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Runoff and Erosion From Snow -Melt 


on Surface Mined Sites in Western 


North Dakota 


John E. Gilley, Glendon W. Gee, Armand Bauer-

INTRODUCTION 

A knowledge of methods to maintain soil 
erosion losses within acceptable limits is needed 
for efficient land management. Information has 
been collected since 1930 on runoff and erosion 
from small field plots under a variety of inter­
related soil, crop and climatic conditions. These 
data have been incorporated into a soil loss equa­
tion used for predicting rainfall-erosion losses 
from cropland (12). 

Excessive soil erosion sometimes results from 
construction activities at urban and residential 
development sites (1, 9). Meyer, et al. (7) measured 
54 tons per acre erosion from 5 inches of intense 
rainfall on an exposed subsoil site with a 12% 
slope gradient. Similar excessive soil losses could 
occur on lands disturbed by surface mining. By 
the year 2000 over 200,000 acres in the Northern 
Great Plains states of Montana, Wyoming, North 
Dakota and South Dakota are expected to have 
been committed to energy development (11). 

Snow-melt runoff produces a significant per­
centage of the total annual runoff in many north­
ern areas of the United States (2, 10). Little de­
tailed information on soil losses from snow-melt 
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however, is presently available. The purpose of 
this investigation was to determine erosion and 
runoff losses associated with snow-melt from typi­
cal surface mined areas in North Dakota. 

PROCEDURE 

Runoff and erosion studies were conducted 
at the North American Coal Corporation Indian 
Head mine near Zap, North Dakota. The treat­
ments included a native range site; three spoil 
sites representing three textures; and a site at 
which topsoil was placed on spoil material. 

The native rangeland site of sandy loam tex­
ture was located on an 8.6% slope. The grass cover 
was last harvested in September, 1974. 

Bare spoil plots of sandy clay loam texture 
were located on slope gradients of 4.8 and 17.6%, 
while plots with slopes 01 10.0 and 12.9% were 
established on clay loam and silty clay loam spoil, 
respectively. The sodium absorption ratios (SAR) 
of these spoils was 33 or greater. Study site char­
acteristics are described in Table 1. 

The treatment of sandy loam topsoil thickness 
of 6 inches was established in July 1975 on a slope 
of 8.9%. The topsoil was taken from a soil classi­
fied as a Flaxton sandy loam. The clay loam spoil 
material of SAR 37 on which the topsoil was 



Table 1. Study Site Characteristics 
Particle Size Analysis, 

Surface Slope, Bulk Density' 
% by Weight 

Materiol Texture' % SAR' g/cm 3 Sand Silt Cloy 

Rangeland 
SL 8.6 0.3 1.12 63 23 14 

Spoil 
SCL 4.8 41 1.34 58 25 17 
SCL 17.6 37 1.40 58 19 23 
CL 11.3 37 1.31 31 38 31 
SiCL 13.4 33 1.14 12 49 39 

Topsoil 
SL 8.9 3.4 1.40 54 26 20 

'SL - sandy loam, SCL - sandy clay loam, CL - clay loam, Si CL - siLty clay loam. 
'When concentrations are expressed in milliequivalents per liter, SAR = Nal[(Ca+Mg)12H. 
3Bulk density determinations were taken at the 0-6 inch soil depth. 

placed was disked to a depth of 3 to 4 inches prior 
to topsoil placement. 

The area on which the spoil and topsoil sites 
were located was mined in 1971 and reshaped in 
1973. Plot borders were installed in October and 
November 1974. The spoil and topsoil plots were 
rototilled four times during the summer of 1975 
with the final tiHage operation conducted in early 
November 1975. 

The nonreplicated plots were 13.3 feet across 
the slope by 72.6 feet long. All plots were located 
on north facing slopes. Four-foot snow fences were 
installed in early November near the east and 
west borders of each plot. A runoff plot installa­
tion, including snow fences, is shown in Figure 1. 
Electrical heating equipment was employed to 
prevent freezing of the measuring and storage 
equipment. Samples for soil loss determinations 
were collected daily during the snow-melt period. 
The runoff plot equipment is diagrammed in 
Figure 2. 

Figure 1. Runoff plot installation 
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Figure 2. Runoff plot equipment 



RESULTS AND DISCUSSION 

Snow Sampling 

The snow cover on the plots was core sampled 
prior to spring thaw to determine snow depth, 
equivalent water depth and snow density. Snow 
density is the water equivalent of the snow pack 
divided by the snow depth. The January 26 core 
sampling (Appendix Table 7) represents snow 
pack conditions prior to initiation of runoff. Snow 
cover information after the initial, but preceding 
the second runoff period, is presented in Appendix 
Table 8. Snow depth decreased and snow density 
increased from the January 26 to March 8 sam­
pling dates as a result of thawing during the per­
iod. 

Runoff and Erosion 

The primary runoff events occurred on Febru­
ary 16 to February 28 and March 9 to April 2. The 

snow-melt contribution in February was small 
compared with the March runoff flows. Informa­
tion on erosion and runoff on a daily basis for each 
of the runoff plots is presented in Appendix Tables 
1-6. 

The soil content of runoff was greater from 
the spoil than from the topsoil and rangeland 
sites. Data of the total runoff and erosion from 
each of the plots are presented in Table 2. Snow 
water equivalents listed in the table were taken 
from the March 8 sampling date. Comparing the 
snow water equivalents prior to snow melt with 
total runoff yields useful information on runoff 
trends. But it should be recognized that significant 
portions of the snow cover could have been lost 
as a result of sublimation. 

Runoff as a percentage of the snow water 
equivalent was least on the rangeland, 41%, and 
greatest on the topsoil site, 71 %. Runoff from the 
spoil locations averaged 17, 53, and 56% on the 

Table 2. Runoff and Erosion from Snowmelt at Surface Mined Sitesl 

Surface Snow Water Soil Content Soil 
Material Texture2 Slope Equivalent' Runoff of Runoff· Loss 

Rangeland 
% iusbl. lusbll O&! TonsLacre 

SL 8.6 7.7 3.18 .01 .04 

Spoil 
SCL 4.8 15.3 7.39 .12 .99 
SCL 17.6 12.7 7.18 .35 2.86 
CL 11.3 11.7 6.59 .37 2.76 
Si CL 13.4 10.2 1.68 .55 1.05 

Topsoil 
SL 8.9 7.3 5.18 .07 .38 

IThe nonreplicated plots were 13.3 by 72.6 ft. 
2SL - sandy loam, SCL ­ sandy clay loam, CL - clay loam, Si CL - silty clay loam. 
'March 8, 1976 sampling date. 
·Per cent by weight of soil in runoff = (total soil loss/total runoff) x 100. 

silty clay loam, sandy clay loam and clay loam 
sites, respectively. However, several small piping 
holes developed on the silty clay loam plot during 
the thawing period, and it is suggested that this 
contributed to the low measured runoff. Soil pip­
ing and tunneling is reported in various forms and 
intensities on soils of the type present at the spoil 
sites (3, 4, 8). A few piping holes were also present 
on the clay loam textured spoil but none appeared 
on the sandy clay loam site. 

Soil content of runoff on rangeland was 0.01% 
and the soil loss was 0.04 tons per acre. Soil con­
tent of runoff from the spoil plots ranged from 
0.12 to 0.55%, the most occurring on the silty clay 
loam textured plot; soil losses ranged from .99 to 
2.86 tons per acre. Soil loss on the topsoil site was 
.38 tons per acre. 

The effect of slope gradient on sediment yield 
is illustrated by the data from the sandy clay loam 
sites. An increase in slope from 4.8 to 17.6% in­
creased soil loss by almost 200%. 

Due to the presence of snow fences, snow 
depths on the runoff plots were greater than 
would be expected under normal conditions; 
average annual snow-melt would be expected to 
be much less than that measured from the experi­
mental sites. The sandy clay loam spoil with 17.6% 
slope, for example, produced a sediment yield of 
2.86 tons per acre from snow cover containing 12.7 
inches of water. However, the November through 
March mean precipitation for the study area is 
only about 2.7 inches (6). Thus, if all of the average 
November through March precipitation were 
available for snow-melt and if the measured soil 



loss to moisture equivalent is valid, an average 
annual soil loss on the sandy loam spoil of approx­
imately .61 tons per acre would be expected. On 
this basis, erosion from snow-melt on the spoil 
sites also appears minimal. 

Complete evaluation of the effect of natural 
precipitation on runoff and erosion has required 
10 to 20 years of on-site measurements. While 
information obtained from this single study year 
has provided useful information on potential run­
off trends, the values should not be viewed as 
representing an absolute annual loss potential. 
Several more years of soil loss data are needed to 
quantify erosion losses from snow-melt within 
reasonable confidence limits. 

Snowmelt Hydrograpb 

A runoff hydrograph of the snow-melt events 
was obtained from each of the plots. Figure 3 
shows a hydrograph of snow-melt occuring on 
March 25, 1976, and of the first 12 hours of a rain­
fall event on April 17, 1976, in which .71 inches of 
precipitation fell. The snow-melt hydrograph from 
the 4.8% sandy clay loam spoil plot rose slowly to 
a maximum discharge rate, maintained that maxi­
mum rate and then slowly fell. In comparison, the 
rainfall hydrograph showed very rapid fluctua­
tions. 

4.8 % Sandy Clay Loam Spoil Pial 
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Figure 3. Rainfall and Snowmelt Hydrograpbs 

Infiltration from Snow-melt 

Data of soil water on the rangeland, clay loam 
spoil and topsoil plots preceding and following 
snow-melt are listed in Appendix Tables 9, 10, and 
11, respectively. Soil samples were collected ap­
proximately five feet outside of the uphill runoff 
boundary. Snow cover at the sample collection 
points was slightly less than the average depth 
over the runoff plots. The snow melted at the sam­
ple collection points by March 20. Soil samples 

for water content were collected on February 18, 
March 22 and April 19. 

The February 18 soil sampling on the range­
land plot, taken through the snow pack, indicated 
a soil water gradient of decreasing soil water with 
depth. This is attributed to thermal factors as soil 
water moves from areas of higher to lower temper­
atures. More uniform water distribution was ap­
parent on the March 22 and April 19 sampling 
dates. 

Less soil water was present in the upper foot 
of the rangeland site following snow-melt than 
existed prior to the period of thawing. Little 
change in water content was apparent at the 3- to 
12-inch depth between March 22 and April 19. 
Evaporation perhaps caused the changes at the 
0- to 3-inch depth. 

Soil water at the 3- to 12-inch depth on the 
clay loam spoil showed little variation between 
the three sampling dates. Perhaps a slight increase 
in water content occurred near the surface as a 
result of snow-melt. Variations in soil water at 
the 0- to 3-inch depth between March 22 and April 
19 are again attributed to evaporation. 

Soil water content of the underlying spoil 
materials at the 6- to 9-inch depth on the topsoil 
plot was variable, but at greater depths there was 
little difference among dates. Less total soil water 
was present after snow-melt, as was the case on 
the rangeland site. Although total soil water of the 
topsoil material was similar on the February 18 
and March 22 dates, water content was greater at 
the 3- to 6-inch depth following snow-melt. As was 
the case on the rangeland and spoil plots, infiltra­
tion from snow-melt produced little effect on 
changes in soil water content near the upper por­
tion of the soil profile. 

SUMMARY 

Runoff and erosion were measured from sites 
representing typical mined and pre-mined condi­
tions. The data show: 

1. 	Runoff averaged 41%, 48% and 71% of 
snow water equivalent for the rangeland, 
spoil and topsoil plots, respectively. 

2. 	 Soil loss for the rangeland, spoil and top'" 
soil plots averaged .04, 1.92 and .38 tons per 
acre, respectively. 

3. 	 An increase in slope on sandy clay loam 
spoil from 4.8 to 17.6% resulted in an in­
crease in erosion from .99 to 2.86 tons per 
acre. 

4. 	 Soil content of runoff was greatest near the 
end of the snow-melt period. 



5. 	Average annual erosion from snow-melt on 
the rangeland, spoil and topsoil materials 
is expected to be minimal. 

6. 	 Soil water content in the upper foot of the 
rangeland and topsoil plots decreased fol­
lowing completion of snow-melt with a 
slight increase in soil water apparent on the 
spoil plot. 

7. 	Measurements of runoff against time indi­
cate a gradual rise and descent of the snow­
melt hydro graphs. 
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Appendix Table 1. Runoff and Erosion from Snow- Appendix Table 3. Runoff and Erosion from Snow-
melt on Sandy Loam Rangeland with 8.6 % meli on Sandy Clay Loam Spoil with 17.6 % 
Slope.' Slope.' 

Soil Soil 
Content Content 

Dote RunoH Soil loss of Runoff Dote RunoH Soillo.. of Runoff 
mo.-dal inch•• lb. % mo.-day inch•• lb. % 
2-23 .01 .02 .03 	 2-18 .01 .11 .42 

2-19 .01 .062-24 .17 .17 .02 	 .51 
2-23 .03 1.04 .732-25 .02 .01 .01 2-24 .21 5.32 .492-26 .09 .05 .01 2-25 .03 .43 .26

3-17 .04 .04 .02 2-26 .25 3.03 .24 
3-18 1.83 1.09 .01 2-27 .07 .98 .24 

2-28 .01 .05 .153-19 .47 .24 .01 
3-9 .03 .08 .063-20 .27 .14 .01 3-16 .03 .07 .043-22 .07 .00 .00 3-17 .14 1.07 .14

3-23 .19 .10 .01 3-18 .36 1.30 .07 
3-24 .02 .02 .02 3-19 1.02 3.10 .06 

3-20 .68 2.94 .09'The nonrepticated plot was 13.3 by 72.6 ft. 3-22 .20 .72 .07 
3-23 .85 7.74 .43 
3-24 .09 .60 .13 
3-25 .29 1.88 .13 
3-26 .61 5.68 .19 
3-27 .54 9.88 .36 
3-28 .33 6.44 .39 
3-29 .52 21.39 .81 

Appendix Table 2. Runoff and Erosion from Snow- ~-30 .27 15.28 1.11 
3-31 .27 18.04 1.31mell on Sandy Clay Loam Spoil with 4.8% 4-1 .27 17.35 1.26

Slope.' 4-2 .06 3.02 .95 
Soil 'The nonreplicated plot was 13.3 by 72.6 ft. 

Content 
Date RunoH Sail lo•• of RunoH 

mo.-clol Inch•• lb. % 
Appendix Table 4. Runoff and Erosion from Snow­

2-16 .02 .23 .26 
melt on Clay Loam Spoil with 11.3% Slope.' 2-17 .03 .23 .16 

2-18 .03 .23 .16 Soil 
Content2-19 .01 .10 .17 Date RunoH 5011 lo•• of Runoff 

mo••day inches2-23 .02 .15 .17 lb. % 

2-24 .05 .35 .16 2-16 .01 .05 .20 

2-26 .01 .02 .04 2-17 .02 .29 .35 


2-19 .01
3-17 .19 1.13 .12 	 .02 .18 
2-23 .01 .15 .293-18 .33 .83 .05 2-24 .02 .20 .223-19 .36 .36 .02 2-25 .01 .02 .11


3-20 .29 .29 .02 2-26 .03 
 .21 .15 

3-22 .03 .03 .02 2-27 .03 .24 .16 


3-9 .13
3-23 .29 .58 .04 	 .85 .12 
3·16 .40 2.82 .143-24 .31 .63 .04 3-17 .33 1.80 .113-25 .84 2.79 .07 3-18 .65 4.17 .13

3-26 .28 1.66 .12 	 3-19 1.05 9.49 .18 

3-27 1.69 6.98 .08 3-20 1.31 10.89 .16 


3-22 .55 5.47
3-28 1.08 5.16 .10 .20 

3-23 1.01 19.85 .39
3-29 .69 7.54 .22 3-24 .29 14.86 l.033-30 .27 2.71 .20 3-25 .47 27.30 1.15

3-31 .31 4.84 .31 3-26 .25 22.57 1.79 

4-1 .26 7.07 .55 3-27 .01 1.52 2.53 


'The nonreplicated plot was 13.3 by 72.6 ft. 	 'The nonreplicated plot was 13.3 by 72.6 ft. 



Appendix Table 5. Runoff and Erosion from Snow­ Appendix Table 8. Snow Depth. Water Equivalent 
melt on Siliy Clay Loam Spoil with 19.4% and Density at Several Sites on March 8. 1976.' 
Slope.' 

Surface Snow Water SnowSoil 
Material rextur.2 Slope Depth Equivalent DensityContent 

% inches inches
Date Runoff Soil Los. of Runoff 


mo.-clay inch•• lb. % Range­
land
2-12 .01 .32 .60 SL 8.6 16.7 7.7 .462-24 .01 .04 .09 

2-26 .01 .07 .23 Spoil 
2-27 .01 .04 .16 SCL 4.8 39.3 15.3 .39 
3-18 .21 1.68 .15 SCL 17.6 35.7 12.7 .36 
3-19 .31 4.05 .26 CL 11.3 26.3 11.7 .45 
3-20 .29 5.34 .37 SiCL 13.4 25.0 10.2 .41 
3-22 .11 2.21 .40 Top­3-23 .29 10.93 .74 soil3-24 .18 8.48 .90 SL 8.9 16.5 7.3 .443-25 .12 5.72 .94 
3-26 .11 'Average of three holes.7.25 1.26 
3-27 .01 1.29 2SL - sandy loam, SCL - sandy clay loam, CL - clay.59 

loam, Si CL - silty clay loam.'The nonreplicated plot was 13.3 by 72.6 ft. 

Appendix Table 6. Runoff and Erosion from Snow­
meli on Sandy Loam Topsoil with 8.9% Slope.' Appendix Table 9. Inches of Soil Water in Sandy 

Soil Loam Rangeland at Several Dates. 1976. 

Content 


Date Runoff Soil La•• of Runoff Soil Depth(inche.)' 

mo.-clay inches lb. % Date 0-3 3-6 6-9 9.12 


mo.-clay inches water
2-19 .01 .01 .05 
2-23 .05 .18 .07 2-18 1.48 .88 .83 .52 
2-24 .15 .16 .02 3-22 1.07 .72 .68 .74
2-25 .01 .01 .01 4-19 .71 .71 .57 .602-26 .01 .01 .01 

1AVerage of four holes. 2-27 .01 .00 .01 

2-28 .01 .01 .02 

3-9 .22 .11 .01 

3-16 .33 .49 .03 

3-17 Appendix Table 10. Inches of Soil Water in Clay.32 .32 .02 

3-18 1.24 2.46 .04 Loam Spoil at Several Dates, 1916.' 

3-19 1.15 6.02 .03 


Soil Depth (inche.) 3-20 1.15 2.00 .03 Date CI-3 3-6 6-9 9-123-22 .28 1.94 .14 mo.-clay inches water 
3-23 .24 3.27 .27 

2·18 1.35 .72 .68 .71'The nonreplicated plot was 13.3 by 72.6 ft. 
3-22 1.62 .87 .60 .57 
4-19 .91 .66 .70 .57Appendix Table 1. Snow Depth. Water Equivalent 

'Average of four holes. and Density at Several Sites on January 26. 
1976.' 

Surface Sn_ Water Sn_ 
Material rexture2 Slope Depth Equivalent Den.ity Appendix Table 11. Inches of Soil Water in Sandy% inchu jo,h•• 
Range- Loam Topsoil over Clay Loam Spoil at Several 

land Dates, 1976.'
SL 8.6 28.8 7.5 .26 

Soil Deeth linche.) Spoil 
Date CI-3 3-6 6-9 9-12 12·15 15.18SCL 4.8 39.6 9.6 .24 

SCL 17.6 36.0 9.7 .27 lj.. 1
Go Go ~ '0 ~ ifCL 11.3 33.6 11.1 .33 a a Go Go Go Go .e ~ ~SiCL 13.4 27.6 9.5 .34 
.e ~ ~ 

Top- mo.-clay inches water 

soil 2-18 1.38 .1.18 .97 .76 .78 .81SL 8.9 27.6 9.1 .33 3-22 1.03 1.34 .76 .73 .74 .66
'AVerage of three holes. 4-19 .73 .83 1.00 .72 .65 .692SL - sandu loam, SCL - sandy clay loam CL - clay 

loam, Si CL - silty clay loam. ' 'Average of fouT holes. 








