A R B A P B A P C M Z
P C T P C T P C T C M

I C A R B O N A T E  ( -  - P H - - - )
6 : 1 8 3 A 1 A B O A 8 C 1 E
L T L T I Z l 1 Z 2
2 . 0 0 2 H 2 0 C A C L
P C T P C T

0 0 0 - 0 0 1 T R 0 O T R I
0 0 1 - 0 0 2 T R O O TR T B
0 0 2 - 0 0 5 T R O 0 I T R
0 0 5 - 0 1 0 T R O 0 I T P
0 1 0 - 0 2 0 I O O TP I
0 2 0 - 0 5 0 T P 0 0 T R I
0 5  0 - 1 0 0 T B O O T P T B
1 0 0 - 2 0 0 T P O O I T P

T R O O I T F

I 1 . 3  A 
T R  1 . 4  A
I
I

1 . 5 2  
1 . 5  A

1 . 5 4 . 0 0 5 9 . 8

I
I

1 . 6 1  
1 . 4  A

1 . 6 3 . 0 0 4 1 0 . 8

TB
I
I

1 . 2 5  
1 . 2  A 
1 . 5  A

1 . 4 7 . 0 5 7 8 . 7

4 .  7 8 T P 7 . 5 7 . 2
3 . 3 6 T P 7 . 9 7 . 3
3 . 2 . 1 0 8 T P 7 . 8 7 . 3
3 . 3 9 T P 8 . 1 7 . 4
3 . 1 . 1 2 9 T P 8 . 1 7 . 5
3 . 5 9 T R 8 . 4 7 . 7
4 .  I . 0 6 9 T R 6 . 5 7 . 8
4 . 8 5 T R 8 . 4 7 . 8
5 . 6 T R 8 . 2 7 . 7

D E P T H  ( O R G A N I C  M A T T E R  ) I R O N  P H O S
6 A  I A 6 B 1 A C Z N 6 C 2 P 6 N 2 E
O P G N N I T G E X T T O T L C A
C A R P F E

C M P C T P C T P C T P C T (- - - - -

O O O - O O l 2 . 0 1 . 1 6 7 1 2
0 0 1 - 0 0 2 1 . 1 0 . 0 6 9 1 6
0 0 2 - 0 0 5 . 7 3 . 0 5 4 1 4
0 0 5 - 0 1 0 . 7 2 . 0 4 8 1 5
0 1 0 - 0 2 0 . 3 8 . 0 3 1 1 2
0 2 0 - 0 5 0 . 2 4 . 0 2 4 1 0
0 5 0 - 1 0 0 . 1 5 . 0 1 6 9
1 0 0 - 2 0 0 . 4 2 . 0 4 5 9

O F P T H  I! S A T U R A T E D  P A S T E ) N A N A S A L T
B E l  8 C 1 B B A 5 D 2 5 E 8 0 5
B E S T P H  H 2 0 E S P S A B T O T L
O H M - S O L U

C M C M > C T P C T P P M

0 0 0 - 0 0 1 6 .  8 4 5 . 9 1 0 0 0
0 0 1 - 0 0 2 7 . 6 3 3 . 8 2 2 0
0 0 2 - 0 0 5 7 . 7 3 1 . 7 1 3 0
0 0 5 - 0 1 0 7 . 8 3 0 . 6 1 0 0
0 1 0 - 0 2 0 7 . 7 2 9 . 7 2 0 0
0 2 0 - 0 5 0
0 5 0 - 1 0 0 5 9 0 0 8 . 3
1 0 0 - 2 0 0 4 9 0 0 8 . 0 2 7 . 3 9 0

I - - - E X t R A C T A B L E  B A S E S  5 B 4 A -  - I  A C T Y  A L
) 6 P 2 B  6 0 2  B  6 H 1 A  6 G 1 E

N A  K  S U M  B A C L  K C L  
E X T B  T F A  E X T

- M E O  Z 1 0 0

( C A T  E X C H )  R A T I O  R A T I O  
5 A 3  A  5 A 6 A  8 D 1  8 0 3
E X T B  N H A C  N H A C  C A  
A C T Y  T O  T O
- - - - - - - - - - ) C L A Y  M G

2.8
2 . 4
2 . 4
2.6
2 . 7
3 . 8
6 . 9
8.2

T R
.0
.0
.0
.0
.0
.0

. 7

. 4

.2

. 3

.2

.2

. 3

. 3

7 . 7
5 . 7
5 . 3
5 . 3
4 . 2
4 . 4
5 . 3  
7 . 6

1 . 0 8
. 8 9
. 6 5
. 7 7
.68
. 5 9
. 5 2
. 5 8

S A T U R A T I O N  E X T R A C T  8 A 1 -
6 F 1 A  8 A 1 A  6 N 1 B  6 0 1 8  6 P 1 B  6 Q 1 B  6 1 I A

E C  
M M H O S /  

CM I

6J1A
H C 0 3

6 K 1 C  6 L I C 
C L  S 0 4

M E O  Z  L I T E R

O  2 . 6 7  2 3 . 4
. 9 0  7 . 3
. 5 8  4 . 6
. 4 8  3 . 7
. 9 5  7 . 9
. 2 0 8.20B
. 4 7  1 . 5

7 . 6
1 .8
1.1
.8

1.8

.1

.0

.0

.0

.0

4 . 2
1.0
. 5
. 4
.6

.0

.0

.0

.0

8 . 3
4 . 6
3 . 6  
2 . 5

.2 

.2 . I . I

. 9

. 4

.2

.2
6 . 7

C A ( B A S E S A T )
5 F 1 5 C 3 S C  I

S A T E X T B N H A C
N H A C A C T Y
P C T P C T P C T

-  -  ) A T T E R B E R G  
6 M 1 C  4 F 1  4 F 2
N O 3  L Q I D  P L S T

L M I T  I N O X  
-  -  I P C T

.0

.0

.0

.0

.0

. 6
N P

( A )  E S T I M A T E
( B I  I i 2  S O I L  W A T E R  R A T I O
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Table 56 Laboratory analysis of 1924 old spoil (Site No. 9).
S O I L  C L A S S I F I C A T I O N -

S E M E S  - - - - - - - - - - - - - - S E P I F S  N O T  D E S I G N A T E D

S O I L  N O - - - - - - - - - --  S 7 6 M T - 0 8 7 - 9  C O U N T Y - - - - - P O S E B U D

U .  S. D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N t B P A S K A

G E N E R A L  M E T H O D S - - - - - I A ,  I B  I B ,  2 A 1 ,  2 B S A M P L E  N O S .  7 6 P 0 6 0 6 - 7 6 P 0 6 1 5

D E P T H  H O R I Z O N  I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,  3 A 1  , 3 A 1  A, 3 A I R - - - - - - - - - - - - - - - - - - - - ! R A T I O
F I N E  I - - - - - - - --  S A N D - - - - - - - - - - - - M ---- - S I L T - - - - - - - )  F A M L  I N T P  F I N E  N O N -  B D I

C M

S A N D
Z -
. 0 5

(- - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

C L A Y
L T

. 0 0 0 2

V C O S
2 -
1

C O R S
1 -
. 5

M E O S
. 5 -
. 2 5

F N E S  V F N S  
. 2 5 -  . 1 0 -
. 1 0  . 0 5
L T  2 M M  -  -  -

C C S I
. 0 5
. 0 2

F N S I
. 0 2
. 0 0 2

V F S I
. 0 0 5 -
. 0 0 2

T E X T  
S A N D  
2 - . I

I I 
. 2 -  
. 0 2

C L A Y  
T O  

C L A Y  
I P C T

C O S -
C L A Y

P C T

1 5 -
B A R
T O

C L A Y

O O O - O O l A l l 7 8 . 7 1 2 . 4 8 . 9 . 2 . 6 5 . 4 5 7 . 2 1 5 . 3 8 . 2 4 . 2 6 3 . 4 . 4 2
0 0 1 - 0 0 2 A l  2 7 8 . 8 1 1 . 5 9 . 7 . 1 . 4 5 . 0 5 7 . 5 1 5 . 8 8 . 0 3 . 5 6 3 . 0 . 3 6
0 0 2 - 0 0 5 A l  3 7 8 . 5 1 2 . 6 8 . 9 . 2 . 3 5 . 6 5 8 .  I 1 4 . 3 7 . 8 4 .  8 6 4 . 2 . 3 8
0 0 5 - 0 1 0 A C  I 7 7 . 3 1 3 . 0 9 . 7 . 2 . 6 5 . 9 5 4 . 8 1 5 . 8 7 . 7 5 . 3 6 1 . 5 . 3 4
0 1 0 - 0 1 5 A C Z 8 0 . 5 1 1 . 8 7 . 7 T R . 3 5 . 1 6 0 . 7 1 4 . 4 7 . 6 4 . 2 6 6 . 1 . 3 9
0 1 5 - 0 5 0 C l 8 1 . 0 1 1 . 7 7 . 3 . 2 . 4 6 .  0 6 1 . 6 1 2 . 8 7 . 0 4 . 7 6 8 . 2 . 4 2
0 5 0 - 1 0 0 C Z 8 4 . 8 6 .  7 8 . 5 T R . 4 6 . 7 6 5 . 5 1 2 . 2 6 . 4 . 3 7 2 . 6 . 3 8
1 0 0 - 2 0 0 C S 8 3 . 3 9 . 0 7 . 7 . 2 . 4 1 0 . 9 6 0 .  3 1 1 . 5 5 . 7 3 . 3 T l  .8 . 3 6
1 0 0 - 2 0 0  C  3  ( A l  
0 0 0 - 0 0 5  I BI

D F P T H  ( P A R T I C L E  S I Z E A N A L Y S I S , M M , 3 6 .  3 8 1 , 3 8 2 1  I B U L K  D E N S I T Y  1 ( - - - - - - W A T E R C O N T E N T - -  -  - I C A R B O N A T E ( -  - P H -  - 1
V O L .  ( - -  - I 4 A  I D 4 A  I H 4 0 1 4 B i  C 4  B I  C 4  8 2 4 f  I 6 F  I B 3 A 1 A B C l A 8 C 1 E
G T G T  7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2 1 / 3 - O V E N i 1 / 1 0 1 / 3 - 1 5 - W F D LT L T l / l 1 / 2
2 7 5 . 0 7 4 P C T B A R D P Y B A R B A R B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T  (- -  - P C T  IL T  7 5 -  -  -  I L T Z O G Z C C G Z C C P C T P C T P C T C M P C T P C T

0 0 0 - 0 0 1 I O O T P I I 1 . 5  C 3 .  7
O O l - O O Z I 0 O T P I I 1 . 5  C 3 . 5
0 0 2 - 0 0 5 I O T R I T R I 1 . 5  C 3 . 4
0 0 5 - 0 1 0 I O T R I T B I 1 . 5 1 1 . 5 4 . 0 0 7 1 2 . 5 3 . 3 . 1 4
0 1 0 - 0 1 5 I O T R I I 2 1 . 6 2 1 . 6 6 . 0 0 8 9 . 8 3 . 0 . 1 1
0 1 5 - 0 5 0 3 4 O 1 8 2 7 I 3 4 1 . 6  C 3. I
0 5 0 - 1 0 0 5 O 11 T P T P TP 1 . 6  C 3 . 2 6 8 . 6 7 . 9
1 0 0 - 2 0 0 1 3 O 1 8 T R I I . 6 5 I . 7 1 . 0 1 2 1 3 . 3 2 .  8 . 1 7 9 8 . 5 7 . 8
1 0 0 - 2 0 0 T R O O T P T P T R 1 . 6 9 1 . 7 1 . 0  0 4 7 . 6 2 . 6 . O o 9 8 . 5 7 . 7
0 0 0 - 0 0 5 1 . 4 9 1 . 5 3 . 0 0 9 1 0 . 4

D E P T H  ( O R G A N I C  M A T T E R I I R O N P H O S ( - - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - J A C T Y A L ( C A T E X C H l P A T I O R A T  IO C A ( B A S E S A T l
6 A 1 A 6  B I  A C Z N 6 C 2 B 6 N 2 E 6  0 2 0 6 P 2 B 6 Q 2 8 6 H  I A 6 0  IE 5 A 3  A 5 A 6 A G D I 8 0 3 5 F 1 5 C 3 5 C 1
O R G N N I T G E X T T O T L C A M G N A S U M B A C L K C L E X T B N H A C N H A f C A S A T E X T B N H A C
C A R B F E E X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T ( - - - - - - i Z 1 0 0 G -  - • -  -  II  C L A Y M G P C T P C T P C T

0 0 0 - 0 0 1 1 . 0 8 . 0 6 2 1 7
0 0 1 - 0 0 2 . 6 5 . 0 4 2 1 5
0 0 2 - 0 0 5 . 5 6 . 0 3 6 1 6
0 0 5 - 0 1 0 . 3 8 . 0 2 8 1 4
0 1 0 - 0 1 5 . 2 5 . 0 1 9 1 3
0 1 5 - 0 5 0 . 1 3 . 0 0 9 1 4
0 5 0 - 1 0 0 . 1 3 . 0 1 2 11 4 . 0 . 0 . 1 3 . 3 . 4 5
1 0 0 - 2 0 0 . 0 8 . 0 0 7 11 3 . 5 . 0 . 1 3 . 6 . 4 2
1 0 0 - 2 0 0 3 . 4 . 0 . I 3 . 5 . 4 5
0 0 0 - 0 0 5

D E P T H ( S A T U R A T E D P A S T E ) N A
B E  i e c i B B A 5 0 2
R E S T  P H  
O H M -

H 2 0 E S P

C M C M P C T P C T

O O O - O O l 7 . 4 3 0 . 6
0 0 1 - 0 0 2 7 . 8 2 8 . 9
0 0 2 - 0 0 5
0 0 5 - 0 1 0
0 1 0 - 0 1 5
0 1 5 - 0 5 0

7 . 8 2 8 . 9

0 5 0 - 1 0 0 8  2 0 0 8 . 3
1 0 0 - 2 0 0
1 0 0 - 2 0 0
0 0 0 - 0 0 5

8 7 0 0 8 . 3

N A
S E

S A R

S A L T
8 0 5
T O I L
S O L U
P P M

G Y P
6 F U

P C T

( - - - - -
B A l A
E C

M M H O S /  
C M  I

6 N 1 B
C A

I - ~

2 7 0 1 . 1 8 1 0 . 0
1 0 0 . 5 5 4 . 2
9 0 . 4 7 3 . 6

.200

.2 0 0

.200

.200

.200

- - - - -  S A T U R A T I O N  E X T R A C T  B A l -  -  -
6 0 1 8  6 P 1 B  6 0 1 B  6 1 I A  6 J 1 A  6 K 1 C  
M G  N A  K  C 0 3  H C 0 3  C L

• - - - - - - - - - - - - M E O  / L I T E R - - - - - - - - - - -

2.6 .1 
. 9  . 0
. 9  . 0

I . 3  . 0
. 5  . 0
. 4  . 0

1 0 . I  1 . 1
4 . 2  . 4
3 . 7  . 2

6LIC 
S 0 4

-  -  I A T T E P B E P G  
6 M 1 C  4 F 1  4 F 2
N O 3 L O I D  P L S T

L M I T  I N D X  
-  -  ) P C T

.0

.2

.0

N P

( A l  S A N D S T O N E  F R A G M E N T S .
( B )  C L O D  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F O R  B U L K  D E N S I T Y  A N D  M O I S T U R E  R E T E N T I O N .  
( C l  E S T I M A T E
( 0 1  1 : 2  S O I L  W A T F R  R A T I O .



151

Table 57 Laboratory analysis of 1932 old spoil (Site No 10).

S O I L  C L A S S I F I C A T I O N -

S E H I F S - - - - - - - - - - - - - - M I N E  S P O I L

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 1 0  C O U N T Y  - - - - - -  P O S E B U D

U .  S .  D E P A F  T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M I S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - L A ,  I B  I B ,  2 A 1 .  2 8  S A M P L E  N O S .  7 6 P 0 6 1 6 - 7 6 P 0 6 2 4

D E P T H  H O R I Z O N  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z F  A N A L Y S I S ,  L T  2 M M , 3 A 1  , 3 A 1 A ,  3 A I B - - - - - - - - - - - - - - - - - - - - ! R A T I O

C M

S A N D
2 -
. 0 5

I - - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

F I N E  I 
C L A Y  
L T

. 0 0 0 2

I -  -  
V C O S  
2 -  
1

C O P S
1 -
. 5

S A N D  - 
M E D S  
. 5 -  
. 2 5

F N E S
. 2 5 -
. 1 0
L T  2 M K

- - M
V F N S
. 1 0 -
. 0 5

-  -  - S I L T -  
C O S  I F N S I  
. 0 5  . 0 2
. 0 2  . 0 0 2

- - - - - )
V F S l
. 0 0 5 -
. 0 0 2

F A M L  
T E X T  
S A N D  
2 - . I

I N T R  
I I 

. 2 -  

. 0 2

F I N E
C L A Y
T O

C L A Y
P C T

N O N -
C 0 3 -
C L A Y

P C T

B D l
1 5 -
B A R
T O

C L A Y

O O O - O O l A l l 4 2 . 0 4 6 . 2 1 1 . 8 . 4 . 5 1 . 7 2 6 . 5 1 2 . 9 2 5 . 3 2 0 . 9 2 9 . 1 1 2 . 9 8
0 0 1 - 0 0 2 A 1 2 5 0 . 7 3 8 . 5 1 0 . 8 . 5 . 4 1 . 4 3  0 . 5 1 7 . 9 2 2 . 3 1 6 . 2 3 2 . 8 1 1 . 5 9
0 0 2 - 0 0 5 A l  3 4 6 . 0 4 0 . 5 1 3 . 5 . 5 . 6 1 . 2 2 5 . 7 1 8 . 0 2 0 . 2 2 0 . 3 2 8 . 0 1 4 . 3 3
0 0 5 - 0 1 0 C l 5 B . 1 2 9 . 8 1 2 .  I . 3 . 5 1 . 4 3 5 . 7 2 0 . 2 1 6 . 8 1 3 . 0 3 7 . 9 1 2 . 4 1
0 1 0 - 0 5 0 C 2 4 9 . 1 3 3 . 1 1 7 . 6 . 2 . 5 1 . 3 3 2 . 8 1 4 . 3 1 2 . 3 2 0 . 8 3 4 . 8 1 8 . 3 3
0 5 0 - 1 0 0 C 3 6 1 . 0 2 6 . 9 1 2 . 1 . 1 . 4 3 . 1 4 3 . 9 1 3 . 5 8 . 7 1 8 . 2 4 7 . 5 1 1 . 5 5
1 0 0 - 2 0 0 C 4 6 3 . 2 2 5 . 1 1 1 . 7 . 3 . 4 2 . 7 4 6 .  0 1 3 . 8 7 . 3 1 7 . 8 4 9 . 4 1 2 . 4 8
- - - - - - - -  S H A L E
0 0 0 - 0 0 5  C A )

D E P T H  ( P A R T I C L E  S I Z E  A N A L Y S I S ,  M M ,  3 8 ,  3 B 1 ,  3 8 2 ) C B U L K  D E N S I T Y  ) ( - - -  - - - W A T E R  C O N T E N T -  - - - - - ) C A R B O N A T E  ( -  - P H  - -- )
V O L .  ( -  W E I G H T  - -  -  - 1 4 A  I O 4  A I H 4 0 1 4 B 1 C 4 B 1 C 4 B 2 4 C  I 6 t  IB 3 A 1 A 8 C 1 A B C l E
G T G T  7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2 1 / 3 - O V E N C O L E 1 / 1 0 I / 3 - 1 5 - W F O L T L T 1 / 1 1 / 2
2 7 5 . 0 7 4 P C T B A P D R Y B A R B A F B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T  (- — P C T L T  7 5  - -  -  I L T 2 0 G Z C C G Z C C P C T P C T P C T C M P C T P C T

O O O - O O l 2 O O 2 2 4 1 . 1  B 1 1 . 6 T P 7 . 7 7 . 1
0 0 1 - 0 0 2 2 O 0 2 I 3 1 . 2  B 6 . 4 1 6 7 . 7 7 . 3
0 0 2 - 0 0 5 2 O O 2 I 3 1 . 2  B 4 . 4 1 6 7 . 9 7 . 4
0 0 5 - 0 1 0 2 O O 2 2 4 1 . 5 1 . 5 8 . 0 0 8 1 1 . 1 5 . 0 . 0 9 1 5 8 . 1 7 . 5
0 1 0 - 0 5 0 T R O O I T R I 1 . 5  B 5 . 9 1 5 8 . 3 7 . 8
0 5  0 - 1 0 0 1 3 O O 1 6 5 2 1 1 . 5 3 1 . 5 7 . 0 0 8 1 8 . 5 6 . 6 . 1 6 1 4 I 8 . 6 7 . 9
1 0 0 - 2 0 0 T R O O T R T R TP 1 . 5  B 1 0 . 3 2 0 2 8 . 5 7 . 8

3 8 . 5 7 . 9
0 0 0 - 0 0 5 1 . 2 3 1 . 3 1 . 0 2 1 1 7 . 2

D E P T H  ( O R G A N I C  M A T T E R I I R O N P H O S I - - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - I A C T V A L ( C A T F X C H I F A T l O P A T I O C A ( B A S E S A T )
6 A  I A 6 B I A C Z N 6 C 2 B 6 N 2 E 6  0 2 0 6 P 2 B 6 0 2  B 6 H 1 A 6 G 1 F 5 A  3 A 5 A 6 A B D  I 8 0  3 5 F 1 5 C 3 S C  I
O R G N N I T G E X T T O T L C A M G N A K S U M B A C L K C L F X T B N H A C N H A C C A S A T E X T B N H A C
C A R B F E E X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T  ( ) Z 1 0 0 G -  - ■ -  -  I C L A Y M G P C T P C T P C T

O O O - O O l 4 . 6 3 . 3 7 9 1 2 4 . 2 T R 1 . 3 1 . 4 1 7 . 0 1 . 4 4
0 0 1 - 0 0 2 1 . 8 4 . 1 8 8 I O 4 . 0 T P . 5 5 . 9 . 5 5
0 0 2 - 0 0 5 1 . 0 9 . 0 7 9 1 4 4 . 2 T R . 4 4 . 6 . 3 4
0 0 5 - 0 1 0 . 7 3 . 0 4 5 1 6 3 . 8 T P . 3 4 . 2 . 3 5
0 1 0 - 0 5 0 . 2 9 . 0 2 6 1 1 5 . 6 T P . 3 5 . 0 . 2 8
0 5 0 - 1 0 0 . 1 9 . 0 3 0 6 6 . 4 . 0 . 1 3 . 8 . 3 1
1 0 0 - 2 0 0 . 2 1 . 0 2 4 9 9 . 5 .1 . 2 5 . 6 . 4 6
— --— . 1 9 . 0 2 6 7 9 . 5 . 1 . 3 6 . 4

D E P T H I S A T U R A T E D P A S T E ) N A N A S A L T
S E  I S C  I B B A 5 0 2 S E 8 0 S
R E S T  P H  
O H M -

H 2 0 E S P S A P T O T L
S O L U

C M C M P C T P C T P P M

G Y P  C - - - - - - - - - - - - - - - - - - S A T U R A T I O N
6 F 1 A  B A  I A  6 N 1 B  6 0 1 B  6 P 1 B  6 0 1 B 

E C  C A  M G  N A  K
M M H O S /

P C T  C M  I - - - - - - - - - - - - - - - - - - - M E O

E X T R A C T  B A l - - - - - - - - - - - - - - - - - - -  ) A T T t P B E R G
6 1 1 A  6  J l  A  6 K I C  6 L 1 C  6 M 1 C  4 F 1  4 F 2
C 0 3  H C O 3  C L  S 0 4  N 0 3  L O I D  P L S T

L M I T  I N D X
/  L I T E R - - - - - - - - - - - - - - - - - - - - - - - I P C T

O O O - O O l 6 . 7 1 0 1 . 0 2 4 0 0 O  2 . 8 6
0 0 1 - 0 0 2 7 . 1 4 3 . 7 5 8 0 1 . 7 3
0 0 2 - 0 0 5 7. I 3 2 . 7 3 4 0 1 . 3 9
0 0 5 - 0 1 0 7 . 4 2 8 . 1 1 7 0 . 8 7
0 1 0 - 0 5 0 7 . 8 3 5 . 6 1 0 0 . 4 3
0 5 0 - 1 0 0 6 2 0 0 8 . 2 • 2 0 C
1 0 0 - 2 0 0 4 4 0 0 8 . 3 • 2 0 C

. 2 0 C
0 0 0 - 0 0 5

2 0 . 8 9 . 4 • 1 7 . 0 . 0 2 5 . 7 2 . 2 1 . 6 . 0
1 3 . 3 5 . 2 . 1 2 . 2 . 0 1 6 . 3 1 . 6 . 7 . 0
1 0 . 7 4 . 0 . 1 1 . 6 . 0 1 1 . 7 1 . 2 . 7 . 0
6 .  I 2 . 2 . 1 1 . 3 . 0 5 . 4 . 7 . 5 . 0
2 . 3 1 . 5 .1 . 4 . 0 2 . 5 . 3 . 3 . 0

( A )  C L O O  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F O P  B U L K  D F N S I T V  A N D  M O I S T U R E  R E T E N T I O N .
( B )  E S T I M A T E
( C )  1 1 2  S O I L  W A T E R  R A T I O .
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Table 58 Laboratory analysis of 1948 old spoil (Site No. 3).

S O I L  C L A S S I F I C A T I Q N -

S F A I F S - - - - - - - - - - - - - - H I N r  S P O I L

S O I L  N O  - - - - - - - - - - - -  S 7 6 H T - 0 8 7 - 3  C O U N T Y  - - - - -  R O S E B U D

J .  S .  D E P A R T M E N T  O F  A G P  I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - I A ,  1 B 1 B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 5 5 0 - 7 6 P 0 5 5 7

D E P T H  H O R I Z O N  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z E
F I N E  I - - - - - - - - - - S A N D  -

S A N D  S I L T  C L A Y  C L A Y  V C O S  C O P S  M E D S
2 -  . 0 5 -  L T  L T  2 -  I -  . 5 -
. 0 5  . 0 0 2  . 0 0 2  . 0 0 0 2  I . 5  . 2 5

C M  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P C T

A N A L Y S I S .  L r 2 M M , 3 A I , 3 A l  A, 3 A  I B  - I F A T I O
- S I L T - - - - - - j F A M l I N T P F I N E N O N - 8 D I

F N F S  V F N S  C D S I F N S I V F S I T E X T I I C L A Y C 0 3 - 1 5 -
. 2 5 -  . 1 0 -  . 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R
. 1 0  . 0 5  . 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O
L I  2 M M - - - - - - - - - - P C T P C T C L A Y

O O O - O O l A l l 4 8 . 6 3 7 . 6 1 3 . 8 1 . 4 1 . 4
0 0 1 - 0 0 2 A I 2 5 1 . 1 3 5 . 2 1 3 . 7 1 . 3 1 . 9
0 0 2 - 0 0 5 A I 3 4 5 . 4 3 6 . 4 1 8 . 2 . 6 1 . 1
0 0 5 - 0 1 0 C l 4 9 . 9 3 4 . 5 1 5 . 6 1 . 2 . 9
0 1 0 - 0 5 0 C 2 4 5 . 9 3 6 . 8 1 7 . 3 . 5 1 . 0
0 5  0 - 1  O O C 3 5 5 . 0 3 1 . 7 1 3 . 3 . 6 . 8
1 0 0 - 1 5 3 C 4

C O A L
3 2 . 7 4 8 . 1 1 9 . 2 . 9 . 3

2 . 2 2 6 . 3 1 7 . 3 1 9 . 8 1 7 . 8 3 1 . 3 . 8 7
2 . 7 2  8 .  I 1 7 . 1 1 6 . 3 1 8 . 9 3 4 . 0 . 6 4
2 . 1 2 7 . 3 1 4 . 3 1 7 . 9 1 8 . 5 3 1 . 1 . 4 7
1 . 8 3 1 . 0 1 5 . 0 1 8 . 4 1 6 .  I 3 4 . 9 . 5 5
1 . 9 2 8 . 6 1 3 . 9 1 6 . 5 1 8 . 3 3 2 . 0 . 7 3
2 . 2 3 4 . 8 1 6 . 6 1 7 . 0 1 4 . 7 3 8 . 4 1 . 0 0
1 . 0 1 3 . 7 1 6 . 8 2 4 . 9 2 3 . 2 1 5 . 9 . 6 9

O F D T H  ( P A R T I C L E  S I Z r A N A L Y S I S ,  M M ,
V O L .  I -  
G T  G T
2  7 5
P C T  P C T

W E I G H T  
7 5 - 2 0  2 0 - 5  5 - 2

I- - - - - P C T  L T  7 5 - - - -

L T
. 0 7 4

20-2
P C T

( B U L K  D E N S I T Y  I (- - - - - - W A T E R C O N T E N T -  - -  - I  C A R B O N A T E I -  - P H -  -  I
4 A 1 D 4 A  I H  4 0 1  4 8  I C 4 B 1 C 4 B 2 4 C 1 6 : 1 B 3 A 1  A B C l A B C l E
1 / 3 - O V E N  C O l E  I /  10 1 / 3 - 1 5 - W P D I T L T 1 / 1 1 / 2
B A P D P Y  B A P B A R B A R C M / 2 . 0 0 2 H 2 0 C A C l
G Z C C G Z C C  P C T P C T P C T C M P C T P C T

1 . 2  A 1 2 . 0 7 7 . 6 7 . 3000-001
001-002

O
T P

0 0 2 - 0 0 5 8 O 2 7 3 1 0 1 . 5 5 1 . 6 2 . 0 1 4 1 8 . 1 8 . 6 . 1 4
0 0 5 - 0 1 0 1 0 O O 7 9 16 1 . 7 0 1 . 7 4 . 0 0 7 1 5 .  8 8 . 6 . 1 1
0 1 0 - 0 5 0 9 O O 7 9 1 6 1 . 4 0 1 . 4 4 . 0 0 9 2 0 . 4 1 2 . 6 . 1 0
0 5 0 - 1  0 0 1 2 O O I l 1 2 2 3 1 . 3  A 1 3 . 3
1 0 0 - 1 5 3 6 O O 8 6 1 4 1 . 1 9 1 . 2 5

1 . 2 1
. 0 1 6 2 4 . 0 1 3 . 3 . 1 2

9
121110

7 . 7  7 . 4
7 . 9  7 . 2
9 . 0  7 . 4
7 . 6  7 . 3
7 . 5  7 . 3
7 . 6  7 . 2
6 . 0  5 . 8

D E P T H  ( O R G A N I C  M A T T E R  ) I R O N
6 A 1 A 6  B I  A C Z N  6 C 2 B
O R G N N I T G E X T
C A P B F E

C M P C T P C T P C T

P H C S ( - - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - ) A C T Y A L ( C A T F X C H ) R A T  IO P A T  IO C A ( B A S E S A T )
6 N 2 E  6 0 2 0 6 P 2 B 6 0  2 B 6 H I A 6 G 1 E 5  A 3  A 5  Afc A B D l 8 D 3 5 F I 5 C 3 5 C 1

T O T L C A  M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H A C
E X T B T E A E X T A C T Y T O T O N H A C A C T Y

P C T  ( -  - M E O Z 1 0 0 G -  - ■ - - - I I C L A Y M G P C T P C T P C T
0 0 0 - 0 0 1 5 . 1 1 . 3 3 3 1 5 8 . 2 T R 1 . 2
0 0 1 - 0 0 2 5 . 0 1 . 2 1 3 2 4 8 . 4 T R . 8
0 0 2 - 0 0 5 4 . 1 6 . 1 4 5 2 9 9 . 5 T R . 6
0 0 5 - 0 1 0 2 . 8 3 . 0 9 2 3 1 1 0 . 9 . 3 . 6
0 1 0 - 0  5 0 5 . 9 4 . 1 2 9 4 6 1 6 . 2 1 . 1 . 2
0 5  0 - 1 0 0 5 . 5 2 . 1 3 1 4 2 2 1 . 2 . 6 . 2
1 0 0 - 1 5 3 5 . 2 8 . 1 3 1 4 0 1 9 . 4 . 1 . 2

2 4 . 9
2 2 .8
2 1 . 9  
1 7 . 7
3 0 . 5  
3 4 . 0
3 9 . 5

1 . 8 0
1 . 6 6
1.20
1 . 1 3
1 . 7 6  
2 . 5 7
1 . 7 7

1 3 . O B . 9 5 9  1 4 . O C

D E P T H  II S A T U R A T E D  P A S T E  I N A N A S A L T G Y P
8 = 1  8 C  I B B A 5 0 2 5 E 8 0 5 6 F 1 A
R E S T P H H 2 0 E S P S A R T O T L
O H M - S O L U

C M C M P C T P C T P P M P C T

0 0 0 - 0 0 1 6 . 8 6 3 . 2 2 0 0 0 O
0 0 1 - 0 0 2 7 . 5 4 3 . 2 6 2 0
0 0 2 - 0 0 5 7 . 5 4 1 . 0 4 2 0
0 0 5 - 0 1 0 7 . 6 4 0 . 0 I 2 4 3 0
0 1 0 - 0 5 0 7 . 2 4 0 . 9 2 4 I l O O
0 5 0 - 1 0 0 8 3 0 7 .  I 4 1 . 3 I 2 1 9 0 0 O
1 0 0 - 1 5 3 2 2 0 0 7 . 3 4 3 . 7 5 1 0

5 . 9 1 2 2 . 0 I 1 0 0 0

8 A I A  6 N I B  
E C  C A  

M M H O S /
C M  I -  -

6 3 1 8
M G

S A T U R A T I O N  E X T R A C T  8 A 1 - - -  - - - - - - - - - - - - - -
6 P I B  6 0 I B  6 1 I A  6  J l  A  6 K 1 C  6 L 1 C  6 M 1 C  
N A  K  C 0 3  H C 0 3  C L  S 0 4  N O 3

M E O  Z L I T E R

1 . 8 0
1 . 3 1
1 . 4 7
3 . 4 8  
4 . 9 6  
1 . 5 1  
1.11

2 9 . 1 1 5 . 1 . 6 4 . 6 . 0 3 . 8 3 . 9 3 . 2 . 0
1 4 . 0 6 . 3 . 2 1 . 9 . 0 1 4 . 1 2 . 5 1 . 4 . 0
9 . 3 4 . 9 . 7 1 . 1 . 0 1 0 . 6 1 . 4 1 . 5 . 0
6 . 7 4 . 8 4 . 2 1 . 0 . 0 5. I 4 . 2 5 . 8 . 0

1 4 . 6 1 2 . 4 1 3 . 5 . 3 . 0 3 . 5 1 9 . 1 2 1 . 2 . 0
2  9 . 9 3 1 . 3 8 . 7 . 2 . 0 2 . 5 2 8 . 6 3 8 . 1 . 0
7 . 9 8 . 8 1 . 4 . 1 . 0 3 . 5 3 . 9 9 . 6 . 0
4 . 4 6 . 6 2 . 0 . 2 . 0 5 . 3 1 . 0 3 . 9 TP

I A T T E R B C R G  
4 F 1  4 F 2
L Q I O  P L S T  
L M I T  I N D X  

) P C T

( A l  E S T I M A T E
( B I  O R G A N I C  C A R B O N  F C P  C O A L  S A M P L E  O N  < 0 . 2 5  M M  M A T E R I A L  ■ 3 5 . 4  P E R C E N T  A N D  O N  T H E  < 0 . 0 0 2  M M  M A T E R I A L  = 3 7 . 0  P E R C E N T .  
( C l  F F  F O R  T H E  < 0 . 2 5  M N  M A T E R I A L  ■  O  P E R C E N T ■
( 0 1  A C I D I T Y  F O R  T H E  < 0 . 2 5  M M  M A T E R I A L  ■  3 1 . 7  M e Q  P E P  1 0 0  G .
( F )  A L  F O R  T H F  < 0 . 2 5  M M  M A T E R I A L  -  O  P E R C E N T .
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Laboratory analysis of 1969 new spoil (Site No. 14).

S O I L  C I A S S I F I C A T I O N -

S P f l i F S - - - - - - - - - - - - - - F E C L A I  H E O  M I N E  S P O I L

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 1 4  C O U N T Y  - - - - -  R O S E B U D

G E N E R A L  M E T H O D S - - - - - I A f I B l B f 2 A l f 2 B  S A M P L E  N O S .  7 6 P 0 6 5 4 - 7 6 P 0 6 6 5

J .  S .  D E P A =  T M = N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N  I

C M

S A N D
2 -
. 0 5

I - - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

O O O - O O l A l l 4 9 . 5 3 5 . 9 1 4 . 6
0 0 1 - 0 0 2 A I 2 5 2 . 2 3 4 . 0 1 3 . 8
0 0 2 - 0 0 5 A I 3 5 6 . 0 2 8 . 6 1 5 . 4
0 0 5 - 0 1 0 C l 6 0 . 2 2 9 . 6 1 0 . 2
0 1 0 - 0 5 0 C 2 7 8 . 7 1 6 . 0 5 . 3
0 5 0 - 1 O O C 3 8 1 . 4 1 3 . 7 4 . 9
1 0 0 - 2 0 0 C 4 8 6 . 6 5 . 3 8. I
0 0 0 - 0 0 5 I A)
- - - - - - -  C O A L
- - - - - - -  C O A L
- - - - - -   C O A L
- - - - - - -  C O A L

----------- -  -  PAR TICLE S l z e 7 A N A L T S IS ,  LI ZNN,  3 A 1 ,
F IN E  J — — — -  -  SAND — — — — — — ) | — -  - S I L T -  
CLAY VCOS COPS MFCS FNES VFNS COSI FNSI
L T  2 -  I -  . 5 -  . 2 5 -  . 1 0 -  . 0 5  . 0 2

. 0 0 0 2  I . 5  . 2 5  . 1 0  . 0 5  . 0 2  . 0 0 2
------------------------- -------------------PCT LT  2MM ---- --------------------------------

. 4 1 . 3 2 . 6 2 8 . 7 1 6 . 5 1 2 . 2 2 3 .  7

. 3 . 9 2 . 4 3 3 . 6 1 5 . 0 1 2 . 9 2 1 . 1
. 3 . 8 2 . 1 3 6 . 5 1 6 . 3 7 . 3 2 1 . 3
. 4 1 . 1 2 . 7 4 3 . 5 1 2 . 5 1 1 . 3 1 8 .  3
. 1 . 4 4 . 9 5 9 . 7 1 3 . 6 4 . 2 1 1 . 8
T R . 2 3 . 4 6 5 . 5 1 2 . 3 3 .  8 9 . 9

5 . 4

3 A 1  A, 3  A I B
- - - - - I F A M L
V F S I  T E X T  
. 0 0 5 -  S A N D  
.002 2-.I

3 3 . 0  
3 7 . 2
3 9 . 7
4 7 . 7
6 5 . 1
6 9 . 1  
7 1 . 5

I N T R  F I N E  
I I C L A Y  

. 2 -  T O  

. 0 2  C L A Y  
-  - I  P C T

-  -  I P A T I O  
N O N -  8 Dl 
C 0 3 -  1 5 -
C L A Y  B A O  

T O
P C T  C L A Y

1 . 3 2  
. 6 1  
. 4 1  
. 6 5  
. 4 7  
• •»7 
. 3 7

D E P T H  ( P A R T I C L E  S I Z E  A N A L Y S I S ,  M M ,  3 B ,  3 B I ,  3 B 2 1 I B U L K  D E N S I T Y  H - - - - - - - W A T  = Q C O N T E N T
V O L .  I - - - - - - - - - - - - - - W E I G H T - - - - - - - - - - - - - - - J 4 A  I D  4 A I H  4 0 1  4 B 1 C  4 B 1 C  4 B 2  4 C 1
G T  G T  7 5 - 2 0  2 0 - 5
2  7 5

C M  P C T  P C T  I - - - - - P C T  I

O O O - O O l 2 O O I
0 0 1 - 0 0 2 2 O O I
0 0 2 - 0 0 5 2 O O 2
0 0 5 - 0 1 0 5 O I 5
0 1 0 - 0 5 0 I O O I
0 5 0 - 1 0 0 2 O O 2
1 0 0 - 2 0 0
0 0 0 - 0 0 5

6 O 4 3

5 - 2 L T 2 0 - 2 1 / 3 - O V E N
. 0 7 4 P C T B A R D R Y

T  7 5  - -  -  I L T 2 0 G / C C G / C C

2 3 1 . 2  B
2 3 1 . 3  B

1 4 1 6 1 . 3  B
4 9 1 . 3 8 1 . 4 7

T R I 1 . 6 6 1 . 6 7
I 3 1 . 6  R
2 5 1 . 4 7 1 . 4 8

1 . 3 0 1 . 3 9

C O l E 1 / 1 0

P C T

1 / 3 -
B A =
P C T

1 5 -
P A P
P C T

W R D
C M /
C M

. 0 2 0 1 6 .  5

1 9 .  3 
8 . 4  
6 . 3  
6 .  6 . 1 3

. 0 0 2 9 . 4 2 . 5 . 1 1

. 0 0 2 9 . 9
2 . 3
3 . 0 . 1 0

. 0 2 3 1 8 . 3

C A R B O N A T E I -  - P H *  " I
6 =  I B 3 A I A 8 C  I A S C  IE
L T L T 1 / 1 1 / 2

P C T
. 0 0 2
P C T

H z n C A C L

1 0  7 . 4  6 . 9
1 1  7 . 3  7 . 1
1 2  7 . 3  7 . 2
3 7 . 2  7 . 1

1 0  8 . 0  7 . 7
1 1  8 . 1  7 . 6
1 0  7 . 9  7 . 6

D E P T H  ( O R G A N I C  M A T T F R  ) I R O N  P H O S  (
6  A l  A 6  BI A C / N 6 C 2 B
O R G N N I T G E X T T O T L
C A R B F E

C M P C T P C T P C T P C T  (

O O O - O O l 6 . 2 6 . 2 9 9 2 1
0 0 1 - 0 0 2 2 . 6 3 . 1 1 0 2 4
0 0 2 - 0 0 5 1 . 0 2 . 0 6 8 2 7
0 0 5 - 0 1 0 2 . 4 3 . 0 8 2 3 0
0 1 0 - 0 5 0 . 2 6 . 0 1 8 1 4
0 5 0 - 1 0 0 . 2 7 . 0 1 3 2 1
1 0 0 - 2 0 0
0 0 0 - 0 0 5

. 4 6 . 0 2 1 2 2

- - - = X T R A C T A B l E  B A S E S  5 R 4 A - - - 1 A C T Y  A L
6 N 2 E  6 0 2 0  6 P 2 B  6 0 2 B  6 H I A  6 C  IF
C A  M G  N A  K  S U M  B A C L  K C L  

E X T B  T E A  E X T  
■ - - - - - - - - - - - - - - --  -  - M E O  /  1 0 0  G - - - - - - -

5 . 4  T R  . 6
4 . 8  . 0  . 3
4 . 7  T R  . 2
4 . 8  T R  . I
4 . 6  T B  . 1
3 . 7  T P  . 1
4 . 3  T R  . 1

( C A T E X C H ) P A T I O R A T I O C A ( B A S E S A T l
5 A 3 A 5 A 6 A 8 0 1 8 0 3 5 F I 5 0 5 C  I
c X T B N H A C N H A C C A S A T E X T B N H A C
A C T Y T O T O N H A C A C T Y

I C L A Y M G P C T P C T P C T

2 4 . 3
1 2 . 3  . 8 9
*>.1 . 5 9

1 3 . 3  1 . 3 0
3 . 4
2 . 5  . 5 1
3 . 8

D E P T H I S A T U P A T = O  IP A S T E ) N A N A S A L T G Y P
S E  I B C l B 8  A 5 0 2 5 F 8 0 5 6 F  IA
P F S T P H H 2 0 E S P SAfi T D T L
O H M - S O L U

C M C M P C T P C T P P M P C T

0 0 0 - 0 0 1 6 . 7 8 7 . 0 2 0 0 0 O
0 0 1 - 0 0 2 6 . 8 4 0 . 1 9 7 0 O
0 0 2 - 0 0 5 6 . 8 3 6 . 0 I l O O O
0 0 5 - 0 1 0 6 . 6 3 4 . 5 9 9 0
0 1 0 - 0 5 0 7 . 4 2 8 . 4 9 7 0 O
0 5 0 - 1 0 0 2 2 0 0 7 . 6 2 8 . 6 5 6 0
1 0 0 - 2 0 0
0 0 0 - 0 0 5

1 5 0 0 7 . 4 2 7 . 8 8 9 0 O

( - - - --  -  - - - - - - - - - S A T U R A T I O N  E X T R A C T  8 A I -  -- - - - - - - - - -  •
B A l A  6 N 1 B  6 0 I B  6 P I B  6 Q 1 B  6 T I A  6 J l A  6 K 1 C  6 L 1 C  
E C  C A  M G  N A  K  C 0 3  H C O B  C l  $ 0 4  

M M H O S /
C M  I - - - - - - - - - - - - - - - - - - M E O  / L I T E R - - - - - - - - - - - - - - - -

2 . 5 0 2 5 . 1 8 . 5 . 1 1 . 8 . 0 1 3 . 4 . 6 1 7 . 6
2 . 6 5 2 7 . 4 9 . 3 . 0 1 . 1 . 0 6 . 8 . 9 2 6 .  8
2 . 9 9 3 5 . 4 9 . 5 . I 1 . 0 . 0 6 . 1 . 8 3 8 . 6
2 . 9 8 3 3 . 5 1 0 . 5 . I . 6 . 0 4 . 2 . 6 4 5 . 0
3 . 3 7 2 6 . 6 2 6  • 4 . 2 . 4 . 0 2 . 0 . 2 5 6 . 5
2 . 1 9 1 2 .  7 1 7 . 3 . 3 . 3 . 0 . 4 . 3 3 1 . 3
3 . 1 7 2 4 . 8 2 4 . 0 1 . 1 . 3 . 0 I. I . 3 5 1 . 6

-  -  I A T T E P 3 F R G  
6 M 1 C  4 F 1  4 F 2
N O 3  L O I D  P L S T

L M I T  I N D X  
- - - I P C T

.0

.0

.0

.0

.0

.0

.0 N P

( A l  C L O D  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F Q R  B U L K  D E N S I T Y  A N C  M O I S T U R E  R E T E N T I O N .  
( B I  E S T I M A T E
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Table 60. Laboratory analysis of 1970 new spoil (Site No. 15).

S O I L  C L A S S I F I C A T I O N -

S E R I E S  - - - - - - - - - - - - - - R E V E G E T A T E D  M I N E  S P O I L

S O I L  N O  - - - - -  -  S 7 6 M T - 0 8 7 - 1 5  C O U N T Y  -  -  -  R O S E B U D

G E N E R A L  M E T H O D S - - - - - I A ,  I B I B t  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 6 6 6 - 7 6 P 0 6 7 *

U .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,  3 A 1 , 3 A 1 A ,  3 A 1 B - - - - - - - - - - - - - - - - - - - - ! R A T I O
F I N E  I - - - - - - - - -  S A N O  -  - - - - - - - --  H -  -  - S l L T - - - - - - - ) F A M L  I N T R  F I N E  N O N -  B D l

C M

S A N D
2 -
. 0 5

I - - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

C L A Y
L T

. 0 0 0 2

V C O S
2 -
1

C O R S
1 -
. 5

M F P S  
• 5 -  
. 2 5

F N E S  V F N S  
• 2 5 -  . 1 0 -
. 1 0  . 0 5
L T  2 M M  -  -

C O S I
. 0 5
. 0 2

F N S I
. 0 2
. 0 0 2

V F S I
. 0 0 5 -
. 0 0 2

T E X T  
S A N D  
2 - . I

I I 
. 2 -  
. 0 2

C L A Y
T O

C L A Y  
I P C T

C O T -
C L A Y

P C T

1 5 -
B A P
T O

C L A Y
O O O - O O l A l l 7 8 . 4 1 5 . 6 6 . 0 . 2 . 6 2 . 1 5 4 . 2 2 1 . 3 1 2 . 0 3 . 6 5 7 . 1 I .  72
0 0 1 - 0 0 2 A 1 2 8 1 . 4 1 2 . 7 5 . 9 T R . 2 1 . 5 5 3 . 0 2 6 . 7 9 . 5 3 . 2 5 4 . 7 . 7 1
0 0 2 - 0 0 5 A l  3 5 6 . 0 3 6 . 3 4 . 9 . 1 . 2 . « 3 7 . 0 1 8 .  6 3 2 . 2 b .  I 3 8 . 2 . 6 7
0 0 5 - 0 1 0 C l 6 5 . 9 2 6 . 0 8. I . 2 . 3 1 . 5 4  0 . 9 2 3 . 0 1 1 . 4 1 4 . 6 4 2 . 9 . 3 6
0 1 0 - 0 5 0 C 2 6 0 . 4 3 0 . 3 9 . 3 . 2 . 6 3 . 1 3 7 . 9 1 8 . 6 1 2 . 1 1 8 . 2 4 1 . 8 . 3 6
0 5 0 - 1 0 0 C 3 7 1 . 2 2 1 . 5 7 . 3 . 2 . 5 3 .  5 4 6 . 2 2 0 . 8 8 . 6 1 2 . 9 5 0 . 4 . 4 5
1 0 0 - 2 0 0 C A 6 6 . 2 2 7 . 3 6 . 5 . 2 . 7 2 . 6 3 8 . 2 2 4 . 5 1 6 . 8 1 0 . 5 4 1 . 7 . 5 5
1 0 0 - 2 0 0 S H A L E 7 . 9 6 4 . 4 2 7 . 7 1 . 4 2 .  I 1 . 0 2 . 1 1 . 3 6 . 1 5 8 . 3 6 . 6
1 0 0 - 2 0 0  S H A L E

D F P T H  I! P A R T I C L E  S I Z E  A N A L Y S I S , M M , 3 B ,  3 8 1 , 3 6 2 )  1 B U L K  D E N S I T Y I I - - - - - - - W A T E R  C O N T E N T - - - - - - - ) C A R  B O N A T F I - - - P H -  - I
V O L . I - - - I  4 A  I D 4 A  I H 4 0 1 4 8 1 C 4 5  IC 4 8 2 4 C  I 6 E 1 B 3 A l  A B C l A e c i E
G T G T 7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2 1 / 3 - O V f N C O L E 1 / 1 0 1 / 3 - 1 5 - W P D L T L T 1 / 1 1 / 2
2 7 5 . 0 7 4 P C T B A R D R Y B A P P A R B A P C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T I- - - - - P C T  L T 7 5 L T 2 0 G / C C G / C C P C T P C T P C T C M P C T P C T
0 0 0 - 0 0 1 0 O O 0 O O 1 0 . 3 6 7 . 3 7 . 1
0 0 1 - 0 0 2 T P O O O T P T R 4 . 2 P 8 . 0 7 . 5
0 0 2 - 0 0 5 I O O I T R I 1 . 3  A 3 . 3 9 8 . 1 7 . 5
0 0 5 - 0 1 0 2 O O 2 I 3 1 . 4  A 2 . 9 1 2 8 . 3 7 . 6
0 1 0 - 0 5 0 I O O T P I I 1 . 6  A 1 . 7 0 . 0 7 1 9 . 6 3 . 5 . 0 8 1 5 8 . 3 7 . 3
0 5 0 - 1  0 0 5 O T R 3 5 8 1 . 5  A 3 . 3 1 5 8 . 5 7 . 7
1 0 0 - 2 0 0 2 O O I 3 4 1 . 6 5 1 . 6 7 . 0 0 4 1 0 . 5 3 . 6 . 1 1 1 6 8 . 4 7 . 7
1 0 0 - 2 0 0
1 0 0 - 2 0 0 1 . 2 8 1 . 3 8 . 0 2 5

D E P T H  ! O R G A N I C M A T T E R I I R O N P H O S  I - - - E X T R A C T A B L E  B A S E S  5 8 4 A -  - ) A C T Y A L ( C A T E X C  H) 0 A T I O R A T I O C A ( B A S E S A T )
6 A 1 A 6  BI A C / N 6 C 2 9 6 N 2 E  6 0 2 0 6 P 2 B 6 0  2 B 6 H  I A 6 G 1 E 5 A 3 A 5 A 6 A 8 D I 8 D 3 5 F I 5 C 3 S C  I
O R G N N I T G E X T T O T L  C A  M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H A C
C A R B F F E X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T  | - - - - - - - - - - - - - / 1 0 0 G -  - - -  -  II  C L A Y M G P C T P C T P C T

O O O - O O l 2 . 2 4 . 1 7 8 1 3 2 . 7 T R 1 . 3 6 . 7 I. 10
0 0 1 - 0 0 2 . 8 3 . 0 8 1 1 0 2 . 5 T P . 4 4 . 4 . 7 5
0 0 2 - 0 0 5 . 8 0 . 0 5 5 1 5 2 . 9 T P . 3 4 . 2 . 8 5
0 0 5 - 0 1 0 . 3 0 . 0 2 3 1 3 3 . 8 T P . I 3 . 1 . 3 8
0 1 0 - 0 5 0 . 1 6 . 0 1 8 9 4 .  7 . 0 . 1 3 . 4 . 3 7
0 5 0 - 1  0 0 . 1 1 . 0 1 6 6 4 . 6 . 0 .1 2 . 7 . 3 7
1 0 0 - 2 0 0 . 1 3 . 0 1 8 7 5 . 4 T R TP 3 . 0 . 4 6
1 0 0 - 2 0 0
1 0 0 - 2 0 0

. 2 4 . 0 2 1 11

D E P T H  ( S A T U R A T E D  P A S T E ) N A N A S A L T G Y P I - - - - - S A T U R A T I O N E X T R A C T B A  I - - - - I A T T E R B E R G
B F l  IB C l B B A 5 0 2 SE 8 0  5 6 F  U 8 A I A 6 N 1 B 6 0 1 8 6 P 1 B 6 0 1  P 6 1  I A 6  J I A 6 K 1 C 61 I C 6 M 1 C 4 F 1 4 F 2
R E S T P H H 2 0 E S P S A R T O T L E C C A M G N A C O  3 H C 0 3 C l S 0 4 N 0 3 L Q l D P L S T
O H M - S O L U M M H O S / L M I T I N D X

C M C M P C T P C T P P M P C T C M  II - - - - - M E O / L I T E R I P C T

O O O - O O l 6 . 4 5 8 . 7 2 0 0 0 O 3 . 3 4 3 3 . 7 1 0 . 6 . 1 9 . 8 . 0 1 . 5 4 .  I 2 . 5 . 0
3 0 1 - 0 0 2 7 . 3 3 8 . 3 4 5 0 1 . 5 0 1 2 . 6 3 . 9 . I 1 . 7 . 0 1 3 . 0 1 . 1 . 6 . 0
0 0 2 - 0 0 5 7 . 3 3 2 . 5 3 3 0 1 . 2 6 1 0 . 5 4 . 2 . I 1 . 1 . 0 9 . 5 . 7 1 . 0 . 0
0 0 5 - 0 1 0 7 . 6 2 6 . 8 1 3 0 . 6 9 4 . 8 2 . 2 .1 . 6 . 0 4 . 7 . 4 . 6 . 0
0 1 0 - 0 5 0 . 2 0 8
0 5 0 - 1 0 0 7 2 0 0 8 . 3 . 2 0 8
1 0 0 - 2 0 0
1 0 0 - 2 0 0
1 0 0 - 2 0 0

3 0 0 0 8 . 1 2 9 . 9 I 2 9 0 1 . 3 0 4 . 2 9 . 3 1 . 3 . 3 .0 1 . 1 . 6 1 4 . 5 . 0 2 1 3  C

( A )  E S T I M A T E
I B )  1 1 2  S I O L  W A T b R  R A T I O
I C I  B Y  S O I L  M E C H A N I C S  L A B O R A T O R Y ,  U S O A , L I N C O L N ,  N E .
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Table 61. Laboratory analysis of 1972 new spoil (Site No. 13).

SOIL CLASSIFICATION-
S E R I E S  - - - - - - - - - - - - - - R E V E G E T A T E D  M I N E  S P O I L

S O I L  N O - - - - - - - - - --  S 7 6 M T - 0 8 7 - 1 3  C O U N T Y - - - - - R O S E B U D

LI. S .  D E P A R T M E N T  C F  A G P I  C l A  T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N R p R A S K A

G E N E R A L  M E T H O D S - - - - - 1 A, 1 B 1 B ,  2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 6 4 6 - 7 6 P 0 6 5 3  I

D E P T H  H O R I Z O N  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,  3 A 1  , 3 A 1 A ,  3 A 1 B - - - - - - - - - - - - - - - - - - - - I R A T I C
R I N c I - - - - -  S A N O  - - - - - -  I ( - - - - S I L T - - - - - - - - 1 F A M L  I N T R  F I N E  N O N -  8 0 1

C M

S A N O
2 -
. 0 5

(- - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

C L A Y
L T

. 0 0 0 2

V C O S
2 -
1

C O P S
1 -
. 5

M R D S  
. 5 -  
. 2 5  
-  P C T

F N E S  V F N S  
. 2 5 -  . 1 0 -
. 1 0  . 0 5
L T  2 M M  -  -

C O S I
. 0 5
. 0 2

R N S I
. 0 2
. 0 0 2

V F S l
. 0 0 5 -
. 0 0 2

T E X T  
S A N O  
2 . 1

I I 
. 2 -
. 0 2  

- - - - - 1

C L A Y
T O

C L A Y  
I P C T

C O S -
C L A Y

P C T

1 5 -
B A R
T Q

C L A Y

0 0 0 - 0 0 1 A l  I 6 1 . 4 2 8 . 1 1 0 . 5 . 0 . 4 1 . 1 4 6 .  7 1 3 . 2 1 9 . 4 8 .  7 4 8 . 2 . 9 3
0 0 1 - 0 0 2 A l  2 7 9 . 1 1 1 . 1 9 . 8 . 1 . 4 1 . 8 6 0 .  I 1 6 . 7 5 . 4 5 . 7 6 2 . 4 . 3 8
0 0 2 - 0 0 5 A l  3 8 0 . 8 1 3 . 1 6 . 1 .1 . 5 1 . 8 6 3 . 8 1 4 . 6 4 . 1 9 . 0 6 6 . 2 . 6 2
0 0 5 - 0 1 0 A I 4 6 1 . 6 1 1 . 5 6 . 9 T R . 4 1 . 9 6 2 . 9 1 6 . 4 4 . 2 7. 3 6 5 . 2 . 5 1
0 1 0 - 0 5 0 C l 7 5 . 5 1 6 . 8 7 . 7 . 3 . 5 3 . 6 5 8 . 6 1 2 . 5 3 . 1 1 3 .  7 6 3 . 0 . 4 5
0 5 0 - 1 0 0 C 2 7 1 . 2 2 5 . 0 3 . 8 . 0 . 4 3 . 4 5 9 . 6 7 . 8 1 6 . 7 8 .  3 6 3 . 4 . 5 5
1 0 0 - 2 0 0  C 3  
0 0 0 - 0 0 5  I Al

D E P T H ( P A R T I C L E  S I Z E  A N A L Y S I S ,  M M t 3 B ,  3 8 1 , 3 8 2 ) I B U L K D E N S I T Y I (—  —  — - W A T E R C O N T E N T -  -  -  -I C A R B O N A T E ( -  - P H -  - I
V O L . I - - - - - - - - - - - - - - W E I G H T - - - - - - - - - - - -  - I 4 A  I O 4 A 1 H  4 0 1 4 8 1 C 4 B 1 C 4 8 2 4 C 1 6  E I B 3  A I A S C  I A S C  I E
G T G T  7 5 - 2 0  2 0 - 5  5 - 2  L T 2 0 - 2 1 / 3 - O V E N  C O L R 1 / 1 0 1 / 3 - 1 5 - W R O L T L T 1 / 1 1 / 2

C M
2
P C T

7 5  . 0 7 4
P C T  ( - - - - -  P C T  L T  7 5 - - - - - I

P C T
L T 2 3

B A R
G Z C C

D R Y
G Z C C

B A D
P C T

B A R
P C T

B A R
P C T

C M /
C M

2
P C T

. 0 0 2
P C T

H 2 0 C A C L

0 0 0 - 0 0 1 I O O O 2 2 1 . 2 8 9 . 8 T P 7 . 3 6 . 3
0 0 1 - 0 0 2 T R O O T R T R T H 1 . 4 P 3 .  7 3 7 . 8 7 . 3
0 0 2 - 0 0 5 T R O O TP T R T R 1 . 4 R 3 . 8 3 8 . 9 7. 3
0 0 5 - 0 1 0 TR O O T P T P TP 1 . 5 B 3 . 5 3 8 . 1 7 . 5
0 1 0 - 0 5 0 7 O O 7 4 11 1 . 5 B 3 . 5 I I 8 . 4 7. r
0 5 0 - 1 0 0 T R O O T R T R T R 1 . 5 P 2 .  I 1 2 8 . 5 7. 7
1 0 0 - 2  0 0  
0 0 0 - 0 0 5

T B O O I T P I 1 . 5
1 . 3 9

B
1 . 3 9  . 0 0 0

2 . 0 1 2 8 . 3 7 . 6

D E P T H  ( O R G A N I C  M A T T E R I I P O N P H O S ( -  - E X T R A C T A B L E  B A S E S  5 B 4 A - - - 1 A C T Y A L ( C A T E X C H I R A T I O P A T  I O C A ( B A S E S A T )
6 A l  A 6  B I  A C Z N 6 C 2 B 6 N 2 E  6 0 2 0 6 P 2 B 6 0 2 B 6 H 1 A 6 G l c 5 A 3 A 5 A 6 A 8 0 1 8 0 3 5 R  I 5 C 3 5 C 1
O R G N N f T G E X T T O T L C A  M G N A K S U M B A C L K C L E X T P N H A C N H A C C A S A T E X T B N H A L
C A R B F E E X T B T E A E X T A L T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T  ( -  - M E O / I O O G -  - • - - - I I C L A Y M G P C T P C T P C T

O O O - O O l 1 0 . 0 0 . 3 1 6 3 2 5 . 8 T R 1 . 1 5 . 2 2 4 . 9 2 . 3 7
0 0 1 - 0 0 2 1 . 7 2 . 0 7 8 2 2 2 . 5 T B . 5 7 . 0 . 7 1
0 0  2 - 0 0 5 1 . 0 7 . 0 6 7 1 6 2 . 4 T R . 4 6 . 1 I . 0 0
0 0 5 - 0 1 0 . 5 4 . 0 5 3 1 0 2 . 3 . 0 . 3 5 .  I . 7 4
0 1 0 - 0 5 0 . 1 2 . 0 1 3 9 3 . 9 . 0 . I 3 . 7 . 4 8
0 5 0 - 1 0 0 . 0 5 . 0 0 6 8 2 . 9 .0 .1 2 . 3 . 6 1
1 0 0 - 2 0 0 . 0 7 . 0 0 5 1 4 2 . 9 T R TP 2 . 2
0 0 0 - 0 0 5

D E P T H  ( S A T U R A T E D  P A S T E ) N A N A S A L T G Y P I - - - I E X T R A C T B A l - - - - I A T T E F B E P G
S E  I 8 C 1 B B A 5  0 2 5 F 8 0 5 6 F 1 A B A  I A 6 N I B 6 0  I B 6 P  IB 6 0  I B 61 IA 6  J I A 6 K  IC 6 L 1 C 6 M 1 C 4 F I 4 F 2
R E S T R H H 2 n E S P S A R T O T L E C C A M G N A K C 0 3 H CC J3 C L S 3 4 N O  3 L Q l D P L S T
O H M - S O L U M M H O S  / L M I  T I N D X

C M C M P C T P C T P P M P C T C M  I - M E O / L I T E R I P C T

O O O - O O l 6 . 7 6 0 . 5 I l O O 2 . 0 9 1 5 . 0 8 . 4 . 1 4 . 0 . 0 1 8 . 4 1 . 9 2 . 0 . 0
0 0  1 - 0 0 2 7 . 3 3 3 . 9 2  4 0 . 9 5 7 . 0 2 . 6 . 1 1 . 4 . 0 7 . 2 . 9 . 7 . 0
0 0 2 - 0 0 5 7 . 4 3 1 . 5 2 4 0 1 . 0 1 7 . 8 2 . 9 .1 1 . 1 . 0 7 . 8 1 . 1 . 7 . 0
0 0 5 - 0 1 0 7 . 8 3 1  . 0 1 2 0 . 5 6 3. 8 1 . 7 . 0 . 5 . 0 4 . 2 . 3 . 3 . 0
0 1 0 - 0 5 0 • 2 0 C N P
0 5 0 - 1 0 0 6 1 0 0 8 .  I • 2 0 C
1 0 0 - 2 0 0
0 0 0 - 0 0 5

3 2 0 0 8 . 0 2 8 . 8 I 2 8 0 1 . 3 4 6 . 3 6 . 6 2 . 2 . 3 . 0 . 8 . 7 1 6 . 7 . 0

I A l  C L O O  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F O R  B U L K  D F N S I v Y  A N D  M O I S T U R E  R E T E N T I O N .
( B I  E S T I M A T E
( C l  H 2  S O I L  W A T E R  P A T I O
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Table 62 Laboratory analysis of 1973 new spoil (Site No. 12)
SOIL CLASSIFICATION-
S E R I E S  - - - - - - - - - - - - - - R E V E G E T A T E D  M I N E  S P O I L

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 1 2  C O U N T Y  - - - - -  R O S E B U D

U .  S. D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

G E N E R A L  M E T H O D S - - - - - L A ,  1 B 1 B ,  2 A I ,  2 B  S A M P L E  N O S .  7 6 P 0 6 3 5 - T 6 P 0 6 4 5

D E P T H  H O R I Z O N  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P A R T I C L E  S I Z E  A N A L Y S I S ,  L T  2 M M ,  3 A 1 ,  3 A I A ,  3 A 1 B - - - - - - - - - - - - - - - - - - - - ! R A T I O

C M

S A N D
2 -
. 0 5

I - - - - -

S I L T
. 0 5 -
. 0 0 2

C L A Y
L T

. 0 0 2

F I N E  I 
C L A Y  
L T

. 0 0 0 2

I -  -  
V C O S  
2 -  
1

C O R S
1 -
5

S A N D  -  
M E D S  
. 5 -  
. 2 5

F N E S
. 2 5 -
. 1 0
L T  Z M K

V F N S  
. 1 0 -  
. 0 5  
I - - -

I I - - - - -
C O S I
. 0 5
. 0 2

S I L T -
F N S I
. 0 2
. 0 0 2

- - - - - 1
V F S I
. 0 0 5 -
. 0 0 2

F A M L  
T E X T  
S A N D  
2 . I

I N T R
II

. 2 -

. 0 2

F I N E
C L A Y
T O

C L A Y
P C T

N O N -
C 0 3 -
C L A Y

P C T

8 0 1
1 5 -
B A R
T O

C L A Y

O O O - O O l A l l 5 6 . 1 3 1 . 9 1 2 . 0 1 . 3 1 . 1 3 . 6 3 6 .  I 1 4 . 0 1 0 . 7 2 1 . 2 4 2 . 1 1 2 . 8 1
0 0 1 - 0 0 2 A 1 2 6 A . 6 2 4 .  A 1 1 . 0 . 3 . 8 2 . 8 A 3 . 6 1 7 . 1 6 . 0 1 8 . 4 4 7 . 5 11 . 4 5
0 0 2 - 0 0 5 A l  3 5 8 . 8 2 8 . 2 1 3 . 0 . 4 . 7 2 . 7 A O .  8 1 4 . 2 6 .  3 2 1 . 9 4 4 . 6 1 3 . 3 8
0 0 5 - 0 1 0 A l A 6 2 . 7 2 6 . A 1 0 . 9 . 2 . 3 2 . 4 4 2 . 5 1 7 . 3 7 . 4 1 9 . 0 4 5 . 4 1 1 . 5 5
0 1 0 - 0 5 0 C l 6 8 . 0 2 3 . 5 8 . 5 . 2 . 9 3 . 9 4 8 . 2 1 4 . 6 5 . 3 1 8 . 2 5 3 . 2 9 . 5 6
0 5 0 - 0 8 0 C 2 7 8 . 2 1 5 . 0 6 . 8 .1 . 2 1 . 7 4 9 . 8 2 6 . 4 1 1 . 4 3 . 6 5 1  .8 7 . 3 8
0 8 0 - 1 0 0 C 3 3 3 . 1 4 9 . 5 1 7 . A . 2 . 5 1 . 2 1 8 . 2 1 3 . 0 1 7 . 9 3 1 . 6 2 0 . 1 1 7 . 4 4
1 0 0 - 2 0 0 C A 8 1 . 0 1 2 . 5 6 . 5 . 1 . 4 3 . A 5 7 . 6 1 9 . 5 5 . 6 6 . 9 6 1 . 5 7 . 4 0
0 0 0 - 0 0 5  I A l

D E P T H ( P A R T I C L E  IS I Z E  A N A L Y S I S , M M ,  3 8 ,  3 8 1 , 3 8 2 ) (  B U L K  D E N S I T Y H - - - - - - - W A T E R C O N T E N T - - - - - - - - - I C A R B O N A T E ( -  - P H
V O L . -  W E I G H T  - - - - - - - I A A l D A A l H A D l A B I C A B I C 4 B 2 A C  I 6 E 1 B 3 A 1 A 8 C 1 A B C l E
G T G T 7 5 - 2 0 2 0 - 5 5 - 2  L T 2 0 - 2 1 / 3 - O V E N C O L E 1 / 1 0 1 / 3 - 1 5 - W R D L T L T 1 / 1 1 / 2
2 7 5 . 0 7 4 P C T B A R D R Y B A R B A R B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T ( - - - - - P C T  L T 7 5 - - - I L  T  2 0 G / C C G / C C P C T P C T P C T C M P C T P C T
0 0 0 - 0 0 1 2 0 2 I I 2 1 . 3  B 9 . 7 1 2 7 . 6 7 . 2
0 0 1 - 0 0 2 I 0 T R I I 2 1 . 5  B 4 . 9 1 3 7 . 8 7 . 3
0 0 2 - 0 0 5 2 0 O I 2 3 1 . 5  B 5 . 0 1 3 8 . 1 7 . 3
0 0 5 - 0 1 0 2 0 T R 2 2 4 1 . 6  B 6 . 0 1 4 8 . 2 7 . 6
0 1 0 - 0 5 0 1 0 O 9 3 4 7 1 . 7 1 1 . 7 5 . 0 0 7 9 . 8 4 . 8 . 0 8 1 3 TR 8 . 2 7 . 7
0 5 0 - 0 8 0 6 0 O 4 5 9 1 . 7  B 2 . 6 1 4 8 . 6 7 . 9
0 8 0 - 1 0 0 3 O O 4 I 5 1 . 7  B 7 . 6 1 6 T R 8 . 1 7 . 8
1 0 0 - 2 0 0 2 O O 2 I 3 1 . 6 9 1 . 7 1 . 0 0 4 8 . 6 2 . 6 . 1 0 1 3 8 . 4 7 . 8
0 0 0 - 0 0 5 1 . 5 0 1 . 5 7 . 0 1 5 1 5 . 7

D E P T H  ( O R G A N I C M A T T E R I I R O N P H O S I- - - E X T R A C T A B L E  B A S E S  5 B 4 A -  - I A C T Y A L ( C A T E X C H l R A T I O R A T I O C A ( B A S E S A T )
6 A 1 A 6 8 I A C / N 6 C 2 B 6 N 2 E  6 0 2 0 6 P 2 B 6 0 ?  B 6 H 1 A 6 G I E 5 A 3 A 5 A 6 A 8 D 1 8 0  3 5 F  I S C  3 S C  I
O R G N N I T G E X T T O T L C A  M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H A C
C A R B F E E X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T  I / 1 0 0 G -  - • -  -  I C L A Y M G P C T P C T P C T

0 0 0 - 0 0 1 2 . 4 2 . 1 6 6 1 5 4 . 7 T R . 7 8 .  I . 6 8
0 0 1 - 0 0 2 . 8 6 . 0 5 3 1 6 3 . 9 T R . 4 5 . 0 . 4 5
0 0 2 - 0 0 5 . 4 9 . 0 3 3 1 5 4 . 6 T R . 3 4 .  5 . 3 5
0 0 5 - 0 1 0 . 3 8 . 0 2 7 1 4 4 . 5 T R . 3 4 . 4 . 4 0
0 1 0 - 0 5 0 . 5 0 . 0 2 3 2 2 5 . 3 T R .1 4 . 6 . 5 4
0 5 0 - 0 8 0 . 0 9 . 0 1 4 6 4 . 1 T R . 1 3 . 0 . 4 4
0 8 0 - 1 0 0 . 3 5 . 0 2 4 1 5 7 . 0 T R . 2 4 . 6 . 2 6
1 0 0 - 2 0 0
0 0 0 - 0 0 5

. 0 9 . 0 0 9 1 0 3 . 7 T R .1 2 . 7 . 4 1

D E P T H ( S A T U R A T E D P A S T E ) N A
B E l 8 C 1 B B A 5 0 2
R E S T
O H M -

P H H 2 0 E S P

C M C M P C T P C T

N A S A L T G Y P ( - - - - -
S E 8 0 5 6 F  I A 8 A I A 6 N 1 B

S A R T O T L E C C A
S O L U M M H O S /
P P M P C T C M  II  -  -

-  - -  S A T U R A T I O N  E X T R A C T  8 A I  
6 0 I B  6 P 1 B  6 0 I B  6 1 I A  6 J 1 A  
M G  N A  K  C 0 3  H C 0 3

- - - - - - - - - - - - M E Q  /  L I T E R  -  -

- - - - - - - - - - - - - - - -  ; A T T E R B E R G
6 K 1 C  6 L 1 C  6 M 1 C  A F l  4 F 2
C L  S O A  N 0 3  L O I D  P L S T

L M I T  I N O X---------- I per
0 0 0 - 0 0 1 6 . 7 4 7 . 3 8 7 0 2 . 2 2 1 5 . 8 9 . 8 .1 3 . 2 . 0 2 0 . 4 . 8 2 . 2 . 0
0 0 1 - 0 0 2 6 . 8 3 6 . 7 4 3 0 1 . 4 2 9 . 1 7 . 2 . I 1 . 7 . 0 1 0 . 9 . 3 1 . 5 . 0
0 0 2 - 0 0 5 7 . 0 3 4 . 8 2 8 0 I . 0 8 6 . 1 4 . 8 . I 1 . 4 . 0 7 . 0 . 2 I .8 . 0
0 0 5 - 0 1 0 7 . 4 3 4 . 1 1 9 0 . 8 1 3 . 9 3 . 6 . 1 1 . 1 . 0 4 . 6 . 2 2 . 0 . 0
0 1 0 - 0 5 0
0 5 0 - 0 6 0

7 . 5 2 7 . 7 2  3 0 1 . 1 3
. 2 0 C

5 . 7 6 . 8 . 3 . 4 . 0 3 . 2 . 2 1 0 . 0 . 0

0 8 0 - 1 0 0 1 6 0 0 7 . 8 4 1 . 5 5 3 0 1 . 6 6 7 . 9 1 0 . 3 1 . 1 . 8 . 0 1 . 3 . I 1 9 . 6 1 . 5
1 0 0 - 2 0 0
0 0 0 - 0 0 5

3 0 0 0 8 . 0 2 9 . 1 2 7 0 1 . 3 1 5 . 6 7 . 8 . 9 . 4 . 0 . 9 . 2 1 2 . 7 2 .  I

I A l  C L O D  O F  A l l ,  A 1 2 ,  A N D  A 1 3  F O R  B U L K  D E N S I T Y  A N D  M O I S T U R E  R E T E N T I O N .
( B I  E S T I M A T E
( C l  1 * 2  S O I L  W A T E R  R A T I O
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Table 63. Laboratory analysis of 1975 new spoil (Site No. 11).

SOIL CLASSIFICATION-
S E R I E S  - - - - - - - - - - - - - - S E R I E S  N O T  D E S I G N A T E D

S O I L  N O  - - - - - - - - - - - -  S 7 6 M T - 0 8 7 - 1 1  C O U N T Y  - - - - -  R O S E B U D

G E N E R A L  M E T H O D S - - - - - I A t I B l B t 2 A 1 ,  2 B  S A M P L E  N O S .  7 6 P 0 6 2 5 - 7 6 P 0 6 3 4

U .  S .  D E P A R T M E N T  O F  A G R I C U L T U R E  
S O I L  C O N S E R V A T I O N  S E R V I C E ,  M T S C  
N A T I O N A L  S O I L  S U R V E Y  L A B O R A T O R Y  
L I N C O L N ,  N E B R A S K A

D E P T H  H O R I Z O N  (

S A N D
2-
. 0 5

C M  I -  -  -

O O O - O O l A l l 1 3 . 1
0 0 1 - 0 0 2 A l  2 7 5 . 7
0 0 2 - 0 0 5 A l  3 7 4 . 6
0 0 5 - 0 1 0 A l A 7 5 . 9
0 1 0 - 0 2 8 A l  5 7 5 . 7
0 2 8 - 0 5 0 C l 7 3 . 1
0 5 0 - 0 8 0 C 2 6 8 . 8
0 8 0 - 1 0 0 C 3 6 1 . 3
1 0 0 - 2 0 0 C A 7 4 . 6
0 0 0 - 0 0 5 ( A l

- - - - - - - - - -  P A R T I C L E  S I Z E  A N A L Y S I S ,
F I N E  I - - - - -  S A N D  —  —  —  —  —  —

S I L T C L A Y C L A Y V C O S C O R S M E D S F N E S V F N S
. 0 5 - L T L T 2 - I - . 5 - . 2 5 - . 1 0 -
. 0 0 2 . 0 0 2 . 0 0 0 2 I . 5 . 2 5 . 1 0 . 0 5

L T  2 N >

7 6 . 8 1 0 . 1 .1 . 2 . 5 5 . 0 7 . 3
1 5 . 0 9 . 3 .8 . 8 2 . 6 5 3 . 3 1 8 . 2
1 6 . 9 8 . 5 . 6 .7 2 . 9 5 2 . 1 1 8 .  3
1 6 . 4 7 . 7 5 . 6 2 . 6 5 5 . 2 1 7 . 0
1 5 . 4 8 . 9 . 5 . 5 2 . 7 5 3 . 8 1 8 . 2
1 9 . 2 7 . 7 . 2 . 6 3 . 0 5 3 . 5 1 5 . 8
2 2 . 7 8 . 5 .2 . 5 3 . 0 4 6 .  I 1 9 . 0
3 3 . 1 5 . 6 . 2 . 6 1 . 7 2 9 . 9 2 8 . 9
1 9 . 7 5 . 7 . 1 . 6 2 . 7 5 0 .  I 2 1 . 1

r 2 M M , 3 A 1 , 3 A 1  A , 3 A I B  - ! R A T I O
I- -  - S I L T - -  -  - I F A M L I N T R F I N E N O N - 8 D 1
C O S I F N S I V F S I T E X T II C L A Y C 0 3 - 1 5 -
. 0 5 . 0 2 . 0 0 5 - S A N D . 2 - T O C L A Y B A R
. 0 2 . 0 0 2 . 0 0 2 2 - . I . 0 2 C L A Y T O

P C T P C T C L A Y
6 7 . 9 8 . 9 5 . 8 9 . 3 7
7 . 3 7 . 7 5 7 . 5 8 . 4 0
5 . 5 1 1 . 4 5 6 . 3 8 . 4 8
7 . 5 8  .9 5 8 . 9 7 . 5 5
8 .  5 6 . 9 5 7 . 5 8 . 4 5
8 . 7 1 0 . 5 5 7 . 3 8 . 5 6

1 0 . 6 1 2 . 1 4 9 . 8 9 . 4 5
1 9 . 8 1 3 . 3 3 2 . 4 6 . 6 1
7 . 9 1 1 . 8 5 3 . 5 6 . 7 0

D E P T H ( P A R T I C L E  S I Z E A N A L Y S I S , M M , 3 B ,  3 6 1 3 B 2 1 ( B U L K  D E N S I T Y  ) ( - - - - - - W A T E R  C O N T E N T - — C A R B O N A T E ( -  - P H
V O L . I G H T  - 4 A 1 D 4  A l  H 4 0 1 4 B 1 C 4 B I C 4 B ? 4 C 1 6 E  I B 3 A  I A 8 C  I A 8 C 1 E
G T G T  7 5 - 2 0 2 0 - 5 5 - 2 L T 2 0 - 2 1 / 3 - O V E N C O L E 1 / 1 0 1 / 3 - 1 5 - W R D L T L T 1 / 1 1 / 2
2 7 5 . 0 7 4 P C T B A R D R Y B A R B A R B A R C M / 2 . 0 0 2 H 2 0 C A C L

C M P C T P C T  I - P C T L T  7 5 -  -  -  I L  T 2 0 G / C C G Z C C P C T P C T P C T C M P C T P C T

O O O - O O l 9 0 2 1 0 3 1 3 1 . 5  B 3 . 7 11 I 8 .  3 7 . 7
0 0 1 - 0 0 2 7 0 2 8 2 1 1 1 . 5  B 3. 7 1 1 I 8 . 3 7 . 7
0 0 2 - 0 0 5 4 O 2 5 2 7 1 . 5  B 4 . 1 11 I 8 . 4 7 . 8
0 0 5 - 0 1 0 4 O 2 4 3 7 1 . 5  B 4 . 2 1 0 I 8 . 4 7 . 8
0 1 0 - 0 2 8 I O O I I 2 1 . 5  B 4 . 0 1 0 I 8 . 4 7 . 8
0 2 8 - 0 5 0 I 0 O 2 2 4 1 . 6  B 4 . 3 1 2 T R 8 . 3 7 . 8
0 5 0 - 0 8 0 3 O O 3 I 4 1 . 5 9 . 6 2 . 0 0 6 9 . 7 3 . 8 . 0 9 1 4 8 .  3 7 . 7
0 8 0 - 1 0 0 I O O I T R I 1 . 7 6 . 7 9 . 0 0 6 1 4 . 2 3 . 4 . 1 9 1 7 8 . 0 7 . 7
1 0 0 - 2 0 0 4 0 O 6 I 7 1 . 6  B 4 . 0 9 8 .  I 7 . 7
0 0 0 - 0 0 5 1 . 4 7 . 5 0 . 0 0 7 1 1 . 7

D E P T H  ( O R G A N I C  M A T T E R I I R O N P H O S I -  - E X T R A C T A B L E  B A S E S  5 B 4 A -  - > A C T Y A L ( C A T E X C H ) R A T  10 R A T I O C A ( B A S E S A T  I
6 A I A 6 B 1 A  C / N 6 C 2 B 6 N 2 E 6 0 2 D 6 P 2 B 6 Q 2 B 6 H 1 A 6 G 1 E 5 A 3 A 5 A 6 A 8 0 1 8 0 3 5 F 1 5 C 3 5 C 1
O R G N N I T C E X T T O T L C A M G N A K S U M B A C L K C L E X T B N H A C N H A C C A S A T E X T B N H A C
C A R B F E E X T B T E A E X T A C T Y T O T O N H A C A C T Y

C M P C T P C T P C T P C T (-- - M E Q / 1 0 0 G -  - C L A Y M G P C T P C T P C T

O O O - O O l . 4 6 . 0 3 6 1 3 3 . 2 T R . 2 4 . 2 . 4 2
0 0 1 - 0 0 2 . 4 4 . 0 3 7 1 2 3 . 3 T R . 2 4 . 1 . 4 4
0 0 2 - 0 0 5 . 4 3 . 0 3 8 11 3 . 5 T R . 2 4 .  I . 4 8
0 0 5 - 0 1 0 . 5 0 . 0 3 9 1 3 4 . 0 . 0 . 2 4 . 5 . 5 8
0 1 0 - 0 2 8 . 4 0 . 0 3 9 1 0 3 . 7 . 0 . 1 3 . 8 . 4 3
0 2 8 - 0 5 0 . 2 4 . 0 3 4 7 3 . 7 . 0 . 1 3 . 9 . 5 1
0 5 0 - 0 8 0 . 1 8 . 0 2 1 9 3 . 7 T R .1 3 . 5 . 4 1
0 8 0 - 1 0 0 . 1 6 • O i l 1 5 4 . 0 T R • I 2 . 6 . 4 6
1 0 0 - 2 0 0 . 2 9 . 0 1 4 2 1 4 . 2 . 1 . 1 3 . 5 . 6 1
0 0 0 - 0 0 5

D E P T H  ( S A T U R A T E D  P A S T E  I N A  N A  S A L T  G Y P  I - - - - - - - - - - - - - - - - - - - S A T U R A T I O N  E X T R A C T  B A  I - - - - - - - - - - - - - - - - - - - - I A T T E R B E R G

C M

B E l
R E S T
O H M -
C M

S C  I B  
P H

B A
H 2 0

P C T

5 D 2
E S P

P C T

S E
S A R

6 D 5
T O T L
S O L U
P P M

6 F  I A  

P C T

8  A l  A
E C

M M H O S /
C M  I

6 N 1 B
C A

I -  -

6 0 1 B  
M G

6 P 1 B
N A

6 0 1  B 
K

6 1 1  A 
C 0 3

/ L I T E R

6  J  I A  
H C 0 3

6 K 1 C
C L

6 L 1 C  
S  0 4

6 M 1 C
N 0 3

4 F  I 
L Q I D  
L M l T  
P C T

4 F 2
P L S T
I N D X

0 0 0 - 0 0 1 7 . 7 2 5 . 1 1 2 0 . 6 4 4 . 8 1 . 9 . 2 . 4 . 0 4 . 5 . 2 1 . 4 . 0
0 0 1 - 0 0 2 7 . 8 2 6 . 0 1 0 0 . 5 6 3 . 8 1 . 5 . 2 . 3 . 0 3 . 5 .1 1 . 6 . 0
0 0 2 - 0 0 5 7 . 9 2 5 . 9 9 0 . 5 5 3 . 1 1 . 6 . 3 . 3 . 0 1 . 8 . 3 1 . 8 . 6
0 0 5 - 0 1 0 • 2 0 C
0 1 0 - 0 2 8 • 2 0 C
0 2 8 - 0 5 0 . 2 0 C
0 5 0 - 0 8 0 7 . 8 2 8 . 2 1 3 0 . 7 0 3 . 6 2 . 8 . 3 . 3 . 0 1 . 6 . I 4 . 9 . 7
0 8 0 - 1 0 0 2 4 0 0 7 . 6 2 6 . 0 3 5 0 1 . 6 7 1 2 . 1 7 . 9 . 5 . 5 . 0 1 . 5 . 2 1 8 . 7 1 . 7 2 0 3 D
1 0 0 - 2 0 0 2 7 0 0 7 . 7 2 6 . 8 3 3 1 0 I . 4 7 8 . 5 8 . 6 . 5 . 4 . 0 1 . 3 . 2 1 6 . 2 1 . 1
0 0 0 - 0 0 5

( A l  C L O D  O F  A l l ,  A l 2 ,  A N D  A 1 3  F O R  B U L K  D E N S I T Y  A N D  M O I S T U R E  R E T E N T I O N .
( B I  E S T I M A T E
( C l  U 2  S O I L  W A T E R  R A T I O
( 0 1  B Y  S O I L  M E C H A N I C S  L A B O R A T O R Y ,  U S O A ,  L I N C O L N ,  N E .
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Table 64.— Volumetric soil water percentages of Undisturbed soils

Native Depth
soil (cm) 6/9

15 21
30 26
45 26
60 27

CHINOOK 75 28
90 30
120 28
150 33
180 30
210 31
240 29
15 33
30 37
45 38
60 39

YAMAC 75 40
90 41
120 40
150 33
180 38
210 36
15
30
45
60
75
90
120
150
180
210

1976
6/29 7/11 8/11 8/24
18 10 05 09
25 17 10 12
27 21 12 13
28 25 14 15
29 27 16 18
31 29 20 23
30 29 24 29
34 34 30 32
31 32 28 31
32 31 29 29
30 30 28 31
38 27 26 18
42 36 26 24
41 37 29 26
42 38 33 30
42 39 37 35
43 40 40 36
42 39 40 37
41 38 33 36
40 37 37 35
39 36 37 36

29 23 20
35 27 25
36 28 26
38 30 26
37 29 25
34 29 26
28 27 25
27 27 25
25 26 24
31 31 29

9/15 10/22 11/24
06 ’„0 13
10 09 14
11 10 13
14 12 14
16 15 17
19 18 20
24 22 24
32 27 31
29 26 29
32 26 30
28 25 30
18 25 30
24 23 30
26 25 23
30 29 32
35 34 38
39 36 41
39 33 41
38 32 38
36 31 37
35 30 36
22 23 26
26 22 27
26 22 26
26 21 26
25 21 25
25 20 25
25 21 24
25 21 25
25 22 25
30 27 30

KOBAR

159



Table 64.— (Continued)

1977
1/15 2/12 3/13 4/6 4/14 5/2 5/15 5/29 6/15 7/8 7/19 7/31
25 32 23 31 20 09 15 22 14 07 06 0418 26 27 34 25 17 20 24 19 11 10 0514 18 26 34 28 23 24 24 20 13 12 1114 16 27 34 29 26 25 25 23 15 13 1315 18 27 32 31 27 27 26 25 18 17 1519 20 27 30 31 29 28 27 27 21 20 1921 22 25 26 31 28 31 27 27 25 24 2327 27 29 30 31 31 29 31 31 30 28 2925 26 26 27 30 28 30 28 28 27 26 2726 27 27 28 28 29 28 30 30 29 29 3026 27 27 27 25 28 27 29 29 28 28 28

37 41 37 19 34 31 27 18 17 1638 41 33 32 35 35 31 24 21 2137 40 39 34 35 35 33 26 24 2436 40 39 35 37 36 36 29 26 2737 42 40 35 39 37 38 33 32 3337 42 41 36 39 38 39 37 35 3736 41 40 35 36 38 38 39 38 3933 37 38 34 36 36 36 37 34 3732 33 36 33 34 35 36 35 34 3631 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
44 36 42 40 38 36 35 32 26 24 26
43 34 42 39 38 36 36 33 28 26 28
38 30 33 37 33 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
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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 03 05 04 11 12
30 19 23 16 07 07 09 09 15
45 29 21 19 11 10 07 09 15
60 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
150 30 26 29 25 25 22 21 21
180 33 29 32 27 28 24 22 23
210 40 36 40 34 34 26 25 24
240 37 36 34 33 33 31 30
15 17 15 07 04 03 03 OS 11
30 21 21 14 09 OS 07 06 11
45 24 23 19 12 11 09 08 11
60 27 26 22 14 13 11 09 13

BUSBY 75 26 25 22 15 13 12 OS 13
(8) 90 26 23 22 15 14 12 10 13

120 30 30 30 26 23 19 16 20
150 23 28 29 25 23 20 15 20
180 25 25 25 28 21 19 13 19
210 25 25 25 23 22 19 15 20
240 23 23 23 22 21 19 14 19
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Table 64.— (Continued)

1977
1/15 2/12 3/13 4/6 4/14 5/2 5/15 5/29 6/15 7/8 7/19 7/31
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
19 19 19 25 26 28 22 22 28
21 21 20 21 25 28 24 22 23
22 23 22 22 25 29 25 24 25
25 25 28 23 25 30 27 25 26
28 30 27 27 28 33 31 28 31
14 32 17 23 17 04 10 14 08 06 04 03
11 27 19 26 20 13 15 18 14 09 07 06
10 25 20 29 23 18 19 21 17 11 10 39
11 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 17 16 17 16 17 16 18
16 18 17 24 17 17 16 17 16 17 17 16
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Table 65.— Volumetric soil water percentages of Old Spoils

1976
Old Depth
spoil (cm) 6/9 6/29 7/11 8/11 8/24 9/15 10/22 11/24

15 21 20 15 07 07 07 12 16
30 23 26 20 13 12 12 10 16
45 22 24 20 12 11 11 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
150 22 21 20 11 10 10 07 10
180 11 12 12 09 03 38 06 08
210 08 39 09 09 38 OS 06 08
15 14 10 06 05 34 08 12 13
30 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 23 14 11 10 08 10 11

90 21 18 14 10 09 08 08 39
120 21 23 14 11 11 10 10 11
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 03 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 11 11 07 11
(9) 75 21 23 23 15 12 12 07 12

90 22 23 21 16 13 12 10 12
120 23 24 23 19 15 14 10 14
150 24 24 24 21 17 16 10 16
180 24 24 24 23 19 18 12 18
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Table 65.— (Continued)

1/11 2/12 3/13 4/6
27 36 25 20
18 24 24 31
12 15 19 29
10 12 12 24
09 10 09 17
10 11 09 14
12 13 11 11
10 11 09 10
08 09 07 08
08 09 07 08
20 32 23 31
16 23 23 32
12 15 19 30
11 12 15 24
09 10 10 15
08 09 08 10
09 11 09 10
12 13 12 12
13 14 12 13
14 15 13 14
14 15 14 14
20 26 22 28
17 17 22 29
14 14 20 28
12 14 17 26
12 13 15 23
12 12 15 20
U I 3 I 4 19
15 15 15 17
17 17 16 16

1977
4/14 5/2 5/15 5/29
27 10 19 19
28 24 20 26
27 25 19 24
25 23 18 22
21 22 17 19
15 19 14 17
12 14 10 14
09 10 07 10
08 OS O’ 08
08 OS 07 07
26 13 16 19
28 28 18 25
27 32 19 24
24 31 17 23
17 27 12 20
12 19 11 14
10 14 10 11
12 15 11 11
13 16 11 13
13 16 12 13
14 14 12 14
23 09 14 10
25 19 21 18
24 21 18 22
29 21 19 22
23 21 19 21
21 21 20 21
18 1-8 19 20
19 19 18 19
18 20 17 18

6/15 7/8 7/19 7/31
27
23
21
18
15 
13 
13 
10 
08 
07
17
18 
19 
19
16 
13 
11 
12 
13 
13 
13
13
13
17
17
18 
18 
18 
18
1 8
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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
30
45

1932 60
75 
90 
120 
150 
180 
210 
240

28
30
29
28
26
27
27
24
21
21
19

33
50
35
32
29
29
30 
26 
23 
22 
20

20
26
27
25
24
25
26 
24 
21 
20 
19

09
15
17
18 
18 
21 
24 
24 
22 
22 
20

08 07 12
13 11 11
16 14 12
17 15 10
17 15 13
20 17 16
23 20 17
24 21 19
22 20 16
21 20 17
20 19 16

18
17 
16 
16 
15
18 
21 
22 
21 
21 
20

15
30
45
60
75
90
120
150
180
210
240

31
42
40
52 
46 
48
53
54 
53 
59 
50

21
37
48 
52 
44
49 
55 
55 
57 
63 
52

22
37
46
50 
43
47
54 
53
55 
63
51

20
33
43 
47 
40
44
49
50
51 
57 
47

28 30
35 37
45 46
41 50
38 43
45 48
44 53
49 53
52 53
51 63
45 49

1948
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Table 65.— (Continued)

1977

1/11 2/12 3/13 4/6 4/14 5/2

23 38 28 39 33 18
20 31 28 39 35 30
16 25 24 36 32 30
14 23 20 29 29 27
14 21 17 20 23 23
15 23 18 19 20 21
18 22 20 20 20 20
18 22 19 20 19 18
18 21 19 19 19 12
18 23 19 20 19 19
17 12 18 19 18 19

38 49 44 49 45 27
39 52 48 53 51 42
41 57 50 59 56 49
48 56 52 56 57 57
41 51 46 47 49 50
46 54 48 50 50 49
50 56 52 53 56 55
45 55 51 54 54 53
49 60 52 56 54 53
59 63 59 59 61 61
47 49 47 47 58 49

5/15 5/29 6/15 7/8 7/19 7/31

24 24 19 12 08 08
26 30 22 17 13 13
24 29 23 18 16 15
22 25 22 18 16 16
20 22 20 18 16 16
20 21 20 18 16 17
18 20 20 20 Ir 19
18 18 19 19 18 18
18 19 19 19 18 18
17 19 19 19 18 18
18
37 32 31 26 24 20
45 42 41 35 33 32
54 46 45 42 39 40
48 52 49 47 45 48
47 46 43 41 39 41
53 46 47 44 41 42
51 53 50 49 48 49
52 51 52 50 47 47
61 52 52 48 46 48
48 60 61 59 57 59
51 48 49 47 46 46
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Table 66.— Volumetric soil water percentages of New Spoils

New
Spoil

1969

1970

1972

Depth
(cm)________6/9 6/29 7/11
15 27 36 23
30 33 41 30
45 35 44 34
60 35 45 34
75 39 48 39
90 44 52 42
120 31 37 31
150 28 31 27
180 30 32 27
210 29 34 29
15 15 17 OS
30 22 28 18
45 24 28 23
60 26 29 26
75 28 29 28
90 29 32 31
120 1U 32 32
150 30 31 31
180 27 27 28
210 25 26 26
15 05 00
30 21 I'
45 28 20
60 31 25
75 33 30
90 32 30

120 32 31
150 31 30
180 29 28

1976
8/11 8/24 9/15 10/22 11/24
17 17 17 18 22
23 23 22 21 23
27 25 25 22 24
28 26 26 23 23
36 35 32 34 29
40 17 38 27 35
29 28 25 26 22
25 24 22 18 22
27 26 24 19 21
29 29 28 26 24
03 02 04 10 10
11 09 09 10 14
15 I" 12 12 14
19 16 16 13 14
21 18 16 14 14
24 19 18 15 16
25 21 20 17 17
26 22 19 18 18
24 21 18 16 17
25 21 20 16 17
00 00 00 08 04
05 06 07 10 15
11 10 12 12 17
11 16 17 17 19
22 21 23 18 22
23 22 23 20 22
26 25 26 20 24
26 24 26 20 24
25 24 25 20 22
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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 7/31
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 32 36 37 34 33 32 30 26 25 24
31 44 37 41 41 36 36 33 37 32 29 27
33 45 38 36 41 43 26 42 38 38 37 37
22 34 26 26 27 26 22 26 26 24 22 21
19 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 00
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 19 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 08 07 05 00
20 28 25 36 33 22 24 21 12 10 09 08
22 27 26 34 34 19 27 24 17 15 12 12
24 26 29 33 34 31 25 28 22 21 18 16
22 24 28 31 33 30 30 27 21 24 21 19
24 25 28 27 31 31 29 28 25 26 24 22
24 25 27 25 26 29 27 27 25 25 23 24
23 23 24 24 24 26 26 25 24 24 22 28
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Table 66.— (Continued)

1976
New Depth
Spoil______[cm]________6/9 6/29 7/11 8/11 8/24 9/15 10/22 11/24

1973

1975

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
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
60 38 35 33 34 32 30
75 33 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
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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 CS
22 26 26 33 29 22 22 24 18 17 16 15
21 23 25 32 30 26 24 25 20 19 17 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 33 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 33 33 35 34 35 34 34 33 35 34 34
34 39 33 35 34 34 34 35 14 37 34 36
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Table 67. Desorption characteristics (% H2O by volume) of soil profiles
of undisturbed soils.

Soil Depth 
(cm)

Pressure
(bars)

Native Soil (site no.)

Chinook Yamac Kobar Busby(6) Busby(S)

5-15 0 39.8
0.3 13.6
15 7.1

15-25 0 40.0 50.8 — 42.0 11.8
0.3 13.7 39.2 40.0 11.8 11.8
15 6.9 4.9 20.2 5.5 5.2

30-40 0 44.0
0.3 12.5

15 5.7
51-61 0 39.5 55.8 — 41.4

0.3 15.3 40.1 29.6 13.6
15 4.9 5.5 14.6 5.8

142-152 0 37.2 56.0 — 40.8
0.3 13.7 39.9 22.5 15.0
15 3.2 5.3 8.1 4.4

Table 68. Desorption (characteristics (% H2O by volume) of soil profiles
of old spoils

Soil depth Pressure
Spoil Age (site no. )

(cm) (bars) 1942(5) 1924(7) 1924(9) 1932 1948

5-15

51-61

0
0.3
15
0
0.3
15
0
0.3
15

46.0 45.2 49.2 45.6 — __

16.2 13.0 22.9 23.6 40.0
7.7 6.4 15.1 8.0 20.2

43.0 40.7 49.5 51.4 —
12.5 16.0 20.2 27.2 29.6
6.7 6.3 13.6 8.3 14.6

44.5 43.8 47.1 45.8 —
11.1 11.2 24.1 20.4 22.5
6.4 5.9 12.1 8.6 8.1

142-152
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Table 69. Desorption characteristics (% H^O 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
0.3 16.5 21.4 24.5 21.3 17.2
15 6.6 7.2 10.0 7.5 4.2

31-40 0 46.2
0.3 21.4
15 7.3

40-51 0
0.3
15

51-61 0 50.0 40.6 43.0 43.3
0.3 25.0 16.7 20.4 17.5
15 8.9 3.3 6.6 5.5

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 4.7



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.

CHINftJK- I

Dep th (c w )

11
SO

I SO

IS50
90

ISO

15

1976
6/ 29 7 / 1 1 8 /11 8 /24

12 .0 . 7.1 24 .6 7. I
1.2 ft. I 10. ft I 1.2
3. 7 7 . 2 5 . 0 7.1
4 . 5 4 . 6 4 .1 1 .7

4 .1 2 . 8
1 .4 ft. 5 1 .9 I . ft
5 . 8 11 .2 2.  U 2 .7

16. I 14. 7 2. I

H.8
2. 7

5 . 9
4 . 2
4 . 9
2.2

___________ DATF ______
10/2 2  I l /2 4  lfti l T T l *

197 7 
S/31

4. I 8.9
2 1 . h 8 . 4
4 . 1  I .  I
2 . 0  15 .4

1.0 x 10 .7
2 . 1 4 . 7  10 .2
5 . *  4 . 9  13.8
4 . 0  1 .9 4 . 8

7 . ft 2 . 4  3 . 9
• I 1.8 8.8
4 . 4  4 . 8  10 .8
4 . 0  2 . 1  5.1

15 2 . / 11 .4 5 . 4
50 3.4 2 0 .0

2.1 5 . ft 1 .8 7 . 3 20 .1 16. .
15 .4 15 .2 37 .0 * *

BVSBY-ft x 2 . 0 2 1 . ft I I . I 11 .8
50 2 . 9 5 .2 7 . 6 f t . 9 1 2 . ft 1 7 .h
90

ISO
1.7 3 . 5 3 . 0 10 .2 17 .7

4 . 2 7 . 4 I .  I 2 . 4

S3 10.9
4 . 2 % 1.3 l . r* 4 .  I 111.9

90 I ft. I 5 . 2 2 . 0 4 . 2 10 .0 1 0 . 1 18 .4
ISO 17. I 12 .5 3 .4 5 . 5 4 . 4

BVSBY-H 10.0 I .3 x
1.8 2 . 6 12 .7 17 .6

90 7 .2 2 . 1 2 . 9 8 . 3 11. I 9 . 9
150 C.5 6 , 2 1 . 7 2 . 0 1 .8 5 . / I .a

15 6.1 1 .4 .7 3 .2 10. I 2 . 0 15 .0
50 9 . 9 3 .4 1 .9 3.1 ft. 7 8 . 6

18 .3 7 .8 2 . 3 7 .7 12. ft
11 .5 9 . 4 1.4 2 .2 8.1 6 . 0 14 .9

1932-10 6 . 4 4 . 2 6 . 2 f t . 5 20.1 5. 7 4 . 0
7 . 0 2 . 6 10 .7 1.2 8 . 7 12.1 8 . 2

14.9 12 .3 5 . 0 3 . 0 8 . 9 23 . s
150 5 .4 f t . 8 1.8 3 . 5 2 .2 1.8

1975-11 15 4 . 5 1 .8 2 . 5 4 . 0 I . ft
50 1 .7 1.7 .9 1.9 1 .3 20 . I

11 .5 1.5 1 .0 1 .9 1 .5 4 . 2
24 .7 9 . 6 1 .0 6 . 9 3. 7

1973-12 15 4 . 5 6 .1 4 . 7 1.4 7 . 8
50 5 . 7 5 . 4 11 .9 14 .1 22 .2 11 .2
90 4 . 2 5 . 2 2 . 9 1 . 1 2 . 9

20 .5 10.1 2.1 9.1

1972-13 13 9 . 5 3 .2
50 14 .9 6 . 7 1.8 2.  I
90 15 .4 7 .2 2 . 5 4 . 6

150 I . ft .3 1 . 0 4 . 3 3 . 0 10. I

1969-14 15 20 .9 4 . 3 9 . 7 7 . 8 1 . 5 1 . 5
50 15 .5 4 . 3

10 .0 4 . 5
150 15 .7 14 . ft 7 .9 * x x

1970-15 15 I I . I 1 . 8 1 9 . 1 13 .8 ft. I 22 .8
50 f t . 7 2 . 6 1.4 4 .  I 7 . 0 10 .9
90 8 . 3 6 . 0 6 . 7 f t . 5

150 7 . 3 2 .1 2 . 7 3 . 7

*  - IW vrh rom e le rH  removed f o r  c l e a n i n g  nml m l  I h o r n t  Ion 
x -  Denotew pw v i l i r o m e te r  f a i l u r e

ft/1 S 7 / 9

2.1 19.1
.5 ft.4

24 .8  I . I
1 .7 2 . I

. 9  2 . 0
1 . 4  2 . 0
2 . 8  .7
4 . 4  1.4

4 . 7  21 .8
1.4 4.9
1 .0 1 .8
1 .8 1 .8

1 . 9  10 . 0
2 . 7  4 . 3
2 . 3  1 .6
5 .4 4 . 7

18 .3  10.1
7 0 .3  x
17 .1  .8
11.9 .7

4.1 .8
1 .7 .9

11 .0  4 . 3
6 . 7  1 .7

ft.2 2.1
1. 0  1.7
1 . 8  1.4
1 .  ft 1.9

7 . 7  16.1
ft. 2 3 . 1
2 .  ft 4 . 2
7. ft 3.4

ft.ft 5.4
ft. 2 1.5
1.8 2 . 7

I I . f t  4 . 8

22.8 2.8
10.9  5 . 1
4 1 .7  4 . 8

7719 7711

/.ft 9.8
3 . 3  3 .4
2 . 7  4 . 4

I . ?  7 . 4
.ft 2. ft

1. 0  I . ft

ft.ft 8.0
1. 5  I . I
2 . 5  7 . 5

9 . S 7 . ft
4 . 0  4 . 5
1 . 3  2 . 3
4 . 1  7 . 4

5.1 10 .6
3 . 7  4 .1
1 .1 3 . 7

.2 .6

.8 1.0
3.1 1.8
4 . 6  2 .4

7 . 0  6 . 2
1 . 9  1.9
1 .8  2 . 7
2 . ft 2 . 9

27 .7  13 .6
4 . 8  3 .8
1.4 4 . 1
4 .1  5 . ft

4 . 7  x
I . ft 2 . 4
1.0 4 . 9
4 . 9  x

1 .3 1 . 3
2 . 5  6 . 4
2 . 4  4 . 8
ft.O 12 .5
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T a b le  71 Soil temperatures (°C) for undisturbed soils and 

minespoils at Colstrip study area.

r , .h lo S o i l  t e m p e r a t u r e f t " )  I n r " " U v ‘ s o i l s  and mine S|m I I . 4l '  I I I

S l t v  . Uep f l i  (cm)
ItlV 2 2- H i l ____'Ii-U J g g - 'T l ,

I Jl I NtMIK- I 14 .9 71 .7 22 .2 6 . H
15.9 21 .7 23 .1 4 .7
I I .  7 21 .5 22 .0 I I .  I

19 .5 I I . ' I

YAMAO 2 I 1 .9 21 .2 M. 4
14.2 17. I 22 .7 2 •. 9 I ' I .  4
I 1.7 15 .4 21 .2 21 .7 12 .4
12 .0 12 .2 19 .0 19 .5 14 .2

I 1U f l - I

150

15 14 .7 21 .2 24 .1 24 .4 16 .4 5 . 0
50 I 1.9 24 .1 / 4 . 4 17 .6

13 .5 21 .2 22 .7 I 7 .8
17 .0 I I .  7 ’ - ' i . " 17.6

x 21 .2 23 .2 24 .4
1 4 . 1 19 .8 22 .2 22 .7 17 .8
I I .  3 21 .2 21 .0
12 .5 I 1.0 18 .6 I K . H 17.1

1 0 . 1 21 .5 21 .4 25.1 18 .6
13.1 20 .0 21 .4 24 .  I 18 .8 9 . 1
12 .7 18 .6 22 .7 21 .2 18.8 11 .4

150 11 .3 18 .8 20 .0 18 .6 14 .4

HVSHY-H 15 22 .7 x
50
VO

21.7 24 .9
18 .6 22 .9

150 12 .0 20 .  I 19 .3

I 1IP t i - lI 14 .4 22 .0 25 .1 18 .8
14 .9 21 .2 IR. I

•Ml I 1.9 18 .8
150 I I .  I 11 .5 2(1. I 20 . I

1932-10 13 12 .7 21 .2 21 .5 22 .7 19 .0
50 13 .5 19 .4 23 .4 24. I 18. I 9.1
VO 12.7 I / .  I 22 .2 '2 .7 11.1'

150 12 .0 11 .9 19 .4 70 . I I B . I, ' * . *

1 9 75 -1 1 20 .7 22 .7 21 .7 16 .9
20 .  I 21 .7 24 .6 19. I
I / . 8 22 .7 21 .7

150 11 .0 I 1.9 20 . I / I  .0 IB ."

1971-12 15 11 .5 17. J 22 .2 i n .  .
50 15 .4 I / . 8 21 .3 5 . 7

10 .5 14 .9 20 .4 8 . 6

150 9 .  I 11 .5 18 .1 18 .8 I / . 6

1972-13 15 12 .0 17 .8 20 .3 22 .9 15 .4 6.
50 12 .5 1 6 .h 21 .2 22 .0 17. I 9 .  I
90 11 .8 15 .4 20 .5 21 .3 17. I 10. I

is o 10.5 12 .0 17 .8 I B . K 17 .1 I I .  I

I '169-14 15 11 .0 19 .3 2 2 .0 20 .7 14 .4 4 . 0
50 12 .0 19 .5

12 .5 21 .7 21 .5
11.0 11.2 18.1 18 .6 18 .6

1970-15 15 12 .7 20 .7 22 .2 2 2 .0 16 .4 3 . 7
I 1.2 19. I 21 .7 27 .7 9 .  I
12 .7 16 .6 20 .5 21 .2 10 .8

150 11 .5 11 .7 18. I I 1.7

* - Fsyclirometors removed for cleaning and calibration 
x - Denotes psychrometer failure

Hunt an.i.

1 1 I / u I / 1 I * '  5/ 7 5 / 1 0  ' " “ 6 / 1 4  ~

Ii JnT
18.6

I I . .2 19 .4
4 . 9 16 .4 19 .4
9 .  I I T .  0 14 .9

24. I 74 6 27 .6
I 1.0 18. I 22 .2

6 . 9 10 .8 16. I 19 .8
9 . 8 8 . 4 17 .2 14 .7

19, I 21 .2

4 . 0 14 .7 11 .4 I 7. I

5 . 7 12 .3 19 .0
10. I 1 0 . 1 12 .7 14 .7

."I .  7 20. S 22. 7

11 .4 17.7 14 .9 I 7.8
9 . 6 x 15.4 17 .3 4. 7

I .  I

1 .7

' •  I 11 .4 17 .6 26. I 2 / .  2

,''I' H:i 1I:) Tw r t i
21 J ) 71 .2

14 .9 21 . I 26 .3 21 .7
. » 22 .4 23 .7

14 .2 17. I 15 .6

1 .8 18. I 14 .9 22.'» 29 .4

10 .5 12 .2 15 .4 19. I
8 . 4 7 . 9 8 . 6 11 .0 I 3 .0 14 .9 16 .4

4 . 7 12 .2 18 .8 17. I 22 .4 21 .2
4 . 0 12 .0 11 .2 22 .9 21 . 7

8 .  I V 7.6 8 .  I 17 .2 15 .4

11 .0 16 .9 24 .9 21 .7
I I . it 
" . 8

19 .0 23 .7 22 .4

! / . In 17. I x '

4 . 0 11 .9 16 . 4 17 .8 I 1.9 16.4
I 1.7 14 .7 14 .4 I I .  7 14 .7

. .  5 _ _ _ _
9. I 9.  I
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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) 
1924 (7) 
1924 (9) 
1932 
1948

Half-shrub - a. grass 
Half-shrub - a. grass 
P. grass - forb 
P. grass and shrub

41.3 
64.0 e
35.7
57.7

93.3
98.9 e
84.9 
96.7

5.2 
2.6 e
13.1
2.3

1969 P. grass and shrub 53.8 87.5 7.6
1970 P. grass 41.1 94.6 1.2
1972 P. grass and legume 27.7 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 -- — - - - --
Busby (6) B. forb - a. grass 64.6 79.9 13.0
Busby (8)

e : estimate from other months
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