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3.0 RESULTS 

This section presents the results of the analysis performed on the collected data from the 

five sample locations. 

3.1 Flood Dischar~e 

Natural basin data and computed flood discharge values for all study areas are provided 

in Tables 3-1 through 3-5. A comparison of the flood discharge values indicates that regional 

analysis estimates vary from approximately 0.7 to 7 times greater than discharge estimates 

obtained using rainfall-runoff simulation. 

3.2 Hvdraulic Parametee 

Based on the computed flood discharge values and using surveyed cross section and slope 

values, hydraulic parameters (flow area, velocity, depth, and topwidth) based on normal flow 

conditions at each cross-section for the various flood events were calculated. These results are 

presented in Tables 3-6 through 3-10 for the various study areas. 

3.3 Channel Bed Sediment 

Channel bed sediment data analyzed from the Powder River Basin Area are presented in 

Table 3-11 and range from well graded gravels to inorganic silt and clay soils. 

3.4 R e m i o n  Analvsis and Confidence Intervals 

Regression analysis was performed on all five study areas to assess the use of basin 

parameters (drainage area, basin slope, and AGI) to predict measured channel slope and 

computed 10 and 100-year hydraulic parameters (flow area, velocity, depth, and topwidth). Of 

the independent parameters examined, drainage area and AGI typically provided the smallest 

standard errors of estimate. By including basin slope in a multiple regression with drainage area 

in many instances did not increase the predictive accuracy of the regressions significantly due 

to the often highly correlated nature of basin slope with drainage area. 
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TABLE 3-1. ROCK SPRINGS AREA DATA 
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TABLE 3-2. HANNA AREA DATA 

BASIN PARAMETERS 

Drainage 
AGI (1) 

DRAINAGE 
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TABLE 3-3. KEMMERER AREA DATA 

BASIN PARAMETERS 

I I Rainfall Runoff I 1 

(1) AGI is the product of Drainage Area and mean Basin Slope 
(2) Parameters BS Md Gf after Lowham (1988) 
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TABLE 3-4. POWDER RIVER AREA DATA 

BASIN PARAMETERS 

DRAINAGE 
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TABLE 3 4  (Continued) 

FLOOD DISCHARGES 

I Russel Draw 

DRAINAGE 
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Rawhide Creek 
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TABLE 3-5. GLENROCK AREA DATA 

BASIN PARAMETERS 

DRAINAGE 

SS-1 
SS-2 
SS-3 
SS4 
ss-5 
SS-6 
SS-7 
SS-8 
SS-9 

SS-10 
SS-11 
SS-12 

Mean 
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(mi21 (WmO (AC~OS) 

Rainfall Runoff 
Analysis 
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(1) AGI is the product of Drainage Area and mean Basin Slope 
(2) Parameters Pr and Gf after Lowham (1988) 
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497.05 1.1 
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581.54 1.1 
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1.08 1.43 
0.64 0.61 
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0.68 0.80 
0.92 1.12 
0.89 1.08 
1.01 1.27 



TABLE 3-6. ROCK SPRINGS AREA HYDRAULIC DATA 

Rainfall RI 
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TABLE 3-7. HANNA AREA HYDRAULIC DATA 

Channel 
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TABLE 3-8. KEMMERER AREA HYDRAULIC DATA 

I hintall Runoff M p i n  I Regional Analvia 
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AREA VEL DEPTH TOPWID 

FLOW 
AREA VEL DEPTH TOPWID 

FLOW 
AREA VEL DEPTH TOPWID 

FLOW 
AREA VEL DEPTH TOPWID 



TABLE 3-9. POWDER RIVER BASIN AREA HYDRAULIC DATA 
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TABLE 3-10. GLENROCK AREA HYDRAULIC DATA 

Channel 
DRAINAGE Slope 

JOHNSTON SS-1 0.01 14 

88-2 0.0098 
38-3 0.0220 
SS-4 0.0100 
S S J  0.0193 
SS-6 0.0418 
SS-7 0.0133 
SS-8 0.0142 
SS-0 0.0080 

ss-10 0.0188 
SS-11 0.0210 
SS-12 0.0244 
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TABLE 3-1 1. SIEVE ANALYSIS RESULTS, POWDER RIVER BASIN PREMINED CHANNELS 

SOIL % Passin D50 
BASIN X-SEC CLASSIFICATION* #200 (mm) 

Unnamed Trib. Rawhide Creek 

Theilen Draw 

Unnamed Trib. Belle Fourche 

East Fork Hay Creek 

H A Creek 

Horse Creek 

School Creek 

NOTES: 

* SOIL CLASSIFICATION DESCRIPTION 
GW - WelCgraded gravels and gravel-sand mixtures. little or no fines 
ML - Inorganic silts, very fine sands, rock flour. silty or clayey fine sands 
SP - Poorly graded sands and gravelly sands, little or no fines 
SW - Well-graded sands and gravelly sands, little or no fines 

"% Passing H00" represents the percent of sample passing the #200 standard sieve 
'DSO' represents median grain size in millimeters 



During regression analysis, it was noted that drainage area could serve equally as well 

as an independent basin parameter as AGI; drainage area is simpler to derive than AGI and gave 

strong correlations with channel slope and hydraulic parameters. Confidence intervals are 

plotted about the mean regression line and provide a range of acceptable design criteria for the 

stability test. The stability test is described in an example application in a later section. 

3.4.1 Rock Springs Area 

The results of the regression andysis for the Rock Springs area are presented in Table 

3-12. Figures presenting these results graphically, including one- and two-tailed confidence 

bands as described in the Methods section, are included in Appendix A. 

As can be seen from the correlation coefficients and the graphics, both the rainfall-runoff 

and regional analyses show very good correlation, with correlation coefficients in the 0.80 to 

0.99 range. Of the more important design parameters, (channel slope, flow area, and flow 

velocity) flow area consistently shows the highest degree of correlation with drainage basin 

parameters. Nevertheless, good results were also obtained for flow velocity and channel slope 

as well as the channel shape variables of flow depth and topwidth. It would have been desirable 

to have a continuous range of drainage basin sizes but the availability of data from mine permit 

applications limited the selection of drainage basins. 

3.4.2 Hama Area 

The results of the regression analysis for the Hanna area are presented in Table 3-13. 

Appendix B contains figures presenting these results graphically along with one and two-tailed 

confidence bands. 

The Hanna area results mirror those found for the Rock Springs area. Excellent 

correlation exists between the drainage basin parameters of drainage area and AGI against the 

hydraulic channel parameters. Flow area, again, exhibits the strongest relationships. However, 

very high correlation coefficients also were found for channel slope and flow velocity. Similar 

again to the Rock Springs data set, a more continuous range of drainage basins sizes would have 

been desirable. 



TABLE 3-12. REGRESSION RESULTS FOR ROCK SPRINGS AREA (1) 

where, OA = Drainage Area (mi .*) 
AGI = Area Gradient Index (acres) 

and Y = EO * CX) E l  

10-Year Flow Arm 
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I I &Year Flow Topwidth 

I 100-Year Flow Area 
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DA 
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AGI 

DA 
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DA 
AGI 
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DA 
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D A 
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DA 
AGI 
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(1) n = 23 drainages 



TABLE 3-1 3. REGRESSION RESULTS FOR HANNA AREA (1) 

2 where, DA = Drainage Area (mi. ) 
AGI = Area Gradient Index (acres) 

and Y = Bo * ( x ) ~ '  

'uameter, Y 
e - 

Channd Slope 

IAINFALL-RUNOFF ANALYSIS 
10-Year Flow Area 

1 O-Year Flow Velocity 

10-Year Flow Depth 

10-Year Flow Topwidth 

100-Year Flow Arm 

100-Year Flow Velocity 

100-Year Flow Depth 

'EGIONAL ANALYSIS 
10-Year Flow Area 

10-Year Flow De@h 

1 0-Year Flow Topwidth 

1 W e a r  Flow Area 

100-Year Flow Velocity 

100-Year Flow Depth 

100-Year Flow Topwidth 

AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 
DA 
AGI 

DA 
AGI 

D A 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 
DA 
AGI 

DA 
AGI 

DA 
AGI 

D A 

AGI 

(1) n = 12 drainages 



3.4.3 Kemmerer Area 

As only three basins were available for study in existing permits, the Kemmerer area has 

insufficient data to develop regression relationships. These data were used to test differences 

between study areas which are discussed in a later section. 

3.4.4 Powder River Basin Area 

In addition to the standard regression analyses performed to assess the use of basin 

parameters to predict measured channel slope and computed hydraulic parameters, channel bed 

sediment data were available for 19 of the 31 basins. To be consistent, results obtained from 

the entire data set of 3 1 basins, without the benefit of bed sediment data will be presented first. 

Subsequent sections will discuss results based on the use of bed sediment data. 

3 3  

The results of the regression analysis are presented in Table 3-14. Figures presenting 

these results graphically, including confidence bands, are contained in Appendix C. 

Regressions for the Powder River Basin show good results for the determination of flow 

area and flow depth. In contrast with results from previously presented study areas, regression 

coefficients are less strong for channel slope and flow velocity, and this is reflected in the wider 

confidence bands determined for these relationships. Very poor regressions were found for the 

determination of flow topwidth. A portion of the poor relationships encountered may be 

explained by the fact that this data set encompasses, by far, the largest geographical area of the 

data sets studied. 

The inherent assumption in the regression relationships thus far derived is that the 

unaccounted for sources of variation within each data set are minimized by selecting basins 

within a relatively close geographical area. This assumption breaks down when large 

geographical areas are used. 

To this end, methods of dividing the Powder River Basin data set into distinct areas were 

investigated. The most recent work related to this effect is provided in Jensen (1994) and 

Anderson (1994). In these related studies, the morphology of drainage basins (shape and size) 

were found to be influenced primarily by the lithologic unit into which the channels are cut. To 



TABLE 3-14. REGRESSION RESULTS FOR POWDER RIVER BASIN AREA (1) 

where, OA = Drainage Area (mi.') 
AGI = Area Gradient Index (acres) 

and Y = Bo * (xjB1 

10-Year Flow Area 

1 &Year Flow Velocity 

I 10-Year Flow Depth 

1 1 &Year Flow Topwidth 

100,Year Flow Area 

I 1 OPYear Flow Vdocity 

100-Yaar Flow Depth 

I 1 00-Year Flow Topwidth 

REGIONAL ANALYSIS 
1 @Year Flow Arw 

I 10-Year Flow Velocity 

I 1 @Year Flow Depth 

I 100-Year Flow Area 

100-Year Flow Vdocity 

1 00-Year Flow Depth 

100-Year Flow Topwidth 

(1) n = 31 drainages 

Independent 
Puunet r ,  X 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 
DA 
AGI 

D A 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

D A 
AGI 

DA 
AGI 
DA 
AGI 

D A 
AGI 

DA 
AGI 

DA 
AGI 

Correlation 
CMic lont ,  r 

0.61 
0.55 



discuss differences in near surface geology of Powder River Basin channels, a classification of 

A, B, and C was developed (termed "stratum" by Jensen (1994) and Anderson (1994)). 

"Stratum A" was applied to channels dominantly within the Fort Union formation with a broad 

range of basin sizes (0.48-7.43 square miles), "Stratum B" indicates Wasatch and Fort Union 

formation combined, with smaller basin areas (less than 2.6 square miles), and "Stratum C" was 

assigned to large basins solely in the Wasatch formation (2.58 to 8.65 square miles). 

The "stratum" classification system was tested to see if stronger regression relationships 

could be derived on the basis of drainage basin IithoIogy. The data set contains nine Strata A 

basins, nine Strata B basins, and 13 Strata C basins. Only the Strata C basins were significantly 

different from the rest of the Powder River Basin data. Regression results obtained by splitting 

the data set along Strata AIB and Strata C division lines show improved correlation coefficients 

for the Strata A/B data set, but reduced correlation coefficients for the Strata C. 

3 -4.4.2 Regressions with Channel Bed Sediment DaQ 

Channel bed sediment data were derived for 19 of the 31 basins in the Powder River 

Basin study area. 

summarized below. 

Strata A 
Strata B 
Strata C 

An analysis of the bed sediment results according to basin strata are 

Mean % 
Mean Std. passing 

n - &,(mm) Dev. &00 sieve 

7 2.60 2.59 17% 
5 0.19 0.13 31 % 
7 0.08 0.03 55 % 

Std. 
Dev, 

25 % 
22 % 
14 % 

These results show the differences between strata found by Anderson (1994) and Jensen 

(1995), are apparent in the bed sediment data. The Strata A basins have predominantly larger 

sized bed sediment material, the Strata B consists of a fairly consistent band of mid-sized bed 

sediments and the Strata C basins contain, quite uniformly, the smallest bed sediment materials. 



This may help to explain the previously mentioned findings, that regression correlation 

coefficients significantly improved with the removal of the Strata C basins and that poorer 

relationships existed amongst the remaining Strata C basins when considered alone. As the 

amount of silt and clay material increases in soils, cohesive forces which are difficult to 

characterize, become more significant. 

To test this theory, the 19 basins with bed sediment data were divided according to those 

with 20% of material passing the #200 sieve. These result are presented in Table 3-15. 

Correlation coefficients above 0.97 were found for channel slope, flow area and flow depth. 

Correlation coefficients for flow velocity and topwidth, however, showed marked declines. 

Another approach to include bed sediment in the predictive process is to include a bed 

sediment parameter as an independent variable in a multiple regression. These regression results 

are also presented in Table 3-15. The resulting correlation coefficient values show the strength 

of the derived relationships improved with the addition of DM data and statistical test confmed 

the significance of this parameter in predicting channel slope, flow area and flow depth. 

However, good relationships (R2 ~ 0 . 5 0 )  were not found for flow velocity or flow topwidth. 

These results, taken together, seem to support channel sediment as an important 

parameter in the formation of channels in the Powder River Basin; this probably holds true of 

all of the study areas. However, differences in channel sediments in smaller geographical areas, 

typical of the other study areas examined, were insufficient to detract from the strength of the 

resulting correlation coefficients. 

3.4.5 Glenrock Area 

The results of the regression analysis are presented in Table 3-16. Figures presenting 

these results graphically, including one and two-tailed confidence bands are presented in 

Appendix D. Good correlations were found for channel slope and flow area. Acceptable 

regression results were obtained for flow depth and topwidth. Flow velocity, however did not 

show good correlation with either drainage area or AGI. A larger spread of drainage basin sizes 

may have helped this situation. 
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TABLE 3-15. REGRESSION RESULTS FOR POWDER RIVER BASIN AREA WITH BED SEDIMENT DATA 

R n u b  wlth c h n d a  wlth i n s  than 2096 d bad madimant matuial passing tho X200 siovm (n=7) 

here ,  DA = Drainage Area (mi.2) 

and Y = BO * (xlB1 

Rowits using MO of bad sodlmont matorid as indmpondont paramotr (n-19) 

1 &Year Flow Area 

1 0-YW Flow Velocity 

1 0-YW Flow W t h  

2 where, DA = Drainage Area (mi. ) 
DS0 = Median Grain Size (mn) 

and Y = Bo * ( x ~ ) ~ '  * (x2)'l 

100-Year Flow Area 

100-Year Flow Velocity 

100-Year flow Depth 

1 00-Year Flow Topwidth 

10-Year Flow Area I DA, DSO I 25.017 

1 &Year Flow Velocity 0.1 19 

D A 

DA 

DA 

DA 

10-Year Flow To~width I DA. D50 I 18.804 1 0.1 72 

100-Year Flow Area DA. 050 70.426 0.690 

1 00-Year Flow Velocity DA, D50 5.445 0.089 

100-Year Flow Depth DA, DSO 4.230 0.473 

100-Year Flow Topwidth DA, 050 28.981 0.220 

65.487 

5.495 

4.653 

20.829 

0.883 

0.030 

0.548 

0.064 

0.99 

0.24 

0.99 

0.43 



TABLE 3-16. REGRESSION RESULTS FOR GLENROCK AREA (1) 

here ,  OA = Drainage Area (mi.2) 
AGI = Area Gradient Index (acres) 

and Y = 80 * (xIB1 

10-Year Flow Area 

1 &Year Flow Vdocity 

1 0-Year Flow Depth 

I 1 &Year Flow Topwidth 

100-Yem Flow Area 

100-Year Flow Vdocity 

100-Year Flow Depth 

I 1 DDYear Flow Topwidth 

REGIONAL ANALYSIS 
1 0-Year Flow Area 

I 1 0 i ~ e a r  Flow Velocity 

I 10-Year Flow Topwidth 

100-Year Flow Area 

I 100-Year Flow Vdocity 

I 100-Year Flow Depth 

100-Year Flow Topwidth 

(1 ) n = 12 drainages 

AGI 

DA 
AGI 

DA 
AGI 

D A 
AGI 

DA 
AGI 
DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 

DA 

AGI 

DA 
AGI 

DA 
AGI 

DA 
AGI 
DA 

AGI 

DA 

AGI 

DA 
AGI 

DA 

AGI 



In WWC's 1993 work it was found that there were no significant differences between 

natural channel data for the Rock Springs and Hanna areas and, therefore, the two sites could 

be considered one population. Analyses were performed to test whether or not regression 

equations are applicable to larger areas. Figure 3-1 presents the results for each of the four 

study areas using drainage area to predict channel slope. As can be seen, and as was borne out 

in the performance of statistical tests, only the Powder River Basin area is significantly different 

from the derived relationships for the other study areas (Rock Springs, Hanna, and Glemock). 

Checks of the significance of geographical factors for the remaining hydraulic parameters 

revealed a variety of results which, in general, showed the existence of differences between 

study sites, especially where very strong local regression relationships were found. 

In general, these results indicate that when available, data from nearby channels is 

preferred. This result was not completely unexpected. Differences between study sites probably 

are manifested in a continuous manner. The inherent assumption in the relatively simple 

relationships thus far derived is that unaccounted for sources of variation within each data set 

are minimized by selecting basins within a relatively close geographical area. As basins from 

further distances are grouped together, more opportunities exist for variation. The results 

presented in Figure 3-1 shows the relationships between drainage area and channel slope to be 

similar for Rock Springs, Hanna, Kemmerer and Glenrock. 

Since the Kemmerer study site lacked sufficient data to determine local regression 

coefficients, Kemmerer data were tested with the Rock Springs data set to determine the 

existence of statistical differences. The limited Kernmerer data were not statistically different 

from the Rock Springs data. Until better local equations are determined for the Kemmerer area, 

the regression equations and graphs derived for the Rock Springs area be used as a guide to the 

selection of appropriate ephemeral channel design values for the Kemmerer area. 



Figure 3-1. Regression Lines for 
Channel Slope by Study Area 

Drainage Area (sqmi.) 

- Rock Springs . . ... . . .. . .. Hanna A Kernmerer 1 I ------ Powder River Basin --"" Powder River Basin* "'"'""' Glenrock I 
* Powder River Channels with less than 20% passing the #200 sieve 



3.6 Channel Design Exam~le and Stabilitv Evaluation 

To illustrate the use of our stability assessment of a channel design based on regression 

results, a hypothetical example is provided. Suppose a mine in the Powder River Basin is faced 

with reclaiming an ephemeral channel. The basin to be reclaimed is situated within the range 

of premined ephemeral channel information presented in this report, has a drainage basin area 

of 0.5 mi2, and no bed sediment data are available. Using the graphs presented in Appendix C 

(Figures C-1 through C-5), the following characteristics are determined based on varying levels 

of confidence for the lOeyear event determined by rainfall-runoff analysis. 

Confidence Level 
Parameter 99% XEi 50 %(I) 

channel slope, (Wft) .011 .013 .014 
flow area, (ft2) 52 49 45 
flow velocity, (fps) 4.8 5.1 5.4 

flow depth, (ft) -- -- 2.3 
flow topwidth, (ft) -- -- 35 

As depicted by mean regression line 

Depending on the level of confidence determined suitable for the channel to be reclaimed, 

then the above parameters represent the criteria to which the complete reclaimed channel design 

should conform. To complete the design, the designer should also examine hydraulic 

performance during the 10-year event and consider the suitability of a low-flow guide channel. 

Ft&Y onsultants. IX 
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