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ABSTRACT 


Water transmission and storage characteristics were examined on undisturbed soil, 
nonsodic spoil, sodic spoil and topsoil over sodic spoil sites. Bulk density, particle size 
analysis and soU water content both before and after water application were determined. 
Restrictions to water movement within the profile were found on the undisturbed and top
soil over sodic spoil areas. Infiltration on the sodic spoil site was minimal due to a 
disperse surface condition. Saturated hydraulic conductivity of 1.5 inches per hour was 
measured at the nonsodic spoil location. Identification of soil properties on reclaimed 
sites to a depth of up to 10 feet may be necessary to determine water transmission and 
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storage characteristics. 

INTRODUCTION 

The stripping, reshaping and topsoiling activities 
presently used 'in surface mining operations may 
cause significant changes in many pre-mining site 
characteristics. Variations in both water movement 
and storage may occur as a result of mining opera
tions. Information on saturated hydraulic conduc
tivities and water-holding capacities of reshaped 
strip-mine materials is needed for development of 
improved reclamation procedures. 

Saturated hydraulic conductivity describes the 
rate at which water can move through a thoroughly 
wetted soil profile. Soil hydraulic conductivity may 
be used as an aid in calculating infiltration, move
ment and drainage of water. The quantity of runoff 
occurring during a rainfall event may also be in
fluenced by hydraulic conductivity. 

Water holding capacity is a measure of the 
amount of water held by a soil against the downward 
forces of gravity. However, not all of the water held 
in a soil is available to plants. "Available water" is 
defined as that portion of water retained between 
"field capacity" (FC) and "permanent wilting point" 
(PWP) (Bauer, 1976). FC and PWP values are usually 
estimated in the laboratory by placing a sample in a 
pressure plate or membrane apparatus and subjec
ting it to 1/3 and 15 bar pressure, respectively. 

In the present study, saturated hydraulic conduc
tivity (HC) and water-holding capacity of undisturbed 
and surface-mined sites were determined. An undis
turbed rangeiand location was selected to serve as a 
pre-mined condition. Water movement and storage 
on both nonsodic and sodic spoil materials were ex
amined. A site on which topsoil was placed over 
sodic spoil was also investigated. 
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PROCEDURE 

The study was conducted at the Indian Head Mine 
near Zap, North Dakota, in August 1978. Soil 
analyses, standard soi I water characteristics and 
vegetative cover for the four experimental sites are 
summarized in Table 1. An undisturbed rangeland 
area (located with the mine complex) served as a pre
mined condition for comparison with mined areas. 
The nonsodic spoil site (sodium adsorption ratio 
(SAR) of approximately seven) was reshaped and 
seeded in 1972 while reshaping and seeding of the 
sodic spoil location (SAR =37) occurred in 1973. The 
area that was to be topsoiled was reshaped in 1973. 
The spoil was tilled and approximately 23 inches of 
topsoil was applied in 1975; the site was seeded to 
crested wheatgrass in May 1976. 

A 10-foot square study area was selected and a 
trench approximately 3 feet deep was excavated 
around the perimeter of each site. Two layers of 
polyethylene sheeting were then placed around the 
monolith to prevent lateral water movement. The 
trench was then backfilled and a water-tight wooden 
dike installed as described by Cassel and Sweeney 
(1974). Six tensiometers, constructed of PVC tubing 
(Henderson, 1963), were placed at each location at 
depths of 0.5, 1, 2, 3, 4, and 5 feet. Each tensiometer 
was coupled to a mercury manometer with nylon 
spaghetti tubing (Doering and Harms, 1972). Soil 
samples for initial water determination were col
lected apprOXimately 24 hours prior to water applica
tion. 

Following the addition of sufficient water to wet 
the profile to a depth of 5 feet, plastic sheets were 
placed over the plot to prevent evaporation. Soil 
samples for determination of bulk density and gravi
metric water content were taken approximately 72 
hours after water application on the nonsodic spoil 
and topsoil over sodic spoil sites. Soil samples on 



• Table 1. Soil analyses and vegetative cover on undisturbed soil and surface-mined 
sites. 

Predominate 
Site SARI Texturel Fel PWpl species 

• % by weight4 
Undisturbed SL 14 6 Kentucky Bluegrass 

(10-18) (4-8) Blue Gramma 

Nonsodic Spoil 5 LS 12 5 Crested Wheatg rass 
(8-15)' (3-7)' 

• Sodic Spoil 37 SL 14 6 Sweet Clover 
(10-18) (4-8) 

Topsoil over 
Sodic Spoil Crested Wheatgrass 

• 
Topsoil 5 SL 14 6 

(10-18) (4-8) 

Spoil 37 CL 27 13 
(23-31) (11-15) 

tSAR = NAI((Ca + Mg)/2rh , ionic concentration in meq/1. 
2SL = sandy loam; LS = loamy sand; CL = clay loam. 
lFC = field capacity, PWP = permanent wilting point. 

• 
4From Israelsen and Hansen (1962). Normal ranges are shown in parentheses. 
'Values obtained by interpolation. 

• the undisturbed and sodic spoil areas were collected tional water of sufficient quantity to fill the square 
approximately 216 hours after water application enclosure was added. Water movement through the 
because of small infiltration rates. On each of the soil profile continued for a selected period of time. 
sites, four replicated soil samples were obtained for The amount of water required to refill the enclosure 
each 6-inch increment to a depth of 5 feet. was determined allowing calculation of He. The 

quantity of water which infiltrated during filling and. 

• 
Particle size analysis was determined by the hy which evaporated during testing was assumed to be 

drometer method (Day, 1965). Water contents at V3 negligible. 
and 15 bars were measured USing a pressure plate 
and membrane apparatus (Richards and Weaver, 

1944). For particle size analysis and soil moisture 
 RESULTStension determinations, the samples for each depth 

increment were composited. 


Undisturbed Soil 

• Saturated flow conditions will exist when the dif In the Northern Great Plains the predominate land 
ference in hydraulic head measured in the upper and use for much of the area deSignated for energy 
lower positions of the profile, H I and H2, respective development (lignite mining) is rangeland. The un
ly, is equal to the profile thickness, L. Saturated He disturbed rangeland site was located on a Flaxton 
(K) can then be determined from Darcy's equation for sandy loam (Table 1). Kentucky Bluegrass and Blue 
one dimensional flow (Stibbe, Thiel and Taylor, Gramma were the predominate plant species found 

• 1970): at this location although several other types of 
vegetation were present. 

a 
v= AT =K(H I-H 2)/L Water movement under saturated conditions on 

the undisturbed site was found to be limited. Ac
curate determination of the small infiltration rate at 

• where V =infiltration rate and a =volume of water this location was not possible using the selected ex
entering the monolith of cross sectional area A in perimental measurement technique. The minimal 
the time interval T. Under steady state conditions the rate of water movement suggests that differences in 
infiltration rate equals He. bulk density or texture could exist within the profile. 

Once saturated conditions developed, as shown Bulk density on the undisturbed site was found to 
by the tensiometers at the 1- and 5-foot depths, addi- slowly increase through a depth of 3 feet as shown in 
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Table 2. The presence of more dense soil material 
would be expected to reduce He. Differences in tex
ture within the soil profile could also have reduced 
water movement. 

Table 2. Bulk density, particle size analysis, initial water content 
and final water content versus for undisturbed soil. 

Bulk Particle Size Water Content' 
Depth Density' Sand Silt Clay Initial Final 

(in) (g/cm') •••••••••• 0/0 ........• ..... 'Yo by weight--..· 

0-6 0.99 63 23 14 7.2 36.5 
6·12 1.12 8.8 28.9 

12·18 1.19 8.5 22.0 
18·24 1.35 9.3 20.2 
24-30 1.43 10.1 21.7 
30·36 1.55 10.5 22.8 
36·42 1.53 11.6 19.2 
42·48 1.44 12.6 16.4 
48·54 1.45 13.8 15.5 

14.2 15.6 

'Data are averages of four samples. Initial water content· was 
determined prior to water application and final water content was 
measured approximately 216 hours after application of water. 

Since downward movement of water was impeded 
at this site, measurement of in situ water-holding 
capacity or He was not possible. However, soil 
samples for water content determinations were col
lected. 

Analyses of soil samples obtained in the upper 
portion of the profile prior to initial water application 
indicated soil water contents near PWP. The vegeta
tion present at this location would be expected to 
have a well-established root system. Since soil 
samples were collected in August (near the end of a 
growing season), most available water probably had 
been extracted. 

Final water content measurements in the upper 
portion of the soil profile were found to be much 
larger than typical Fe values reported for coarse
textured materials. Substantial changes in water 
content between samples collected before and after 
water application were also noted in the upper soil 
profile. In contrast, water content changes were 
small below a 3-foot depth. Water movement through 
the soil profile appears to have been restricted. 

Nonsodie Spoil 

Soil analyses on the nonsodic site indicate the 
presence of a loamy sand spoil material (SAR =5). 
The bulk density and particle size analyses shown in 
Table 3 indicate the existence of a relatively uniform 
profile. A dense cover of crested wheatgrass was 
found at th is site. 

An He of 1.5 inches per hour was measured on the 
nonsodic spoil. Approximately 176 gallons of water 
were found to have infiltrated into the profile over a 
114-minute period. Water movement did not appear 
to be restricted at this site. 

Water storage characteristics were also found to 
be relatively uniform with depth at the nonsodic 
spoil location. Fe measurements agree closely with 
values reported in Table 1 for materials with loamy 
sand texture. Initial measured water content was 
generally within the range reported for PWP. As was 
the case on the undisturbed site, most of the avail
able water was probably extracted by vegetation. 

Sodie Spoil 

A sparse stand of sweet clover was found at the 
sodic spoil site. For soils with a dispersed surface 

Table 3. Bulk density, particle size analysis, soil water characteristic, initial water content, in situ field capacity and available 
soil water versus depth for nonsodic spoil. . 

Water Content 1 Available Water 
Soil Water In Situ In Situ 

Bulk Particle Size Tension (bar) Field 1f3 to F.C. to 
Depth Densityl Sand Silt Clay 113 3 153 InitiaP Capacityl 15 bars 15 bars 

(in) (g/cm3) --_._-_••••_--------_••• % .--•••.••••••_•.._.••••• .............-.-•••••...... % by we ig ht.-.-..................---.-. --..-------••-inches .--------.--•• 
0-6 1.23 79 14 7 10.0 5.0 5.0 13.1 0.37 0.60 
6-12 1.39 79 11 10 8.2 4.1 4.5 10.0 0.34 0.49 

12-18 1.34 83 12 5 7.7 4.6 5.3 9.9 0.25 0.43 
18-24 1.39 81 11 8 8.2 4.3 7.7 11.8 0.33 0.63 
24-30 1.45 84 11 5 7.4 3.8 7.3 10.7 0.31 0.60 
30-36 1.46 81 9 10 7.6 4.2 6.4 11.3 0.30 0.62 
36-42 t.29 80 15 5 8.2 4.3 7.9 12.2 0.30 0.61 
42-48 1.42 83 9 8 4.9 3.3 8.9 10.9 0.14 0.65 
48-54 1.42 84 11 5 4.4 3.8 7.8 10.7 0.05 0.59 
54·60 1.48 82 10 8 5.4 3.7 6.9 11.9 0.15 0.73 

TOTAL 2.54 

Iinitial water content was determined prior to water application and in situ field capacity was measured approximately 72 
hours after application of water. 

2Data are averages of four samples. 
3Data are averages of two samples. 



• condition such as found at this location, vegetative to be equal to or greater than Fe below the 6-inch 
cover is usually limited since water movement into depth on the spoil material. It appears that root water 
dispersed soil materials is typically small. extraction within the spoil was minimal. 
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Infiltration on the sodic spoil site was found to be 
very limited due to the dispersed surface condition. 
Accurate measurement of the small infiltration rate 
found at this location was not possible. As shown in 
Table 4, initial water content measurements taken 
below a 6-inch depth generally indicate values equal 
to or greater than Fe. Since these samples were col
lected near the end of the growing season, root 
water extraction would appear to have been minimal. 
Because of large standard deviations in measured 
water contents, final water content values in some 
cases were less than initial measurements. 

Table 4. Bulk density, particle size analysis, Initial water content 
and final water content versus depth for sodic spoil. 

Bulk Particle Size Water Content' 
Depth Density' Sand Silt Clay Initial Final 

(in) (g/cm') ..........0/0·········· ..... % by weight····· 

0-6 1.16 58 25 17 9.4 25.0 
6-12 1.43 15.0 14.7 

12·18 1.43 20.2 17.8 
18·24 1.36 14.8 17.6 
24·30 1.26 17.6 15.1 
30·36 1.20 20.4 19.1 
36·42 1.27 18.1 28.9 
42·48 1.29 19.0 33.6 
48-54 1.39 24.7 23.0 

24.1 18.6 

'Data are averages of four samples. Initial water content was 
determined prior to water application and final water content was 
measured approximately 216 hours after application of water. 

Water movement into the spoil appears to have oc
curred in a nonuniform fashion. The spoil material at 
this location consisted of a heterogeneous mixture 
of fragmented geologic materials. Water flow would 
be expected to follow a tortuous path through the 
profile moving between disperse spoil particles. Ex
cess quantities of water appear to have accumulated 
at various locations within the profile. 

Topsoil over Sodie Spoil 

At the topsoil over sodic spoil site, approximately 
23 inches of sandy loam topsoil material was placed 
over a sodic spoil (SAR =37). A dense cover of 
crested wheatgrass was present. The topsoil 
material appeared to have been of sufficient quality 
and depth to have provided a suitable plant growth 
medium. 

A limited infiltration rate was also found to exist at 
the topsoil over sodic spoil site. The sodic clay loam 
spoil appeared to restrict downward water move
ment. At this location, accurate measurement of He 
was not possible. 

I nitial water content measurements shown in 
Table 5 for the topsoil material indicate values within 
the PWP range. In contrast, water content appeared 

Table 5. Bulk density, particle size analysis, initial water content 
and final water content versus depth for topsoil over sodic spoil. 

Bulk Particle Size Watlf Content' 
Depth Density' Sand Silt Clay Initial Final 

(in) (g/cm') ·········-0/0········· ....-% by weight····· 

Topsoil 
0-6 1.33 55 26 19 5.0 19.5 

6·12 1.42 5.5 18.3 
12·18 1.33 5.8 19.2 
18·24 1.45 6.1 17.9 

Spoil 
0-6 1.39 31 38 31 10.9 21.6 

6·12 1.46 14.5 19.3 
12·18 1.29 19.9 18.8 
18-24 1.24 20.4 20.1 
24·30 1.48 21.6 20.8 
30·36 1.28 22.5 

'Data are averages of four samples. Initial water content was 

determined prior to water application and final water content was 

measured approximately 72 hours after application of water . 


Following water application, water content of the 
topsoil material appeared to have been above Fe. 
Substantial changes in water content were limited to 
the top foot of the spoil material. As was true on the 
sodic spoil site, excess quantities of water appear to 
have accumulated at various locations within the 
profile. Large standard deviations in measured water 
contents of the spoil material were also found. 

For water movement to occur from the coarse- . 
textured sandy loam topSOil material into the finer
textured clay loam spoil, the topsoil material must 
first become saturated (or nearly so). This require
ment appears to have been satisfied at this location, 
however, water movement appears to have occurred 
in a nonuniform fashion. 

DISCUSSION 

HC was measured only at the nonsodic spoil site. 
HC measurements were not made at the other loca
tions because of small infiltration rates. The ex
perimental technique described by Cassel and 
Sweeney (1974) would probably be best suited for 
coarse-textured materials for which unrestricted ver
tical water movement occurs. 

The nonsodic and sodic spoil sites were selected 
to represent water transmission extremes. HC of the 
coarse-textured, nonsodic spoil area was found to be 
much higher than at the sodic spoil location where 
HC could not be easily measured. Hillel (1971) 
reported an infiltration rate of less than 0.04 inches 
per hour for sod ic soils (Table 6). The presence of 
well-aggregated or cracked soils or a crust may 
significantly affect infiltration rates. 



Table 8. Final infiltration rate for selected soil types. I 

Soil Final Infiltration Rate 

(inlhr) 
Sands >0.8 
Sands and Silty Soils 0.4-0.8 
loams 0.2-0.4 
Clayey Soils 0.04-0.02 
Sadie Clayey Soils <0.04 

IFrom Hillel (1971). 

Previous studies in western North Dakota have 
also shown infiltration on sodic spoils to have been 
limited (Gilley et al., 1976). The most significant 
change in water storage was found to occur within 
the top few inches of the spoil profile. Tillage of 
sodic spoil prior to topsoil placement was found to 
produce little effect on increased water flow into the 
spoil medium (Gilley, Gee and Bauer, 1977). 

Subsurface soil characteristics were found to 
greatly influence infiltration on both the undisturbed 
and topsoil over sodic spoil sites. The surface 
material on both of these areas was of sandy loam 
texture. As can be seen from information presented 
by Israelsen and Hansen (1962) in Table 6, the sandy 
loam surface material would be expected to have a 
relatively large infiltration rate. However, infiltration 
on these sites was reduced because of restrictions 
to water movement occurring within the profile. 
Thus, if water movement is to be accurately 
estimated on reclaimed sites, identification of soil 
properties within the profile is required. 
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Power et al., (1974) reported that small grains ex
hibit significant root growth and activity into 4 feet 
of soil. Grass roots in the western portion of North 
Dakota were found to extend well into the fifth or 
even sixth foot while penetration of alfalfa roots may 
reach depths greater than 8 feet. On reclaimed sites 
with established grass cover in western North 
Dakota, Schroeder and Bauer (1983) seldom 
measured changes in water storage below a 4-foot 
depth. Since water movement is influenced by 
underlying soil properties, identification of soil 
characteristics on reclaimed sites to a depth of up to 
10 feet may be necessary. 

Water-Holding Capacity 

In situ water-holding capacity was measured only 
on the nonsodic spoil site. Because of restrictions to 
downward water movement, measurements of water
holding capacity were not possible at the other loca
tions. Analyses of soil samples collected on sites 
with restricted drainage indicate water content 
val ues above FC. 

On the nonsodic spoil site, values for available 
water calculated using in situ FC measurements 
were considerably higher than those determined 
using the V3 bar pressure plate method (Figure 1). 
Cassel and Sweeney (1974) reported similar results 
for other coarse-textured soils. Thus, the method us
ed to make soil water determinations appears to 
significantly affect estimated available water. 

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 

Profile depth, inches 

Figure 1. Cumulative available water in the top 5 feet as measured by the pressure plate and membrane method and the in situ 
method. 
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• Water-ho.lding capacity fo.r co.arse-textured 
materials such as tho.se fo.und o.n the no.nso.dic spo.iI 
site is limited. Cro.ps with a large water co.nsumptive 
requirement o.r shallo.w ro.o.ting depth wo.uld pro.
bably no.t be pro.ductive at this Io.catio.n. Because o.f 
its relatively deep ro.o.ting depth and abilty to. sustain 
water stress, crested wheatgrass appears to. be well 
suited fo.r this Io.catio.n. 

SUMMARY AND CONCLUSIONS 

• 
Info.rmatio.n o.n HC and water-ho.lding capacity o.f 

reshaped strip-mined materials are needed fo.r 
develo.pment o.f impro.ved reclamatio.n pro.cedures. 
Saturated flo.w thro.ugh 10-fo.o.t square so.il mo.noliths 
was measured. So.il samples fo.r water co.ntent deter
minatio.ns were co.llected befo.re and after water ap
plicatio.n.

• Water mo.vement and sto.rage within an undisturb

• 

ed so.il, no.nso.dic spo.iI, so.dic spo.iI and to.pso.iI o.ver 
so.dic so.iI were measured. HC in the undisturbed 
so.iI, so.dic spo.il and to.pso.iI o.ver so.dic spo.il was 
fo.und to. be minimal. At the no.nso.dic spo.iI Io.catio.n, 
a saturated hydraulic co.nductivity o.f 1.5 inches per 
ho.ur was measured. 

• 

Initial water co.ntent o.n the undisturbed so.il, no.n
so.dic spo.il and to.pso.il o.ver so.dic spo.il was near 
PWP. At the so.dic spo.il Io.catio.n, initial water co.n
tent belo.w 6 inches was fo.und to. be greater than FC. 
Bulk density, particle size distributio.n and water 
sto.rage characteristics were fo.und to. vary little in 
the to.p 5 feet o.f the no.nso.dic spo.il pro.file. 

• 
Because o.f restrictio.ns to. drainage o.ccurring 

within the pro.files, final water co.ntent o.n the un
disturbed and the to.pso.il o.ver so.dic spo.iI sites was 
larger than FC. Water mo.vement within the so.dic 
spo.Il appeared to. have o.ccurred in a no.nunifo.rm 
fashio.n since excess quantities of water were fo.und 
at vario.us Io.catio.ns within the pro.file. 

• If HC and water-ho.lding capacity are to. be ac
curately estimated in reclaimed so.ils, characeriza
tio.n o.f the so.il pro.file is required. Restrictio.ns to. 
water mo.vement o.ccurring belo.w the ro.o.t zo.ne may 
significantly affect permeability and sto.rage 
characteristics. Identificatio.n o.f so.iI pro.perties o.n 
reclaimed sites to. a depth o.f up to. 10 feet may be 

• necessary. 
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