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Figure 75. Thiessen Polygons used to Provide Weather for Non-Federal Reservoirs. 
 

Distribution of Terrace Types 

Simulation of terrace impacts required a distribution of terrace characteristics across the basin. We 
used results from the field survey to identify the types of terraces distributed across the basin. The 
first characterization was the slope of the terrace channel. We divided the terraces into either flat or 
gradient terraces. Flat-channel terraces retain or detain water in terrace channels to minimize soil 
erosion by water and provide water for crop grown in and adjacent to the channel.  

The fraction of the terraces at a given longitude that have flat channels is given in equation 4 while 
the relationship for computing the fraction of the terraces that are broad-based is given in equation 5. 
The relationships in Figure 76 illustrate the nature of the functions compared to the original data. 
Nonlinear regression provided values for the parameters needed in equations 4 and 5 (Table 21).The 
coefficients of determination in Table 21 show that the relationships are reasonable.  
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Figure 76. Percentage of Broad-Based and Level Channel Terraces Based on the Longitude. 
 

Table 21. Parameters for Terrace Distributions Described in Equations 4 and 5. 

Parameter Value Parameter Value 

GRtlongo -103.6 BBa 1.0 

GRTa -2.074E-05 BBb -0.117 

GRTb 6.251 Range 3.461 

R2 0.99 Longo 97.0 

 
BBexp 2.0 

R2 0.71 

 

Terrace types can be divided into flat or gradient, broad-based or flat channel, and closed or open at 
the end of the terrace. Essentially all of the gradient terraces are broad-based and have open ends. 
The relationships in equation 6 provide estimates of the fraction of level channel terraces for two 
types of channels and end conditions. The results in Figure 77 show the distribution of terrace 
conditions across the basin while the values of the parameters for equation are in Table 22. 
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where: 

BB  = broad-based terraces, fraction 
FC  = flat-channel terraces, fraction  

 

 

Table 22. Distribution of Terrace Types (Fraction) across the Basin. 

 Broad-Base Terraces Flat-Channel Terraces 

Total Longitude 
Gradient Level-Open 

Level-
Closed 

Level-Open 
Level-
Closed 

-97 1.000 0.000 0.000 0.000 0.000 1.00 

-98 0.986 0.002 0.012 0.000 0.000 1.00 

-99 0.288 0.101 0.583 0.001 0.027 1.00 

-100 0.062 0.126 0.729 0.002 0.080 1.00 

-101 0.008 0.123 0.713 0.005 0.151 1.00 

-102 0.000 0.111 0.644 0.007 0.237 1.00 

-103 0.000 0.095 0.552 0.011 0.342 1.00 

-104 0.000 0.077 0.444 0.014 0.465 1.00 

0%

20%

40%

60%

80%

100%

120%

‐104 ‐103 ‐102 ‐101 ‐100 ‐99 ‐98 ‐97

D
is
tr
ib
u
ti
o
n
 o
f 
O
u
tl
et
 T
yp
e

Longitude, degrees

 Closed & Partially Closed

 Waterway

Figure 77. Distribution of Types of Terrace Outlets Based on the Longitude of the Field. 
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Soils 

We derived information for soil characteristics from the Soil Survey Geographic Database 
(SSURGO) provided by the USDA-NRCS. The SSURGO database includes the digital soil survey 
prepared for each county and the associated spatial and tabular data for the soil series in a county. 
The spatial data component is available as an ESRI ArcGIS shape file. The mapping unit keys 
represent the soil types in the attribute tables. The attribute tables include soil properties associated 
with soil series in the shape file. The required soil properties for the POTYLDR model are in the map 
unit, component, and chorizon tables. We reclassified the soil data because each polygon in the 
SSURGO shapefile or coverage represents a different soil type, which may appear more than once 
throughout the dataset. In addition, a single record in the shapefile or coverage may fall into an 
association of multiple horizons. Reclassifying soil data provides delineation of representative 
hydrologic response units in the watershed. Each county also has some unique soil series names but 
the soil is essentially the same across the county line. The POTYLDR model only considers general 
soil types. We processed the SSURGO spatial data to develop a map of the soil types used in the 
POTYLDR model. The AWHCCode represents a range of available water holding capacities for soil 
types, which we computed from SSURGO information. We grouped soils with the same 
AWHCCode into categories that match soil types in the POTYLDR model. The correspondence of 
the codes is in Table 23. The map of the correspondence in Figure 78 shows the distribution of soil 
types for the POTYLDR model. The results show that the majority of the Basin is a deep silt loam 
soil that corresponds to soil type 5 in the POTYLDR model. 

 

Table 23.Correspondence of Water Holding Capacity Codes Derived from the SSURGO Database and 
Codes for the POTYLDR Model.  

AWHCCode POTYLDRcode 

1 11 
2 11 
3 11 
4 11 
5 11 
6 7 
7 7 
8 7 
9 5 

10 5 
11 5 
12 0 
99 0 
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Figure 78. Mapping of SSURGO water-holding capacities to the soil types used with the POTYLDR 
model. 

The Soil Coverage using the POTYLDR Soil Codes Overlaid with the HUC-12 Coverage Provided 
the Distribution of Soil Types Within Each HUC-12. 

Crops 

Representation of the HRU requires the distribution of crop types across the basin. The USDA has 
developed a cropping database called the Crop Data Layer (CDL), which includes GIS coverages of 
the types of crops grown across the United States. The Crop Data Layer was from the USDA-NASS 
for the 2009 crop-growing season. Since that time, a new delivery platform has been develop and is 
now available at http://nassgeodata.gmu.edu/CropScape/. The database is available across the entire 
basin in a geographical format. We believe that the accuracy of the CDL is adequate for the scale of 
this study. The POTYLDR model does not simulate the same crops that are available in the CDL 
database. We developed a cross listing of crops from the CDL to crops simulated with the 
POTYLDR as listed in Table 24. The map in Figure 79 and summary in Figure 80 illustrate the 
distribution of land uses across the Basin. Pasture is dominant representing about 47% of the Basin. 
Corn and small grains are the largest farmed land use. Soybeans and grain sorghum individually 
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represent less than 2% of the Basin and these land uses were included with the acreage for corn to 
represent row crops for the Basin.  

 

 

Figure 79. Spatial Distribution of Crop Types for the POTYLDR Model. 
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Table 24.Correspondence of Codes Between the Crop Data Layer Dataset and POTYLDR Crop Codes. 

Code POTYLDR_Code Crop Data Layer POTYLDR_Crop ID 
0 PC02 Background Misc. 1 
1 PC05 Corn Row Crop 2 
2 PC10 Cotton Row Crop 3 
3 PC10 Rice Row Crop 4 
4 PC15 Sorghum Row Crop 5 
5 PC16 Soybeans Row Crop 6 
6 PC18 Sunflowers Row Crop 7 

10 PC10 Peanuts Row Crop 8 
11 PC10 Tobacco Row Crop 9 
12 PC05 Sweet Corn Row Crop 10 
13 PC05 Pop. or Orn. Corn Row Crop 11 
14 PC10 Mint Row Crop 12 
21 PC13 Barley Small Grain 13 
22 PC13 Durum Wheat Small Grain 14 
23 PC13 Spring Wheat Small Grain 15 
24 PC13 Winter Wheat Small Grain 16 
25 PC13 Other Small Grains Small Grain 17 
26 PC13 W. Wht./Soy. Dbl. Crop Small Grain 18 
27 PC13 Rye Small Grain 19 
28 PC13 Oats Small Grain 20 
29 PC13 Millet Small Grain 21 
30 PC13 Speltz Small Grain 22 
31 PC10 Canola Row Crop 23 
32 PC10 Flaxseed Row Crop 24 
33 PC10 Safflower Row Crop 25 
34 PC10 Rape Seed Row Crop 26 
35 PC10 Mustard Row Crop 27 
36 PC01 Alfalfa Hay & Forage 28 
37 PC07 Other Hays Hay & Forage 29 
38 PC10 Camelina Row Crop 30 
41 PC17 Sugar beets Row Crop 31 
42 PC04 Dry Beans Row Crop 32 
43 PC12 Potatoes Row Crop 33 
44 PC10 Other Crops Row Crop 34 
45 PC08 Sugarcane Misc. 35 
46 PC08 Sweet Potatoes Misc. 36 
47 PC08 Misc. Vegs. & Fruits Misc. 37 
48 PC08 Watermelon Misc. 38 
49 PC08 Onions Misc. 39 
50 PC08 Pickles Misc. 40 
51 PC08 Chick Peas Misc. 41 
52 PC08 Lentils Misc. 42 
53 PC08 Peas Misc. 43 
54 PC08 Tomatoes Misc. 44 
55 PC08 Cranberry Misc. 45 
56 PC08 Hops Misc. 46 
57 PC08 Herbs Misc. 47 
58 PC08 Clover/Wildflowers Misc. 48 
59 PC14 Seed/Sod Grass Misc. 49 
60 PC19 Switch grass Hay & Forage 50 
61 PC06 Fallow/Idle Cropland Fallow 51 
62 PC11 Pasture/Grass Pasture 52 
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63 PC23 Woodland Wooded 53 
64 PC23 Scrublands Wooded 54 
65 PC03 Barren Fallow 55 
66 PC09 Cherry Orchard Wooded 56 
67 PC09 Peaches Wooded 57 
68 PC09 Apples Wooded 58 
69 PC09 Grapes Wooded 59 
70 PC23 Christmas Trees Wooded 60 
71 PC09 Other Tree Nuts Wooded 61 
72 PC09 Citrus Wooded 62 
73 PC09 Other Tree Fruits Wooded 63 
74 PC09 Pecans Wooded 64 
75 PC09 Almonds Wooded 65 
76 PC09 Walnuts Wooded 66 
77 PC09 Pear Wooded 67 
80 PC23 Other Non-Tree Fruit Wooded 68 
81 PC02 Clouds Misc. 69 
82 PC20 Urban/Developed Misc. 70 
83 PC21 Water Misc. 71 
87 PC22 Wetlands Misc. 72 
92 PC21 Aquaculture Misc. 73 

111 PC21 NLCD - Open Water Misc. 74 
112 PC08 NLCD - Perennial Ice/Snow Misc. 75 
121 PC20 NLCD - Developed/Open Space Misc. 76 
122 PC20 NLCD - Developed/Low Intensity Misc. 77 
123 PC20 NLCD - Developed/Medium Intensity Misc. 78 
124 PC20 NLCD - Developed/High Intensity Misc. 79 
131 PC03 NLCD - Barren Misc. 80 
141 PC23 NLCD - Deciduous Forest Wooded 81 
142 PC23 NLCD - Evergreen Forest Wooded 82 
143 PC23 NLCD - Mixed Forest Wooded 83 
152 PC23 NLCD - Scrublands Wooded 84 
171 PC11 NLCD - Grassland Herbaceous Pasture 85 
181 PC11 NLCD - Pasture/Hay Pasture 86 
182 PC10 NLCD - Cultivated Crop Row Crop 87 
190 PC22 NLCD - Woody Wetlands Misc. 88 
195 PC22 NLCD - Herbaceous Wetlands Misc. 89 
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Figure 80. Land use Percentages for the Republican River Basin based on the 2009 USDA-CDL Data. 
 

The crops listed as small grains in Table 24 are primarily wheat. The POTYLDR water balance 
model represents results for small grains by simulating three rotation practices for wheat. Some land 
in the basin grows wheat annually, i.e., continuously cropped. Cropping rotations that employ some 
amount of fallowing to recharge the root zone occur in the western portions of the basin. A survey by 
Wicks et al (2003) provided data to determine the percentage of the wheat cropping practices across 
the Nebraska portion of the basin. Data from the USDA National Agricultural Statistical Service 
(USDA NASS, 2007) provided the amount of continuously cropped wheat across the basin. These 
fractions applied to data from the USDA Crop Data Layer database allowed computation of the 
distribution of each type of wheat production for the hydrological response units across the basin. 

The distribution of wheat cropping practices from the survey by Wicks et al. (2003) as a fraction of 
the land planted to wheat that is in a wheat-fallow rotation (WFf), fraction of wheat that is grown in a 
continuous cropping system (CCf), and an eco-fallow rotation of wheat, corn and fallow (WCFf) is 
listed in Table 25. The fractional distribution was regressed against the average annual precipitation 
(Pm) at the locations used in the survey. The resulting functions are: 

  1.6910.03932
47.98

mP
fWF e 
  (7) 

  2.6640.0003721
7.537

mP
fCC e  (8) 

 1 - -f f fWCF WF CC      (9) 

Results in Figure 81 illustrate the variations of the cropping patterns from the Wick’s survey. 
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Table 25. Distribution of Wheat Rotations in Nebraska (from Wicks et al 2003 - Survey in 1998). 

Rotation 

Western: 
Panhandle and 
Perkins, Chase, 

Dundy 

South-Central: 
Hitchcock to 

Harlan 

Southeastern: 
Franklin to 

Thayer 

Fallow Period 
before Wheat, 

months 

Two-Year Fallow Rotation 

Wheat–fallow 40% 5% 3% 14 

Three-Year Fallow Rotation 

Wheat–corn–fallow 44% 69% 20% 11 

Continuous Cropping 

Wheat–wheat 2% 5% 23% 2 
Wheat–corn or grain 
sorghum 

10% 5% 5% 0 

Wheat–corn–soybean 2% 7% 49% 0 

Wheat–corn–spring grain 2% 9% 0% 5 

Total Continuous Cropping 16% 26% 77% 7 

 

 

 

Figure 81. Figure Used to Determine Type of Wheat Cropping Across the Basin. 
 

These relationships enable computation of the fraction of the total fallowed wheat land that used a 
wheat-fallow rotation, i.e.  /r f f fWF WF WF WCF  .  
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Data from Wicks et al. (2003) only applies to Nebraska. We used data from the USDA National 
Agricultural Statistical Survey (NASS) for 2007 and the above relationships to determine the fraction 
of continuously cropped wheat land across the basin. We used cropping pattern data from counties 
that are completely contained in the basin to determine the fraction of the continuously cropped 
wheat land as a function of the average annual precipitation. The resulting relationship was: 

 0.0619 - 0.8954      ww mCC P  (10) 

The fraction of the wheat land in a wheat-fallow rotation is: 

  1ww r wwWF W CC   (11) 

We computed the fraction of wheat land that employed an eco-fallow rotation as: 

 1ww ww wwWFC CC WF    (12) 

Data in Figure 82 and Table 26 illustrate the results of partitioning wheat land by practice, where: 

CCf    = fraction of wheat that is grown in a continuous cropping system  
CCww    = fraction of winter wheat that is grown as continuous cropping 
Pm     = annual precipitation in inches 
WCFf    = fraction of wheat that is grown in an eco-fallow rotation of wheat, corn and fallow. 
WFCww  = fraction of winter wheat in a wheat-corn fallow rotation 
WFf       = fraction of the land planted to wheat that is in a wheat-fallow rotation 
WFww    = fraction of the winter wheat grown in a wheat-fallow rotation 
Wr     = fraction of the total fallowed wheat land that used a wheat-fallow rotation 
 

 

Figure 82. Functions to Predict Distribution of Wheat Cropping Practices. 
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 Table 26. Distribution of Wheat Cropping Practices Based on Average Annual Rainfall. 

Zone 

Average 
Annual 

Precipitation 
Range, inches 

Mean Annual 
Precipitation, 

inches 

Distribution of Wheat Cropping Practices 

Continuous Wheat-Fallow Wheat-Corn-Fallow 

1 < 16 15 3% 97% 0% 

2 16 - 18 17 16% 42% 42% 

3 18 - 20 19 28% 14% 58% 

4 20 - 22 21 40% 4% 55% 

5 22 - 24 23 53% 1% 46% 

6 24 - 26 25 65% 0% 35% 

7 26 - 28 27 78% 0% 22% 

8 28 - 30 29 90% 0% 10% 

 

Irrigated Land 

Irrigated land is important in assessing the effect of land use practices on streamflow depletions. 
Irrigation is important in two ways. The simulation of reservoirs requires an estimate of the surface 
water yield that reaches the reservoir. Irrigation is also important because some land originally 
terraced is now irrigated. Thus, the runoff and recharge from the irrigated land affects the impact of 
terraces and reservoirs. Employment of two data sources allowed determination of the amount and 
location of irrigated land in the basin. Accounting documents from the settlement of the Republican 
River Compact Administration provide data to determine the amount and location of irrigated land 
for 2007 (http://www.republicanrivercompact.org/2007/index.html). Data supplied annually by each 
state for accounting modeling provides information about irrigated data. Independent irrigation 
coverages were available for Kansas and Nebraska that provided a means to map the irrigated land. 
Finally, the locations of irrigation wells within the Republican Basin allowed assessment of the 
spatial distribution of irrigated land.  

The dataset for Nebraska was from a remote sensing survey by the Center for Advanced Land 
Management Information Technologies (CALMIT) in 2005 (http://calmit.unl.edu/2005landuse). This 
coverage included the distribution of land irrigated by center pivots and by other methods. The 
coverage shows circles and polygons for each class of irrigated land as illustrated in Figure 83. The 
locations of active registered irrigation wells originated from the Nebraska Department of Natural 
Resources (http://dnrdata.dnr.ne.gov/wellscs/Menu.aspx). The plot in Figure 83 illustrates the nature 
of the data for a portion of the Basin. 
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Figure 83. Spatial Comparison of Irrigated Lands From the CALMIT Image Processing and the Location 
of Wells from the DNR Well Registration Database. 

 

We clipped the statewide GIS coverage for the distribution of the irrigated land to the boundaries of 
the Republican Basin. We then partitioned both data sources by HUC-12 boundaries and totaled the 
amount of irrigated land within each HUC-12 (Figure 84). Results in Figure 84 show an excellent 
correlation between the two data sources. This provided support for use of the GIS coverage that 
provided a spatial distribution of the irrigated land, which allowed us to overlay coverages to 
determine the aerial extent of land use combinations. 
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Figure 84. Comparison of Irrigated Area per HUC-12 in Nebraska for the Data Reported by DNR in 2007 
and as Digitized by CALMIT. 

 

Kansas has developed a Place-of-Use coverage for irrigated land. The database includes forty-acre 
tracts of land that receives some irrigation. We clipped the coverage to the boundary of the 
Republican Basin and overlaid the coverage with the irrigation well dataset derived from the annual 
report for the Republican River Settlement (see example for Thomas County in Figure 85). This 
database provides location information for irrigation but does not identify the actual amount of 
irrigated land in the forty-acre tract. For example, if a center pivot was centrally located on four 
contiguous forty-acre tract then the total area for the four forty-acres tracts would be 160 acres while 
a traditional center pivot would only irrigate about 130 acres in a quarter section. Clearly, using the 
total land area from the Place-of-Use data would overstate the amount of irrigation. We obtained the 
amount of irrigated land from the Republican River Compact Administration website 
(http://www.republicanrivercompact.org/) for Kansas in 2007. One of the available files included a 
record of irrigation water pumpage in 2007. This file does not include GIS coverages but does 
include an identification index for each well and a reported amount of land irrigated for the well in 
2007. We obtained the list of active irrigation wells from the Kansas Water Information Management 
and Analysis System (WIMAS at http://hercules.kgs.ku.edu/geohydro/wimas/index.cfm). We joined 
the data from the 2007 compact administration file to the location information available in WIMAS 
for active irrigation wells. We eliminated irrigation wells from the database for wells that reported no 
irrigation in 2007. We then overlaid the active well database with the HUC-12 coverage to determine 
the amount of land irrigated in each HUC-12 for 2007.We computed the irrigated acreage per HUC-
12 from the Point-Of-Use coverage and used the ratio between acreage reported for the Settlement 
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and the total area from the Point-Of-Use data to determine the irrigated area per HUC-12. We used 
the acreage ratio to determine the areas for overlays of other properties in building input files for 
POTYLDR simulation. We do not have an independent check on the amount of land irrigated in 
Kansas as was available for Nebraska. However, the amount of irrigated land is equal to what Kansas 
reported for Compact administration in 2007. 

  

 

Figure 85. Correspondence of the Location of Irrigation Wells from the WIMAS System and the Place-
Of-Use Coverage for Thomas County Kansas 

 

We were unable to locate a digital coverage of irrigated land for Colorado. The data provided by 
Colorado for Compact accounting in 2007 included the amount of groundwater pumped and applied 
to sprinkler and furrow irrigated land. The data file included the location of the well based on the cell 
of the groundwater model. We converted location information for the groundwater model cells into 
geographic coordinates for mapping with GIS. We summed the irrigation acreage for sprinkler and 
surface irrigation to provide a shapefile of irrigated land. The point coverage did not include the area 
of coverage so we could not superimpose the irrigation shapefile over other coverages to compute 
characteristics of the irrigated land. We used a buffer around the points found for the irrigation wells 
to provide an area surrounding the well. An example of the overlap for irrigated and terraced land in 
Figure 86 shows an application of the method. The amount of terraced land is much less extensive in 
Colorado and the procedure described here seems to be adequate for determining the interaction of 
irrigation and terracing in Colorado. The buffer seemed to be adequate for overlaying crop and soil 
coverages to develop characteristics for the HUC-12 for input into the POTYLDR model. 
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Figure 86. Example of Procedure to Determine if Terraced Land in Colorado was also Irrigated. 
 

Catchment Area for Small Reservoirs 

We had to develop characteristics for the catchment areas of the small Non-Federal Reservoirs 
distributed across the Basin. The characteristics of the catchment areas are different from the 
characteristics of the HUC-12 where the reservoir is situated. Reservoirs are located in drainage 
valleys where a high percentage of the surrounding area is steep enough to contribute adequate runoff 
for water use in the reservoir. The uplands in the general HUC-12 include flat plateaus where a 
higher percentage of the land is farmed. The runoff characteristics of that area is different than for the 
catchment area of the reservoir that usually contains more pasture land than in the surrounding HUC-
12. To develop characteristics of the reservoir catchments we used data from the NHD Plus database 
(http://www.horizon-systems.com/nhdplus/). The database is similar to the general NHD database 
but is at a much finer resolution. We followed the procedure for the database development previously 
described and applied those techniques to the refined coverage for the NHD Plus database. An 
example in Figure 87 illustrates the procedure for a catchment. The figure shows that the catchment 
areas are close to the drainage way associated with the reservoir. The figure also shows that 
reservoirs in series over a short distance on one stream occur frequently.  
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Figure 87. Example of Catchment Areas for Non-Federal Reservoirs using the NHD Plus Dataset. 
 

We did not simulate the performance of individual reservoirs; instead, we simulated representative 
reservoirs for HUC-12 units that contained reservoirs catchments. This required additional analysis 
of the characteristics for the catchment areas. We used the Thiessen polygon method to associate 
reservoirs to weather stations. We then computed the characteristics for reservoirs associated with a 
weather station. We used an Excel Pivot Table to aggregate characteristics for catchment areas for 
small Non-Federal Reservoirs. We simulated 24 large reservoirs separately from the smaller 
reservoirs, which required datasets for the catchment areas for the large reservoirs. Datasets for the 
larger reservoirs were similar to that for terraced land within a HUC-12. 

Combined Datasets 

Combining data from the various datasets with GIS allowed us to determine input values needed for 
simulation with the POTYLDR model. An example of a dataset of soil types, HUC boundaries, 
county areas, terraced land and irrigated land in Red Willow County Nebraska in Figure 88 illustrates 
the GIS combined data overlay. These combined data overlays provided a series of files for input for 
the model and datasets for post processing simulation results. 
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Figure 88. Example Overlay of Soil, HUC-12, Terrace and Irrigation Coverages used to Build Input 
Datasets. 
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Water Balance Modeling for the Project 

We studied components of the water balance of selected subbasins to build an understanding of the 
performance of terraces and reservoirs. This section and those that follow describe various parts that 
we examined. Results in Table 27 summarize the water balance components for a portion of the 
Prairie Dog Creek Basin.
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Land Terracing 

We examined terrace characteristics including the storage capacity for storage terraces in the basin, 
and the infiltration rate in terrace channels and contributing areas. The surface area for infiltration 
and evaporation varies with the depth of water in a terrace channel. The soil below inundated areas of 
a terrace channel is wetter than near the upper edge of the terrace. The upper levels of the channel are 
frequently empty. These and other factors require separate water balances for portions of the terrace 
channels. We represented terrace channels as a series of level areas to simulate the amount of ET and 
deep percolation that occurs in the terrace storage area (Figure 89). Summation of results from all 
levels provided estimates of the water balance for the whole terrace.  

Daily output from POTYLDR for the HRUs without terraces, along with other input data, provided 
input for two other simulation programs to estimate the amount of runoff from land uses above 
terraces and groundwater recharge from the land terraces. Previous applications of the POTYLDR 
model to simulate the operation of various types of terraces utilized the Runoff Curve Number 
method for terraced and non-terraced land. This was appropriate for estimating the effects on surface 
runoff, but not for estimating the amount of groundwater recharge from storage terraces. Therefore, 
we developed a program, TERRACEPOND, to simulate the operation of the terrace channel using 
the multilayer representation illustrated in Figure 89.  

TERRACEPOND simulates the storage area of a terrace as a series of level surface areas or steps that 
would or would not be inundated depending upon the volume of water in the storage area. The 
procedure to estimate the outflow from the area above the terrace ridge was the same as overflow for 
a small reservoir. The program accounts for inflow of runoff from the drainage area above the 
terrace, infiltration in inundated areas, and evaporation from and precipitation onto the free-water 
surface when water is stored in the terrace storage area. Terrace channel characteristics define the 
amount of water stored at various depths in the terrace channel. The Sensitivity Analysis section of 
this report provides additional discussion and details of the operation of this program. 

The TERRACEPOND program produced output for each level in the channel and the output served 
as the input to the second program (TERRACECHANNEL). TERRACECHANNEL simulates the 
water budget for each level in the terrace channel on a daily basis. It provides an estimate of the 
water budget for each of the levels to estimate the amount of evapotranspiration and groundwater 
recharge. Accumulating results for all levels determines the total amount of each value for the terrace 
channel. Finally, this program provides the change in the amounts of evaporation, groundwater 
recharge, and runoff at the edge of the field above the terraced portion. The output units are the 
average annual amounts in acre-feet per square mile of area. Differences in runoff and groundwater 
recharge provide the basis to scale-up water balance results for each HUC-12 for non-terraced land 
and terraced land. 

The field survey and subsequent analyses of the data provided storage capacity information for 
closed-end terraces. Results of the survey allowed development of a stage-area relationship between 
the depth of stored water in the terrace and the width of the water surface. This information along 
with the volume of water at various depths of storage provided a basis to create an equivalent stage-
storage relationship for a series of levels. Results in Figures 90 and 91 show the comparison of the 
field measured and modeled terrace storage channels for the two terrace types. Data show the amount 
of storage in the two types of terrace channels at various depths (Table 28). 

The overflow level for broad-base terraces with closed ends occurs at Level 8 or 13.2 inches of depth 
in the channel. This depth represents 0.48 inches of runoff storage over the terrace interval that was 



 

104 

 

determined from the field survey data. It was slightly less than the 0.57 inches (14.3 mm) used 
earlier, but the general conclusions are little different. If the terrace completely filled, then the 
combination of infiltration and evaporation required about 10-14 days to completely empty the stored 
water provided no additional water from rainfall or runoff entered the channel. The rate of seepage 
into the various levels was 0.5 inches per day for Levels 1 and 2, and 1.0 inches per day for all other 
levels. These rates were low, but experience and observations of these terraces showed that ponded 
water remains for several days following a runoff event. Sensitivity analyses in a later section will 
show how changing the seepage rate affects overall results. 

The overflow level for flat channel terraces with closed ends occurs at Level 10 for 11.3 inches of 
depth in the channel. This represents 0.99 inches of runoff storage over the terrace interval (see Table 
28). Again, this value is slightly lower than the 1.25 inches (31.8 mm) used earlier in this report. If 
the terrace filled completely, about 10-14 days of infiltration and evaporation would deplete the 
stored water as long as rainfall or runoff did not enter the channel. The seepage rates varied for 
specific levels as for broad-base type. 

For level terraces with open ends or breaches, the overflow level in Figures 91 and 92 is six for both 
types of terraces. For broad-base terraces, the storage depth is 0.20 inches of water over the terrace 
interval and the time required for the retained water to infiltrate and evaporate is about 7 days. Most 
of these types of terraces have low areas that retain water that will not drain by gravity, so the 
opportunity time for infiltration is substantial. For flat-channel terraces, the storage depth is 
0.25 inches of water over the terrace interval and the time for the retained water to infiltrate and 
evaporate is about 7 days. 

 

 

Figure 89. Terrace Channel Representation by Level Sections when Runoff Occurs and Stored Runoff is Present. 
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Figure 90. Depth-Width Relationship Measured for a Typical Broad-Base Terrace. 
 

 

Figure 91. Depth-Width Relationship for a Typical Flat Cannel Terrace. 
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Table 28. Accumulated Storage Capacity at Level No., Closed-End Terraces Over the Terrace Interval. 
Level No. Broad-base, inches Flat Channel, inches 

1 0.00 0.00 
2 0.0018 0.0005 
3 0.014 0.017 
4 0.050 0.058 
5 0.11 0.13 
6 0.20 0.25 
7 0.32 0.39 
8 0.48 0.57 
9 0.74 0.76 

10 1.29 0.99 
11 1.98 1.33 
12 2.80 1.77 
13  2.53 
14  4.25 

Note: The Average Intervals for Broad-Base and Flat-Channel Terraces are 165 and 293 feet, 
Respectively. 
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Figure 92. Representative Cross-Section of a Broad-Base Terrace from Survey as Modeled with the Subprogram, TERRACEPOND. (Drawing is not to scale). 

 

 

 

 

 
Figure 93. Representative Cross-Section of a Flat-Channel Terrace from the Field Survey as Modeled with the Subprogram, TERRACEPOND.  

(Drawing is not to scale). 
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We specified the fourth level in the terrace as the depth where overflow began for graded broad-base 
terraces. This resulted in a retained water volume equivalent to 0.05 inches over the terrace interval. 
We selected the fourth level based on the effect of water depth on the reduction of runoff predicted 
using the NRCS runoff method. The 0.05 inches of retained runoff agreed well with the difference in 
runoff that occurred for curve numbers traditionally used for unterraced land and terraced land. This 
procedure allowed us to estimate evapotranspiration and recharge based on the amount of retained 
water. Some water usually remains in graded terraces for several days because low spots do not drain. 
It turns out that about half of the retained water goes to ET and half becomes recharge for graded 
broad-base terraces. 

Simulation results presented in Table 29 illustrate typical water balances for the median storage 
capacity of the two types of terraces at two locations and three land uses. Wheat-corn-fallow rotations 
are common practices for dryland cropping in the region. Range-pasture is indicative of terraced land 
that is now in permanent cover such as the conservation reserve program while irrigated corn 
represents terraced lands that are now under center-pivot irrigation. The evapotranspiration increase is 
the additional ET for crops plus water that evaporates directly from the terrace channel following 
runoff events. Runoff at the edge of the field decreased about 90% due to terracing for flat-channel 
terraces and over 80% for broad-base terraces. In general, about 40% of the retained runoff for the 
wheat-corn-fallow rotation becomes evapotranspiration and 60% percolates below the bottom of the 
root zone of crops in the terrace channel for these locations. The fraction of the water retained in the 
terrace that becomes deep percolation is much smaller for pastureland (about 30%) than for dryland 
cropping. Therefore, the fraction of retained water used for ET is much higher for pastureland. In drier 
regions, a greater portion of the retained water becomes evapotranspiration, while a greater portion 
becomes deep percolation in wetter regions of the Basin. Irrigation of terraced land results in the 
largest reduction of runoff, most of which goes to deep percolation.  
 

Table 29. Average simulation results at the edge of the field for level terraces with closed ends and median 
runoff storage capacity at two locations in the Basin for three land uses for a 59-year period. 

 
 
Location 

Annual 
Precipitation, 

inches 

Acre-Feet per Square Mile of Land Above a Terrace Ridge 

Non-Terraced Field Terraced Field Effects 

Runoff Percolation
Runoff 

Reduction 
Percolation

Increase 
ET 

Increase
Culbertson, NE (flat-channel terrace) 
Wheat-Corn-Fallow  
Range-Pasture  
Irrigated Corn (net 15.66 inches/yr.) 

20.94 
 
 
 

 
42.7 
22.9 
81.6 

 
3.2 
0.0 

14.9 

 
40.5 (95%) 
22.4 (98%) 
76.3 (94%) 

 
24.0 
6.4 

60.3 

 
16.5 
16.0 
16.0 

Benkelman, NE (broad-base terrace) 
Wheat-Corn-Fallow  
Range-Pasture  
Irrigated Corn (net 17.44 inches/yr.) 

18.57  
35.2 
18.7 
83.2 

 
3.2 
0.0 

10.1 

 
29.3 (83%) 
16.0 (86%) 
59.2 (71%) 

 
18.1 
4.3 

49.1 

 
10.7 
11.7 
10.1 

 

The runoff reduction listed in Table 29 is at the edge of the terraced field and not at the mouth of a 
designated drainage subbasin. As with reservoirs, a stream transmission loss needs to be applied to the 
runoff reduction to estimate the impact of the terraces on the water supply for each of the designated 
drainage basins and for the full Republican River Basin above Hardy, Nebraska. 
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Storage terraces have the greatest effect on reducing runoff during periods when runoff from the field 
is average or less because the sizes of the runoff events are small. They also have the greatest quantity 
effect in years when runoff is above average. Figure 94 shows a comparison of simulated effects of a 
broad-base terrace with closed ends and a median storage capacity of 0.57 inches at Oberlin, KS, over 
a 59-year simulation period. The average runoff for the wheat-corn-fallow rotation on the unterraced 
field is 53.3 acre-feet per square mile compared to 10.7 acre-feet per square mile for the terraced field 
above the lowest terrace ridge; an 80% reduction in runoff at the field edge. On average, runoff 
occurred about nine out of 10 years for the unterraced field while the terraced field produced runoff 
less than four out of 10 years at Oberlin. 

Conservation terraces increase the amount of water that infiltrates into the terrace channel. As shown 
in Table 29, retained water increases evapotranspiration for crops grown in the channel. Deep 
percolation occurs when the water content in the crop root zone exceeds the holding capacity of the 
soil in the terrace channel. Simulation of the impact of a broad-base terrace with closed ends and a 
median storage capacity of 0.57 inches at Oberlin, KS over a 59-year simulation period showed that 
deep percolation was less than 50 acre-feet/square mile per year 80% of the time (Figure 95). 
Percolation occurs much less often than runoff in the basin. These results for Oberlin 1E, KS show 
that percolation under an unterraced field occurs only on average once every eight years. Further, 
more than 90% of the total percolation occurred in four years, less than ten percent of the simulation 
period. Percolation from the unterraced field usually occurs as the result of an extended period of wet 
conditions rather than from a single large precipitation event. However, runoff flows into the terrace 
channel nearly every year, which increases infiltration in the terrace channel and enhances deep 
percolation for the terraced field. Percolation occurs from the terraced field in about seven out of eight 
years, which is almost as frequent as years with runoff. The average annual percolation from the 
unterraced field is 11.9 acre-feet per square mile while 42.7 acre-feet per square mile percolates from 
the terraced field. This represents a four-fold increase in deep percolation from the terraced field. The 
goal for conservation terraces is usually to reduce erosion and enhance crop yields, yet deep 
percolation or groundwater recharge is an addition benefit, an unintended consequence. 
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Figure 94. Simulated Runoff from a Wheat-Corn-Fallow Rotation on an Unterraced Field Compared to the 
Same Field with a Broad-Base, Level, Closed-End Terrace System with Median Storage Capacity of 0.57 

inches of Runoff at Oberlin, KS. 

 

 

 

Figure 95. Simulated Percolation from a Wheat-Corn-Fallow Rotation on an Unterraced Field Compared 
to the Same Field with a Broad-Base, Level, Closed-End Terrace System with Median Storage Capacity of 

0.57 inches at Oberlin, KS. 
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Reservoirs without Land Terracing 

The States’ inventory of Non-Federal Reservoirs does not contain all of the data required to assess the 
impacts on streamflow. Information on drainage area, volume, and depth is not available for some 
reservoirs in the inventory. We used information from reservoirs in the inventory that did have a 
complete set of descriptive information to develop characteristics of a typical reservoir for each State. 
The characteristics of the typical reservoir vary across the Basin; therefore, we defined a typical 
reservoir for weather station locations across the Basin. Table 30 lists the typical reservoir 
characteristics for reservoirs in Nebraska. The characteristics for a typical reservoir also apply for 
reservoirs in Colorado and Kansas. The storage capacity of a typical reservoir decreases as one moves 
east to west across the Republican River Basin. The characteristics of a typical reservoir were a part of 
the simulation of the water balance at each weather station. We expressed the impacts of the reservoirs 
in acre-feet per square mile of drainage, which allowed us to apply simulation results directly to the 
drainage areas for reservoirs in each HUC-12 subbasin. 

 
Table 30. Selected Characteristics of the Typical Reservoir in Nebraska by Location in the Basin. 

Range, degrees west 
Depth at Principal 

Spillway, feet 
Surface Area, 

acres 

Storage at 
Principal Spillway 
Height, acre-feet 

Drainage Area, 
acres 

15 
20 
25 
30 
35 

12.8 
13.0 
13.3 
13.5 
13.8 

17.5 
16.2 
15.0 
13.9 
13.6 

98 
90 
83 
76 
68 

1,550 
1,550 
1,500 
1,500 
1,450 

 

Simulation results summarized in Table 31 are for a 59-year period for typical reservoirs at nine 
locations across the basin. The locations in Table 31 are in order from east to west. Model results 
indicate that more water flows into reservoirs in the eastern portion of the basin than in the western 
portion of the basin (reservoirs near Burlington receive about 17% of the inflow near Holdrege). 
Reservoirs in the eastern portion of the basin overflowed about 50 percent of the years; reservoirs in 
the center of the basin overflowed about 20 percent of the years, and reservoirs in the west overflowed 
only about 5 percent of the time or less. 

Runoff reduction at a reservoir is retained water that would normally flow downstream. Not all of the 
runoff reduction would reach the mouth of the subbasin due to transmission losses downstream of the 
reservoir. Reservoirs in the eastern portion of the basin reduce the annual runoff more than reservoirs 
in the west (Table 31). For example, runoff for typical reservoirs near Holdrege and Red Cloud 
decrease runoff by more than 50 acre-feet per square mile of drainage area, which represents about 
two-thirds of the inflow to the reservoir. Note: 1.00 inches of runoff = 53.3 acre-feet for 
1.0 square mile. Reservoirs in the western portion of the Basin capture nearly all of the runoff that 
enters the reservoir. Because runoff is generally much less in the western portion of the basin, the 
volume of the runoff reduction is much smaller than in the east. 

The runoff reduction listed in Table 31 is at the location of the dam site and not at the mouth of each 
reservoirs respective designated drainage basin. A stream transmission loss must to be applied to the 
runoff reduction to estimate the impact of the small Non-Federal Reservoirs on the surface water 
supply for each of the designated drainage subbasins and for the full Republican River Basin above 
Hardy, Nebraska. 
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Table 31. Simulation of Typical Reservoir at Nine Weather Station Locations Across the Basin for a 59-year Period. 

City State 

Average Annual Values, acre-feet per square mile of Drainage Area. 

Years with 
Overflow Inflow 

Precipitation 
onto Water 

Surface 

Evaporation 
From Water 

Surface 
Gross 

Seepage Overflow 

Runoff 
Reduction at 

Dam Site 

Holdrege NE 81.3 5.1 9.3 49.7 27.2 54.1 29 

Red Cloud NE 74.2 4.7 9.2 46.3 23.3 51.0 25 

Norton KS 45.6 3.0 6.9 30.8 10.6 34.9 15 

Curtis NE 43.6 2.7 6.5 28.8 10.9 32.6 13 

Imperial NE 30.4 1.9 4.7 20.7 6.8 23.6 11 

Culbertson NE 30.7 2.2 5.5 23.7 3.6 27.0 11 

Colby KS 33.6 2.1 5.2 22.5 8.0 25.6 11 

Yuma CO 12.3 0.8 2.7 9.6 0.9 11.5 3 

Burlington CO 13.9 1.0 3.0 11.6 0.3 13.6 2 

 

The simulated end-of-month storage shown in Figure 96 illustrates the operation of a typical reservoir 
near Harlan County Lake, Nebraska. The average end-of-month storage was about 10 percent of full 
storage content for the 2000-2009 simulation period. This compares to 12.5 percent of full storage 
content for the entire 59-year simulation period for this typical reservoir. These results are consistent 
with monitored water levels in reservoirs from the field-monitoring phases of the study. 

 

Figure 96. Simulated End-of-Month for a Typical Reservoir near Harlan County Reservoir. 
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Reservoirs with Land Terracing 

Terraces reduce the amount of runoff from areas upstream of reservoirs. Assessing this impact 
required an additional a step to develop input data for modeling Non-Federal Reservoirs that contain 
terraces within their contributing drainage area. It was necessary to modify inputs to POTYLDR to 
account for the effects of the terraced areas on surface runoff into the reservoirs and to conduct a 
second series of simulations for each of the 32 weather stations and 3 soil types.  

We assumed that terraced areas in the reservoir drainage areas had the same effect on groundwater 
recharge as terraces not above reservoirs. We developed an adjustment factor to account for the 
reduction in runoff to reservoirs because the terraces. The factor adjusted the runoff curve number for 
the terraced area. Application of the adjustment factor produced a similar amount of reduction in the 
long-term average runoff for the terraced areas for the five terrace types. Results of the simulations for 
the effects of terraces provided reliable information to develop the reduction factors. Average results 
for four meteorological stations in the most heavily terraced areas in the central part of the Basin gave 
similar results for each type of terrace. The stations were Colby and Dresden in Kansas and McCook 
and Cambridge in Nebraska. A similar set of results occurred for graded terraces using four stations in 
the eastern portion of the Basin. The stations were Superior, Red Cloud, Harlan County Lake, and 
Holdrege, all in Nebraska. Values in the right-most column of Table 32 show that storage terraces 
have a smaller adjustment factors than graded terraces. The average value of the runoff curve number 
for unterraced cropland is about 72. The corresponding value for land with broad-base closed-end 
terraces is 54, while it is 69 for land with graded terraces.  

 

Table 32. Reduction Factors to Simulate Runoff for Nalysis of Small Reservoirs. 

 

As noted previously, some terraces in the basin are located within the drainage area of a reservoir, 
which reduces inflow into the reservoir. For example, estimated annual inflow to a typical reservoir at 
Oberlin 1E is 40.6 acre-feet per square mile without terraces, but is it only about 34.8 acre-feet per 
square mile with terraces in the upstream drainage area of the reservoir (Table 33). 

The reduced inflow from upstream terraces translates to an additional reduction in runoff of about 
3.9 acre-feet per square mile. This reduction is in additional to the reduction caused by the reservoirs 
alone. Again, these results are at the dam site without adjustment for stream transmission losses 
downstream of the reservoir.  

The simulated end-of-month storage in Figure 97 illustrates the impact of upstream terraces on runoff 
for a typical reservoir near Goodland, Kansas. Differences in end-of-month reservoir storage when 
land is terraced and not terraced are small for this location. Only about eight of the 59 years exhibited 

 Terrace Type 

Storage 
Capacity, 

inches 

Runoff Reduction, percent 
Curve 
Number 

Adjustment 
Factor High Low Average 

Flat-channel, closed 0.99 90 88 89 0.73 
Broad-base, closed 0.48 77 75 76 0.75 
Flat-channel, open 0.25 61 58 59 0.88 
Broad-base, open 0.20 54 52 53 0.90 

Graded 0.05 25 21 23 0.96 
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a discernible difference. Differences that do occur in the end-of-month reservoir storage do not persist 
over long periods. 
 

Table 33. Simulation of Typical Reservoirs at Three Locations Across the Republican River Basin  
When Terraces Are in and Not in the Contributing Area of the Reservoir for a 59-Year Period. 

Land Use 

Average Annual Values, Acre-Feet per Square Mile of Drainage Area 

Years 
with 

OverflowInflow 

Precipitation
on Water 
Surface 

Evaporation 
from Water 

Surface 
Gross 

Seepage Overflow 

Runoff 
Reduction 

at Dam 
Site 

Harlan County, Nebraska 

Without Terraces 52.5 4 7.8 35.4 13.1 39.4 21 

31% of Cropland 
Terraced 

49.6 3.9 7.5 33.9 11.9 37.7 18 

Oberlin, Kansas 

Without Terraces 40.6 2.5 6.3 27.2 9.6 31 13 

45% of Cropland 
Terraced 

34.8 2.2 5.6 23.7 7.7 27.1 12 

Goodland, Kansas 

Without Terraces 21 1.4 3.6 15.1 3.6 17.4 7 

23% of Cropland 
Terraced 

18.5 1.3 3.3 13.5 2.9 15.6 7 

 

 

 

Figure 97. Simulated End-of-Month Storage as a Percent Full Reservoir Storage for a Typical Reservoir  

with and Without Terraces in the Upstream Drainage Basin near Goodland, KS. 
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The Overall Water-Budget Modeling Process 

The process to simulate the water-budget to estimate the impact of reservoirs and terraces for the 
different combinations of conservation measures requires three steps: (1) preprocessor, (2) simulation 
with the POTYLDR model, and (3) post-processing to combine results for the HUC-12s into the 
results for each subbasin. 

Preprocessor 

A GIS pre-processor framework provided a means to define geographical area (HUC-12) and to 
extract needed characteristics of each area from GIS coverages. The information extracted includes: 

 The HUC-12 identifier  
 Amount of terraced land  
 Stream length to the outlet of the subbasin from the centroid of the HUC-12  
 Total drainage area of reservoirs  
 Percent of three soil types under terraced lands  
 Percent of seven land uses in terraced areas  
 Percent of five terrace types  
 Weighted fraction and identification number for the three nearest meteorological stations 
 Estimated transmission loss factor 
 The subbasin in which the HUC-12 is located 

 

We extracted the information and entered the data into an Excel spreadsheet with one row for each 
HUC-12. We copied the data from the spreadsheet into an ASCII file, HUCDAT, that had one row of 
information for each HUC-12. The file provided input to the POTYLDR model. This dataset was 
necessary input information for the various conditions simulated. 

POTYLDR Simulation 

The POTYLDR model and added subprograms as represented in Figure 98 illustrate the basic 
simulation process. POTYLDR produced the simulated water balances used to develop unit area 
responses for the water budgets for the 20 HRUs that were necessary to simulate the seven land uses 
and the operation of Non-Federal Reservoirs near each of the 32 meteorological stations. It required 
six different simulations at each location; one for each of the three soil types to simulate the effects of 
no terraces in the drainage area of the Non-Federal Reservoirs and another set of three with terraces in 
the drainage area of the Non-Federal Reservoir at each of the meteorological stations. Therefore, 
192 (32X3X2) runs of the POTYLDR model were required to generate results for the entire basin. All 
results from the water-balancing modeling simulations are in units of acre-feet/square mile to more 
easily scale up results for each HUC-12 based on its’ specific characteristic (Note: 53.33 acre-feet per 
square mile is equal to an equivalent depth of 1.0 inch). 

The length of the daily record for 31 of the meteorological stations was 59 years, 1950-2008, except 
for Sedgwick, NE, which had the same information for 1952-2008 (57 years). The input information 
for each of the 20 HRUs and reservoir appear later. A subprogram, CNSLD, aggregated the output 
from POTYLDR into a file used in post-processing to organize the results for the entire basin.  
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Direct results from POTYLDR provided values for long-term average annual amounts of 
evapotranspiration, runoff, and groundwater recharge from each land use without terraces and long-
term average annual amounts of inflow, overflow, net evaporation, and groundwater recharge for the 
Non-Federal Reservoir with no terraces in its drainage area. 

POTYLDR uses daily outputs from the HRUs that were representative of the type and amount of area 
of the land use conditions in the watershed to compute the inflow to a typical reservoir. The 
characteristics of the reservoir were represented by a stage-storage-area-discharge relationship, an 
estimated seepage loss rate under its daily water surface area that was a function of the depth of water 
in the reservoir, evaporation from the water surface area at the ETo rate, and precipitation onto the 
water surface. The previous work by Choodegowda (2009) provided a method to determine the 
seepage rate function. That work determined that about 90% of the seepage from the reservoir would 
become groundwater recharge and the other 10% was lost as evapotranspiration from the areas of the 
reservoir that periodically inundated. Additional discussion of reservoir modeling is in the Sensitivity 
Analyses section of this report. 

A spreadsheet procedure provided a means to calculate the extent of each land use practice and terrace 
type near the meteorological stations. It also calculates the weighted runoff adjustment factor for the 
terraced land uses in the drainage area of the typical reservoir at each station. We manually entered 
these values into each of the input files for the POTYLDR model. 

Simulations with the POTYLDR model for the scenario that included terraces in the drainage areas of 
the reservoirs produced the long-term average results for the water budget of the typical reservoir with 
terraces in its drainage area. Processing these results with the TERRACEPOND and 
TERRACECHANNEL programs is unnecessary.  

After examining the results for reliability, we developed a batch file process to simulate the entire 
basin and to write the overall results from the water-budget simulations into a master file for post-
processing. A simple FORTRAN program, CNSLD, then prepared input for post-processing. The 
CNSLD program handled each set of two simulations for a single soil type without and with terraces 
in the drainage area of the reservoir. It read the required output from each of the two simulations and 
wrote a single row of output to the file, PSR, for subsequent input to the post-processing program. The 
consolidated file, PSR, had contained 96 rows of information. 

The flow chart in Figure 98 illustrates the procedure for simulating the water budget with the 
POTYLDR model and the ancillary programs.  

Post Processing 

A post-processing program, POST, combined results from the PSR and HUCDAT files to produce the 
results for each HUC-12 for the four required scenarios. This program produced the final output for 
review and production of results.   
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Figure 98. Flowchart of the water Budget Simulation Process for HRUs and Reservoirs. 
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Geographic Scope 

The study area covered the entire basin above Hardy, NE; however, impacts only occur for subbasins 
that contain terraces or Non-Federal reservoirs. Terraces are most common on deep silt loam soils 
with slopes that produce enough runoff to collect in terrace channels resulting in less erosion or more 
crop production. Simulations included these types of lands for terraced and unterraced conditions, as 
well as the contributing drainage area for Non-Federal Reservoirs. Usually less than about twenty-five 
percent of the land in the drainage areas of reservoirs is terraced. It is important to realize that areas 
above reservoirs and terraced land are probably the most productive areas for runoff in the basin. Soils 
in these areas are less conducive to producing groundwater recharge because of their relatively fine 
texture. Therefore, an attempt to utilize these results across the entire Republican River Basin is 
inappropriate. The POTYLDR model with proper input values can simulate runoff and groundwater 
recharge for the entire Basin; however, substantially more effort would be necessary. Additionally, 
this analysis compares changes in the hydrologic response when practices are present and when one or 
more practices are absent. Comparing differences is less prone to error than predicting absolute 
outcomes.  

We totaled model results for the various scenarios in the post-processing procedure for each 
geographic area defined by a 12-digit hydrologic unit, referred to as HUC-12(s). There are 
557 HUC-12s in the study area. Input data for each HUC-12 included the:  

 Total subbasin area  
 Drainage area of reservoirs  
 Area of terraced land  
 Percent of three soil types  
 Percent of seven land uses in the terraced areas  
 Percent of five types of terraces  
 Three nearest meteorological stations and the relative weight for each station  
 The travel distance from the centroid to the outlet of the subbasin 
 The estimated transmission loss factor from the HUC-12 to its subbasin outlet 
 

Results provided an estimate of the additional ET and recharge from the reservoirs and terraces within 
the HUC-12, the reduction of surface runoff at the subbasin outlet, and the transmission losses from 
the HUC-12 to the subbasin outlet. The National Hydrologic Dataset shows that 92 of the 557 HUC-
12s in the Basin do not have a waterway connection with streams (Figure 1). Impacts of land use 
changes in these HUC-12s would be through groundwater, i.e. baseflow, connections to streams 
outside of the respective HUC-12. 

We used a transmission loss factor to transfer the effects of conservation practices at the edge of the 
field to the surface water outlet of each HUC-12. The transmission loss factor depends on the distance 
water must travel in the stream to reach the surface water outlet of the HUC-12 and on the 
transmission loss per unit of travel expressed as the percent loss per mile of travel. For this study, the 
travel distance equaled the length of the stream from the centroid to the outlet of the HUC-12. 
Computing the cumulative effects of HUC-12s in a designated drainage basin used the same 
transmission loss procedure as for an individual HUC-12. When the designated drainage basin 
contained a federal reservoir, we accumulated the effects for HUC-12s upstream of the reservoir and 
the effects of HUC-12s upstream of the outlet of the designated drainage.  

The HUC-12s along the North Fork of the Republican River in Nebraska, and the portion of the main 
stem of the Republican River between the junction of the North Fork and the Arikaree to a point near 
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Hardy, NE where the river dissects a HUC-12, were split along the river to provide geographic areas 
on each side of the river. We determined the streamflow length for these geographic areas to estimate 
the transmission losses for those HUC-12s. The effects of these HUC-12s only transferred to the 
mainstem of the respective stream and not further downstream along the river. Transmission losses do 
occur along the mainstem; however, many other unknown factors affect the water balance of these 
reaches. Determining these factors exceeded the scope of this study.  

An average transmission loss of 2 percent per mile applied to transfers of the impact at the land 
terrace or reservoir location to downstream outlets. We increased the loss to 2.5 percent per mile for 
the western half of the Basin and decreased the rate to1.5 percent per mile for locations below Harlan 
County Reservoir. Selection of the transmission loss factors derived from our professional judgment 
and empirical analysis presented in previous status reports to the RRCA.  

POTYLDR Changes 

Fieldwork conducted for the study provided information on the water balance for reservoirs and land 
terraces for conditions in the study area. While it was not possible to make a direct simulation of the 
field sites with the POTYLDR model, we did use information from the field studies to improve the 
modeling process. The following summary describes how field results helped amend aspects of the 
POTYLDR water budget model and subprograms developed to examine the effects of the 
performance of reservoirs and land terraces. 

We examined and adjusted curve numbers to approximate the average annual runoff at the field sites 
for the ecofallow rotation. The 30-year average curve numbers used to simulate results from the 
fieldwork for Colby and Norton, Kansas were somewhat higher than used in POTYLD. The POTYLD 
model separately represents the water balance of the area contributing runoff to the terrace and the 
terrace channel itself. Separating the land results in less area to provide runoff than simulated in the 
fieldwork analysis; thus, the total runoff would be less for POTYLD than for fieldwork simulation 
when using the same curve numbers.  Curve numbers used in the water balance models for the 
fieldwork were similar to those used in the POTYLDR studies that did not separate the field into 
contributing areas and terrace channels. We also produced monthly values for curve numbers rather 
than using a constant annual value. The daily curve number values varied based on the amount of 
available soil moisture in the upper soil zone.  

The original version of POTYLDR used a procedure to estimate reference potential 
evapotranspiration at a location based upon a regression technique of geographical values and the 
daily minimum and maximum air temperature. Work by the University of Nebraska produced daily 
values of reference potential evapotranspiration at each study weather station for the period of record. 
These values represent a grass reference crop as needed for the POTYLDR model.  

The factor used in POTYLDR to simulate the effects of residue on evaporation reduction directly 
from the soil surface was previously constant for the whole year. We changed from an annual value to 
a monthly value to account for varying amounts of residue on the soil surface throughout the year. 
Minor changes to the routines to predict water losses from interception better reflected the effects of 
residue on intercepting rainfall and on sublimation of snow in areas with higher levels of residue. 

Previous research on water percolation from terraces showed that the soil below the crop root zone 
drains more than anticipated when using field capacity values developed for irrigation management. 
Results show that the water content remaining in the rooting zone after a prolonged period, such as a 
year, would be only about 70% of the amount expected for the traditional definitions of field capacity. 
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The POTYLDR model previously used a maximum water content equal to 90% of the reported field 
capacity for each soil type. We improved the simulation process for deep percolation for this study. 
We added a factor that allowed the drainage rate to be 0.25 inches per day when the available water 
content in the Lower Zone exceeded field capacity. The factor decreased to zero when the Lower 
Zone fell below 70% of its holding capacity. If the soil reached field capacity and no additional water 
infiltrated, it would require about a year for the Lower Zone to drain to 70% of available soil water 
content. This change increased the amount of percolation that occurred under the terrace channel, but 
only slightly affected the contributing slope because the available soil water content in the 
contributing area seldom exceeds the 70% threshold. 

We developed output routines to provide results in forms that could be input directly into subprograms 
and post-processing routines to enhance interpretation of results. The user’s manual prepared for this 
version of POTYLDR includes the subprograms and the overall simulation process for the Basin. 

Modeling Point Locations for Field Results 

We used the POTYLDR model to predict the performance of land terraces and typical reservoirs on a 
daily basis for 1950-2008, a 59-year period. The model simulated the water balance at each of the 
32 meteorological stations across the basin for five types of terraces, typical reservoirs and the three 
major soil types in the basin. We used an inverse distance weighting method to convert results at 
weather stations to estimates impacts for each HUC-12. Estimates for the HUC-12 depended on the 
proximity of the centroid of the HUC-12 to nearest three nearest meteorological stations. The average 
annual precipitation varies across the Basin in an east-to-west fashion. Therefore, we weighted the 
stations that aligned north to south more favorably than stations that aligned east to west. For the 
nearest three stations, we used the inverse distance weighting method to provide influence from near 
stations than more distant stations.  

We categorized the soils in the basin into three basic types:  

 Deep silt loam with high water holding capacity of 2.25 inches/foot, moderate infiltration, and 
moderate drainage. 

 Deep silt loam with good water holding capacity of 2.00 inches/foot, moderate infiltration, and 
moderate drainage. 

 Deep loamy sand with water holding capacity of 1.25 inches/foot, moderate infiltration, and 
rapidly permeable subsoil. 

 

We assumed that the maximum root zone depth was six feet for all soils. The simulations included 
seven land uses:  

 Dryland corn - continuous cropping 
 Dryland wheat – continuous cropping 
 Wheat-corn-fallow rotation -- 3-year rotation 
 Wheat-fallow rotation -- 2-year rotation 
 Hay and forage – continuous cropping 
 Range/Pasture – continuous cropping and 
 Irrigated Corn – continuous cropping 
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Data in Table 27 exemplifies some of the model output for unterraced land in a subbasin of the Prairie 
Dog Creek. The result for this subbasin uses data from three weather stations in Kansas (Dresden, 
Norton, and Oberlin 1E) and all three soil types. The output shows the simulated water balance for 
continuous dryland corn, continuous dryland wheat, and a wheat-corn-fallow rotation. We simulated 
the other four land uses, but those results are not in this table. For the no terraces conditions, the value 
of runoff and percolation are of most interest. Runoff is the amount of water that would leave the field 
edge while percolation is the water that seeps through the root zone when water is not ponded in 
terrace channels. Most of the water from precipitation goes to ET. These results are of interest 
individually; however, the purpose of the study was to estimate the difference in performance with 
and without either land terracing or Non-Federal Reservoirs. The following sections describe the 
additional analysis required to obtain values for determining data to compute the differences. 
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Simulation of Impacts for the Basin above Hardy 

Assessment of several models indicated that the POTential YieLD Revised model (POTYLDR) 
provided reliable simulation of the impact of reservoirs and terraced land on surface runoff, 
evapotranspiration, and deep percolation. The addition of two subprograms enhanced the ability to 
predict the daily operations of land terraces and reservoir impacts. Choodegowda (2009) focused on 
the water budget operations of Non-Federal Reservoirs. Information on the water budget led to 
improvement of POTYLDR to simulate the water budgets of the Non-Federal Reservoirs directly. 
Adaptation of those procedures to land terraces also provided means to partition water retained by 
conservation terraces.  

Land terraces are located primarily on landscapes in the Basin that produce enough runoff to cause 
erosion or to recharge the soil profile beneath the terrace channel to enhance rain-fed crop production. 
Terraces occur extensively on silt loam soils with mild to moderate slopes. These lands produce 
acceptable yields with reasonable management. Farmers have converted some terraced fields from 
crop production to various federal conservation programs such as the Conservation Reserve Program. 
Development of center-pivot irrigation technology has allowed irrigation on some areas originally 
terraced for rain-fed crop production. Terrace construction expanded rapidly in the 1950s and 60s but 
has continued at a slower pace until now. Terraces currently protect about 2.15 million acres of land, 
which represents about 15% of the Basin. About 65% of terraced fields are located above the bottom 
terrace in the field. 

The locations of the small Non-Federal Reservoirs that are included in this study are more diverse in 
nature. Reservoirs are mainly located in the Basin where sufficient runoff occurs to provide stored 
water for uses such as livestock watering or for some flood and erosion control. The dominant 
landscape in the contributing drainage area for the reservoirs consists of silt loam soil with sufficient 
slope to provide suitable locations for construction of the embankments. Most reservoirs were built as 
part of federal programs such as the Great Plains Act following the drought of the 1950s or as part of 
other programs that encouraged water storage and flood control. Landowners have not installed many 
new reservoirs in recent times. Modern farming practices enhance infiltration and retention of 
precipitation in the field; thus, runoff is less than for production practices at the time that reservoirs 
were constructed. The reduction in runoff from other farming practices and fewer incentives has 
discouraged installation of new reservoirs.  

The Conservation Committee identified 709 Non-Federal Reservoirs in the study area. The size of the 
catchment areas for individual reservoirs ranges from less than one-half to several hundred square 
miles. Most, however, were nearer to two square miles. Representing all reservoirs individually was 
beyond the scope of this study. Instead, “typical” reservoirs located near appropriate meteorological 
stations were characterized for conditions in each HUC-12. This approach provided a total treated 
drainage area for these reservoirs of about 1.2 million acres. This is somewhat less than 10% of the 
total drainage area of the Basin and about 12.5% of the contributing drainage area for the Basin. We 
discovered that the predicted catchment area for several Non-Federal Reservoirs in the western 
portion of the basin were very large for the built storage capacity. In addition, these reservoirs stored 
much less water than would be expected for large drainage areas. Relative to their size, they had little 
impact on runoff or recharge. We estimated their storage capacity and used that to estimate how much 
“effective” drainage area they would have by comparing them to other “typical reservoirs”. For 
instance, we represented the drainage area of the Flagler Reservoir in Colorado as five “typical 
reservoirs”. 
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We did not simulate every square foot of the Republican River Basin above the Hardy Gage. We 
divided the watershed into land where runoff drains into Non-Federal Reservoirs and land where 
runoff does not drain into a Non-Federal Reservoir as shown Figure 99. We also divided the 
watershed into land protected by terraces and land that is not terraced. The digitization process to 
determine the amount of terraced land generally resulted in tracing fields and larger land tracts that 
included terraced land. In such cases, some of the field or land tract is located below the bottom 
terrace in the field. The land below the bottom terrace of the field does not contribute to runoff 
retention; however, that land can contribute runoff to the Non-Federal Reservoir if the field is located 
in the drainage area of a reservoir. We did not simulate areas that do not retain water behind terraces 
and that do not drain into a Non-Federal Reservoir (crosshatched areas in Figure 99). We used the 
POTYLDR model to simulate the land conditions represented by the green shaded regions in 
Figure 99.  

 

 

Figure 99. Idealized HUC-12 Showing Regions Represented in the Water-Budget Modeling Process. 
 

Results for the Basin 

This study required results for four scenarios to estimate the effects of terraces and small reservoirs on 
streamflow at each subbasin outlet and the change in groundwater recharge within the subbasin. The 
scenarios involved simulation when:  

1. Neither land terraces nor Non-Federal Reservoirs are present. 
2. Only Non-Federal Reservoirs are present. 
3. Only land terraces are present.  
4. Both Non-Federal Reservoirs and land terraces are present in the catchment area.  

Results for scenarios one through three occur directly from simulation; however, scenario 4 required 
different treatment for terraced land that is in the catchment areas of reservoirs. Terraces in the 
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catchment area reduce reservoir inflow, which in turn reduces reservoir overflow somewhat and 
reduces groundwater recharge from the reservoir. Thus, terraced land located above reservoirs has less 
effect on streamflow from the subbasin than terraced land not above reservoirs. This necessitated 
simulation of an additional condition, (5) reservoirs with terraces in their catchment areas. The 
location of terraces in the HUC-12 does not affect the amount of groundwater recharge from terraces 
alone. It does affect the amount of groundwater recharge from reservoirs. Thus, results for scenario 
(4) were estimated by reducing results from scenario 3 to account for runoff from terraced lands not 
above a reservoir, and adding that amount to the overflow from reservoirs with terraces in their 
catchment area. This accounted for the remainder of terraces in the catchment areas of reservoirs to 
obtain the total runoff within the HUC-12 subbasin. The total groundwater recharge was the sum of 
the amount from all terraced lands in (2) plus the amount from (4) for the reservoirs with terraces in 
their drainage area. 

This section provides the findings of the study. The effects of the land terraces on the water supply for 
each of the designated drainage basins and for the full Republican River Basin above Hardy, 
Nebraska, include: 

 The difference in evaporation with and without land terraces, the difference in groundwater 
recharge with and without land terraces, the difference in ET with and without land terraces, 
and the total impact on water supply as measured at the gaging station near the bottom of each 
designated drainage basin. 

 The effect of Non-Federal Reservoirs on the water supply in a similar manner to No. 1 above.  
 The combined effect of both land terraces and Non-Federal Reservoirs on the water supply in 

a similar manner to No. 1 above.  
 

These three scenarios define the results required for the Study. A summary of the impacts on 
streamflow are presented in Table 34. Reservoirs Only without Terraces are results for Non-Federal 
Reservoirs in the basin. Reservoirs intercept surface runoff and that runoff either overflows the 
reservoir or remains in the reservoir for a period. Retained runoff is subsequently lost as evaporation 
from the exposed water surface, some additional evapotranspiration by plants along or in the storage 
area of the reservoir, or as seepage through the sides and bottom of the reservoir. Water that seeps 
from the reservoir becomes groundwater recharge under the reservoir. Since retained water does not 
flow downstream, the reduction is water flow in the stream results in reduced outflow from the 
subbasin and less water flow along the watercourse to the outlet of the subbasin, which reduces 
transmission losses. In all cases, the increase in Net ET plus Recharge equals the decrease in Surface 
Runoff plus decrease in Transmission Loss:  

 0n ch l lET R Q T     (13) 

where, 

 ETn  = net increase in ET due to water retained in terraces and reservoirs, 
 Rch = increase in groundwater recharge from terrace channels and reservoirs, 
 Ql  = reduction of streamflow, 
 Tl   = reduction of transmission loss. 
 

The effects are the same for the Terraces Only Scenario as for the Reservoirs Only Without Terraces 
Scenario. However, for the Terraces Only Scenario more of the retained water is lost as net ET 
because water is ponded less deeply and the terrace channel generally supports more terrestrial plants 
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that extract more stored water from the soil than the generally less dense plant growth along a 
reservoir.  

Terraces have their full effect for the Terraces Plus Reservoirs Combined Scenario as for the Terraces 
Only Without Terraces Scenario. The net effect of reservoirs declines somewhat due to terraces in the 
reservoir catchment areas. Less runoff flows into the reservoirs and subsequently results in less net ET 
and recharge from the reservoir, and smaller downstream flow and transmission losses as well  

Terraces and Non-Federal Reservoirs substantially influence the water resources of the Republican 
River Basin above Hardy, Nebraska. The impacts when both terraces and Non-Federal Reservoirs are 
present in the basin are compared to conditions when no terraces or Non-Federal Reservoirs are 
present (Table 34). 

The impact for the whole basin is found by totaling the impact for all subbasins for average annual 
results, which shows that: 

 Net evapotranspiration increased by an average of about 35,900 acre-feet/year. 
 Recharge increased about 89,400 acre-feet/year. 
 Surface runoff decreased by about 60,500 acre-feet/year.  
 Transmission loss decreased by about 64,800 acre-feet/year. 

 

The total drainage area in the Basin is about 22,940 square miles while approximately 3,350 square 
miles of terraced land existed in the basin in 2006. Field surveys showed that about 65% of the total 
area for terraced fields, or 2,180 square miles, is above the lowest terrace in the field. Water retained 
in conservation terraces either goes to evapotranspiration by plants growing in the channel, evaporates 
from open water standing in the terrace channel, or percolates beyond the root zone of plants along the 
terrace channel and becomes groundwater recharge eventually. Across the basin, land terracing 
reduces runoff from the areas above terraces by about 32 acre-feet/year per square mile for an average 
total retention of about 71,000 acre-feet/year. Evapotranspiration in the terrace channel consumes 
about 33 percent of the retained runoff (i.e. 24,000 acre-feet/year) while the remainder (47,000 acre-
feet/year) seeps through crop root zones and eventually recharges groundwater.  

The total drainage area for the 709 small, Non-Federal reservoirs is about 5,870 square miles. Of this 
area, the “effective drainage area” is about 1,750 square miles. A number of these reservoirs are in the 
western portion of the basin where the soils and drainage network make surface runoff production and 
transmission very low. The estimated effect of reservoirs only reduces runoff losses by an average of 
about 33 acre-feet/year per square mile of effective drainage area for an average total of about 
58,000 acre-feet/year at the reservoirs. Evaporative processes consume about 20 percent of the runoff 
retained in the reservoirs (12,000 acre-feet /year) while the remainder of the retention (46,000 acre-
feet) eventually seeps from the reservoir and will eventually become groundwater recharge.  

Some of the terraced land is in the catchment areas for the reservoirs. The effects of terraces and small 
reservoirs are not independent. The response of the reservoir depends on the impacts of field terraces. 
Combining the impacts for the systems and accounting for the overlap gives an average total reduction 
of runoff of about 125,000 acre-feet/year, about 4,000 acre-feet/year less than for the sum of 
individual impacts.  

Downstream impacts of the reduction in runoff from terraces and reservoirs result in less streamflow 
and reduced transmission losses along the stream and other watercourses. The sum of the two 
reductions equals the amount of runoff retained by the reservoirs and terraces. Losses of water from 
the stream from locations of the reservoirs and the terraced fields decrease the amount of runoff that 
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reaches the outlet of subbasins, or designated drainage basins. The average transmission loss rate in 
the basin is about two percent of the amount of flow in the stream per mile of flow along the stream. 
This high loss and the long stream lengths in the subbasins contribute to transmission losses equal to 
about half of the runoff from fields or overflow from reservoirs that enters the watercourses. 

The additional recharge under the reservoirs and the terraced fields may eventually produce additions 
to surface streamflow or to groundwater for use in the basin. The locations for recharge are further 
upstream than without the terraces and reservoirs in the basin and on areas where recharge rates are 
much lower with these conservation practices in place. 

Only the additional water lost by evaporation from the reservoirs and additional ET from the terraces 
channels is a direct loss from the hydrologic cycle in the basin. The additional recharge may still be 
available depending on many other factors and on the time scale for the accounting used.  

Small reservoirs and land terracing are important practices for this basin. Reservoirs store water, 
provide some potential for a small part of the water use, aid in flood control, grade stabilization in 
eroding channels, and provide some water-based recreation and wildlife habitat. Terracing reduces 
soil erosion by water on cropland on sloping lands and increases the available water supply for 
dryland crops in much of the basin. In addition, these conservation measures provide improved water 
management close to where runoff occurs.  

Distribution of Results 

The impact of the simulation scenarios summarized for the HUC-8 subbasins are in Table 34. The 
results for net evapotranspiration, runoff reduction, recharge, and transmission loss are plotted for 
HUC-12 subbasins for each scenario in Figures 100 through 107. The results for terraces alone show 
that the major impact occurs in the central portion of the basin. The impacts are most significant for 
the lower reaches of Beaver, Sappa, and Prairie Dog Creeks with somewhat smaller impacts at the 
lower portions of Red Willow and Medicine Creek, and some areas along the mainstem of the Upper 
and Middle Republican subbasins (Figures 100 and 101). The maps show that the recharge is about 
twice the net ET for the terraces only scenario. The reductions to stream runoff are about the same 
scale as the transmission losses.  

The impact for the Reservoir only scenario appears in Figures 102 and 103. These impacts are much 
less widely distributed. Some of the most intense effects occur in Medicine Creek, the Upper 
Republican subbasin, and along the state line in the Middle Republican subbasin. Combining terraces 
and reservoirs strongly concentrates the impact to the central portion of the Basin with most impact 
above Harlan County Reservoir (Figure 104 and 105). Simulation of scenario 4 for reservoirs with 
terraces in the drainage or catchment areas resembles the distribution for reservoirs only (Figure 102 
and 103). The distribution of results in Figures 100 through 107 illustrate that the majority of subbasin 
impacts occur in the lower reaches of the subbasins. 



 

128 

 

Table 34. Simulation results for HUC-8 subbasins expressed as the average impact in acre-feet/year at the outlet of the subbasin for the 59-year period from 1950 through 2008. 
System Simulated → Terraces Only:    

Net ET is the increase in the terrace channels 
 
Recharge is the increase under the terrace channels 
 
Surface Runoff reduction = Runoff reduction at the field 
edge out of terraces times the Transmission loss percentage 
based on the distance to sub-basin outlet and the 
percent/mile loss rate. 
 
Transmission Loss Reduction = Runoff reduction at the field 
edge out of the terrace channels minus the surface runoff 
reduction 

Reservoirs Only: 
Net ET is the increase in net surface evaporation plus 
increase in ET from periodically inundated areas within the 
reservoir storage area Recharge is the net seepage out of the 
reservoir  
 
Surface Runoff reduction is the difference between inflow 
to the reservoir and outflow from the reservoir times the 
Transmission loss factor based on the distance to the sub-
basin outlet and the percent/mile loss rate.  
 
Transmission Loss reduction = The difference between 
inflow to the reservoir and outflow from the reservoir minus 
the surface runoff reduction. 

Terraces and Reservoirs Combined:  
 
Net ET is the sum of Reservoirs With Terraces plus the Net 
ET for Terraces Only. 
 
Recharge is the sum of the Recharge for Reservoirs With 
Terraces plus the Recharge for Terraces Only. 
 
Surface Runoff reduction is the sum for Reservoirs With 
Terraces plus the surface runoff reduction for Terraces 
Only. 

Reservoirs With Terraces in Drainage Area: 
 
Effects are the same as for Reservoirs Only except the 
terraces in the drainage area reduce inflow to the 
reservoir and results in lower amounts of Net ET, 
Recharge, Surface Runoff reduction, and Transmission 
Loss reduction for the reservoirs. 

      Some terraces are in the reservoir drainage areas. Some terraces are in the reservoir drainage areas. 

  

For ALL Scenarios: 
 
Net ET + Recharge = Field or drainage area runoff that does 
not flow beyond the terrace or reservoir.  
 
Downstream this reduction in runoff equals to less surface 
runoff from the stream plus less Transmission Losses from 
the stream.   
 
In all tables, Surface Runoff and Transmission Losses are 
shown as negatives to indicate they are reduced. 

The effects of transmission losses and recharge on total 
streamflow and groundwater in each sub-basin is unknown 
and is beyond the scope of this project. 

Results for Reservoirs With Terraces in the drainage area 
plus Scenario #1 for Terraces Only. 
 
Values for Reservoirs With Terraces are shown to the right 
for clarity only. 

  
SCENARIO #1 SCENARIO #2 SCENARIO #3 SCENARIO #4 

  TERRACES ONLY RESERVOIRS ONLY WITHOUT TERRACES TERRACES PLUS RESERVOIRS COMBINED RESERVOIRS ONLY WITH TERRACES 

SUMMARY BY SUB-BASIN 
NET  
ET 

SURF  
RUNOFF RECHARGE 

TRANS. 
LOSS 

NET  
ET 

SURF.  
RUNOFF RECHARGE

TRANS. 
LOSS 

NET  
ET 

SURF.  
RUNOFF RECHARGE 

TRANS.  
LOSS 

NET  
ET 

SURF.  
RUNOFF RECHARGE

TRANS. 
LOSS 

Arikaree 349 -195 364 -518 7 -24 20 -4 355 -213 380 -521 6 -19 16 -3 

NFRepublican - Abv CO-NE Stateline 483 -148 368 -704 46 -106 130 -70 530 -253 497 -774 46 -106 130 -70 

Republican River 5,207 -14,126 12,537 -3,619 5,785 -22,399 22,551 -5,936 10,585 -34,799 33,301 -9,087 5,378 -20,674 20,764 -5,468 

Buffalo Cr 99 -41 125 -183 0 0 0 0 99 -41 125 -183 0 0 0 0 

Rock Cr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SFRepublican - Abv Bonny Dam 558 -265 521 -815 177 -97 508 -588 720 -352 979 -1,347 162 -87 458 -532 

SFRepublican - BonnyDam to Mouth 894 -931 1,313 -1,275 140 -375 459 -224 1,031 -1,302 1,763 -1,492 137 -370 450 -217 

Blackwood Cr 312 -523 804 -592 768 -1,656 2,844 -1,956 1,008 -2,012 3,343 -2,339 697 -1,489 2,539 -1,747 

Driftwood Cr 1,165 -1,337 2,303 -2,131 65 -170 234 -130 1,226 -1,494 2,519 -2,250 61 -157 215 -119 

Frenchman - abv Enders Dam 680 -163 694 -1,212 120 -276 371 -215 784 -402 1,008 -1,391 104 -239 314 -179 

Frenchman - Enders Dam to Mouth 628 -701 1,151 -1,078 271 -606 933 -598 882 -1,268 2,015 -1,628 254 -567 863 -550 

Red Willow Cr - Abv Red Willow Dam 326 -677 746 -396 397 -1,027 1,454 -824 693 -1,613 2,063 -1,143 367 -936 1,317 -747 

Red Willow Cr - Red Willow Dam to Mouth 189 -489 528 -228 18 -63 68 -23 205 -545 587 -247 16 -55 59 -20 

Medicine Cr - Abv Medicine Cr Dam 657 -1,008 1,444 -1,093 1,897 -3,160 6,796 -5,533 2,759 -4,196 8,101 -6,663 2,101 -3,188 6,657 -5,570 

Medicine Cr - Medicine Cr Dam to Mouth 136 -291 247 -91 31 -106 109 -33 171 -402 356 -126 36 -110 109 -35 

Sappa Cr 5,036 -1,657 9,147 -12,525 1,241 -497 4,397 -5,142 6,192 -2,115 13,197 -17,274 1,157 -458 4,050 -4,749 

Beaver Crk 3,757 -1,884 7,004 -8,877 670 -660 2,308 -2,318 4,384 -2,496 9,136 -11,024 627 -612 2,132 -2,147 

Prairie Dog - Abv Norton Dam 2,465 -3,438 4,868 -3,895 310 -922 1,138 -527 2,753 -4,286 5,910 -4,376 287 -848 1,042 -481 

Prairie Dog - Norton Dam to Mouth 1,157 -1,818 2,764 -2,102 407 -1,024 1,525 -909 1,536 -2,762 4,170 -2,945 380 -944 1,406 -843 

Total for Republican River abv Hardy, NE 24,098 -29,692 46,928 -41,334 12,350 -33,166 45,844 -25,029 35,912 -60,550 89,447 -64,810 11,815 -30,857 42,520 -23,476 

Note: The transmission loss for the Republican River was calculated from the centroid of each HUC-12 to its junction with the mainstem. Transmission losses were not computed for the mainstem from the junction to Hardy, NE.
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Figure 100. Distribution of Net ET and Surface Runoff in acre-feet/year for the Scenario only Considered 
Terraced Land 
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Figure 101. Distribution of Groundwater Recharge and Transmission Losses for the Scenario Considered 
only the Effect of Terraced Land 
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Figure 102. Distribution of Net ET and Surface Runoff in acre-feet/year for the Scenario Only 
Considered the Effects of Only Reservoirs 
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Figure 103. Distribution of Groundwater Recharge and Transmission Losses for the Scenario Considered 
only the Effect of Reservoirs 
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Figure 104. Distribution of Net ET and Surface Runoff in acre-feet/year for the Scenario Considered the 
Combined Effect of Terraced Land and Reservoirs 
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Figure 105. Distribution of Groundwater Recharge and Transmission Losses for the Scenario Considered 
the Combined Effect of Terraced Land and Reservoirs 
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Figure 106. Distribution of Net ET and Surface Runoff in acre-feet/year for the Scenario Considered the 
Effect of Reservoirs when Terraced Land is in the Drainage Area for the Reservoir  
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Figure 107. Distribution of Groundwater Recharge and Transmission Losses for the Scenario Considered 
the Effect of Reservoirs when Terraced Land is in the Drainage Area for the Reservoir  

  



 

137 

 

Uncertainty in Transmission Loss 

The total water flow that leaves the edge of the fields or that overflows reservoirs results from the 
performance of terraces and small reservoirs. We estimated the impact of terraces and reservoirs was 
an upstream reduction of about 126,000 acre-feet per year for the whole Basin. Water that leaves the 
edge of a field or that overflows a reservoir may be lost in transmission between the field or reservoir 
and the stream before the water enters the stream. If transmission losses are high, then less of the 
upstream flow from the fields and reservoirs will reach the stream. Changing the transmission loss 
rate thus does not alter the total volume of water that leaves fields and reservoirs; it only changes the 
fraction of the upstream impact that is lost in conveyance and indirectly the flow into streams.  

Simulated transmission losses are largest in the western portions of the Basin and lowest in the 
eastern portion. Periods with wetter conditions likely have lower losses than for dry periods; 
however, we need better methods and data about transmission loss to improve modeling transmission 
losses. For now, we can only address the loss with the loss factor. The range of uncertainty for this 
factor can change estimates of the streamflow impacts by as much as ±25%.  We used three sets of 
transmission losses factors across the Basin to examine the sensitivity of the transmission loss factor. 
Values for the base loss rate (Table 35) represent our best estimate for average transmission losses in 
the Republican River Basin. The higher loss rate represents a one percent increase for all HUC-12s, 
while the lower loss rate reflects a reduction of one percent for all HUC-12s.  

The base loss rate resulted in a nearly equal split between transmission loss and streamflow for the 
126,000 acre-feet/year impact (Table 35). Raising the loss rate by one percent increased transmission 
losses by about 13% and deceased streamflow reductions by about 14%. About 55 percent of the 
upstream impact becomes transmission loss for the high transmission loss. Decreasing the 
transmission loss rate produced less impact on the transmission losses and enlarged the impact on 
flows into the stream. Transmission loss for the lower loss rate was about 44% of the total upstream 
impact. Clearly, the transmission loss factor is an important component for streamflow reduction. 

 
Table 35. Effect of Transmission Loss Factors on the Division of Upstream Impacts for the Basin. 

Transmission Loss Rate, 
% loss / mile 

Decrease in 
Transmission Losses  

Decrease in  
Streamflow 

 
Upstream 

Impact 

3.5 to 2.5 Higher -70,000 -55,000 -125,000 

2.5 to 1.5 Base -62,000 -64,000 -126,000 

1.5 to 0.5 Lower -43,000 -82,000 -125,000 

Note: All Values are Rounded to the Nearest 1,000 acre-feet/year.
 

Sensitivity Analyses 

Many input variable values and assumptions affect the output from computer simulation models. In 
this project, many values of variables in the computer simulation model along with characteristics of 
the terraces and small reservoirs, plus the transmission loss factor, affect the streamflow reduction 
and recharge increase.  

Dr. Koelliker has used the POTYLD model for many years. That work has provided him substantial 
experience with selecting and using reliable values for the situation in this study. Variables affect 
runoff, soil water storage, percolation, etc. In addition, the amounts of runoff, percolation, etc. in the 
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field have been considered and discussed with Dr. Dean Eisenhauer and Dr. Derrel Martin at the 
University of Nebraska-Lincoln to ensure that simulation results are realistic. Direct comparison of 
modeling results to field measurements is not possible for the project; however, the results are 
consistent with the modeling work by Twombly (2008). In addition, this project focuses on the 
amount of change in streamflow and recharge only on those areas affected by terraces and a set of 
small Non-federal reservoirs. Therefore, the process is to predict the change in runoff and recharge 
rather than the magnitude of streamflow and recharge. The change in streamflow and recharge are 
the primary focus of the sensitivity analyses. 

We examined the sensitivity of the results related to the magnitude of several input values that affect 
the results for terraces and small federal reservoirs. This section shows how the results of using 
several different input values for terraces, small Non-Federal Reservoirs, and the transmission loss 
factor affect the change is streamflow, recharge, net evapotranspiration and the amount of 
transmission losses in the Basin.  

Terrace Input Values 

When water is present in terraces there is greater opportunity time for infiltration out of and 
evaporation from the free-water surface. In addition, if a subsequent event produces runoff before the 
terrace channel empties there is a greater chance that overflows will occur. Terraces with no retention 
storage, particularly graded terraces, have less time for additional infiltration and evaporation, but 
many of these terraces have low areas that can retain small amounts of water and the detention time, 
too, allows for some infiltration and evaporation to occur. Level terraces with open ends must detain 
water to create enough depth to allow gravity to cause water to flow to the outlet. Water may stay in 
the terrace channel for several days during the drain out period allowing additional infiltration and 
evaporation. Storage-type terraces have level bottoms and even if when breached they have as much 
effect on runoff as level terraces with open ends. Properly functioning level terraces with closed ends 
have a large enough retention capacity so that retained water is only lost by infiltration and 
evaporation from the stored water surface.  

We examined the effect of changing the storage capacity of closed-end terraces on the water balance 
components for the Basin. Raising and lowering the overflow level for both types of storage terraces 
provided the variation in storage capacity. We analyzed the impact for two larger amounts of terrace 
storage and two smaller amounts of storage compared to the base amount of storage capacity used for 
the general simulations. The storage capacity for the base condition came from the field survey. The 
outlet elevation is an input variable to the TERRACEPOND portion of the model. As discussed 
previously, the effects of terraces and small reservoirs for the last 10-year period were quite 
comparable to results for the entire 59-year period; therefore, the sensitivity analysis for storage 
capacity only covered the last 10-year period only, i.e. 1999-2008. The sensitivity analysis results in 
Table 36 describe the impact for the five levels of storage for the four scenarios used in the study.  
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  Table 36. Results of sensitivity analysis for the impact of changes in terrace storage capacity, the infiltration rate for terraces and the seepage rate from reservoirs on water balance components for the entire Basin. 
Terrace Storage Capacity for Closed-End Types SCENARIO #1, ac-ft/yr total SCENARIO #2, ac-ft/yr total SCENARIO #3, ac-ft/yr total SCENARIO #4, ac-ft/yr total 

Only Changed Storage for Closed-End Terraces TERRACES ONLY RESERVOIRS ONLY WITHOUT TERRACES TERRACES PLUS RESERVOIRS COMBINED RESERVOIRS ONLY WITH TERRACES 
    NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS
Biggest Terrace   27,974 -39,667 58,224 -46,534 12,351 -35,224 47,611 -24,740 39,959 -72,953 103,171 -70,180 11,985 -33,286 44,947 -23,647 
Bigger Terrace   26,127 -35,994 52,595 -42,729 12,351 -35,224 47,611 -24,740 38,111 -69,280 97,543 -66,375 11,985 -33,286 44,947 -23,647 
SUM FOR ALL 1999-2008 (BASE) 24,986 -32,318 46,122 -38,792 12,351 -35,224 47,611 -24,740 36,970 -65,603 91,070 -62,438 11,985 -33,286 44,947 -23,647 
Smaller Terrace   22,648 -28,312 39,947 -34,283 12,351 -35,224 47,611 -24,740 34,632 -61,599 84,893 -57,931 11,985 -33,286 44,947 -23,647 
Smallest Terrace   21,937 -27,276 38,319 -32,978 12,351 -35,224 47,611 -24,740 33,920 -60,562 83,266 -56,623 11,985 -33,286 44,947 -23,647 
Ac-ft/yr change       Note: Terrace characteristics in the reservoir drainage areas were not changed because of work required and effects are small on overall results.  
Biggest Terrace BB: 1.29, FC: 1.77 in.  2,988 -7,349 12,102 -7,742             
Bigger Terrace BB: 0.74, FC: 1.33 in.  1,141 -3,676 6,473 -3,937             
BASE BB: 0.48, FC: 0.99 in.  0 0 0 0             
Smaller Terrace BB: 0.32, FC: 0.76 in. -2,338 4,006 -6,175 4,509             
Smallest Terrace BB: 0.20, FC: 0.57 in. -3,049 5,042 -7,803 5,814                         
Percent Change                   
Biggest Terrace Level #, BB: 10, FC: 12 12.0 22.7 26.2 20.0                         
Bigger Terrace Level #, BB: 9, FC: 11 4.6 11.4 14.0 10.1             
BASE Level #, BB: 8, FC: 10 0.0 0.0 0.0 0.0             
Smaller Terrace Level #, BB: 7, FC: 9 -9.4 -12.4 -13.4 -11.6             
Smallest Terrace Level #, BB: 6, FC: 8 -12.2 -15.6 -16.9 -15.0                         

Terrace Infiltration Rate for All Types SCENARIO #1, ac-ft/yr total SCENARIO #2, ac-ft/yr total SCENARIO #3, ac-ft/yr total SCENARIO #4, ac-ft/yr total 

    TERRACES ONLY RESERVOIRS ONLY WITHOUT TERRACES TERRACES PLUS RESERVOIRS COMBINED RESERVOIRS ONLY WITH TERRACES 
    NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS
Lower Rate   25,299 -29,825 41,131 -36,605 12,351 -35,224 47,611 -24,740 37,284 -63,111 86,079 -60,251 11,985 -33,286 44,947 -23,647 
SUM FOR ALL 1999-2008 (BASE) 24,986 -32,318 46,122 -38,792 12,351 -35,224 47,611 -24,740 36,970 -65,603 91,070 -62,438 11,985 -33,286 44,947 -23,647 
Higher Rate   23,418 -33,527 49,988 -39,880 12,351 -35,224 47,611 -24,740 34,632 -61,599 84,893 -57,931 11,985 -33,286 44,947 -23,647 
Ac-ft/yr change       Note: Terrace characteristics in the reservoir drainage areas were not changed because of work required and effects are small on overall results. 
Lower Rate, in./day 0.25 bottom, 0.50 above 313 2,493 -4,991 2,187                         
BASE 0.50 bottom,1.00 above 0 0 0 0             
Higher Rate, in./day 1.0 bottom, 2.0 above -1,568 -1,209 3,866 -1,088                         
Percent Change                   
Lower Rate   1.3 -7.7 -10.8 -5.6                         
BASE   0.0 0.0 0.0 0.0             
Higher Rate   -6.3 3.7 8.4 2.8                         

Reservoir Seepage Rates   SCENARIO #1, ac-ft/yr total SCENARIO #2, ac-ft/yr total SCENARIO #3, ac-ft/yr total SCENARIO #4, ac-ft/yr total 

    TERRACES ONLY RESERVOIRS ONLY WITHOUT TERRACES TERRACES PLUS RESERVOIRS COMBINED RESERVOIRS ONLY WITH TERRACES 
    NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS NET ET SURF. RUNOFF RECHARGE TRANS. LOSS
Lower Rate   24,986 -32,318 46,122 -38,792 14,851 -31,793 39,713 -22,771 39,448 -62,478 83,597 -60,568 14,463 -30,160 37,474 -21,778 
SUM FOR ALL 1999-2008 (BASE) 24,986 -32,318 46,122 -38,792 12,351 -35,224 47,611 -24,740 36,970 -65,603 91,070 -62,438 11,985 -33,286 44,947 -23,647 
Higher Rate   24,986 -32,318 46,122 -38,792 10,234 -37,444 53,326 -26,117 34,772 -67,325 95,963 -63,411 9,786 -35,008 49,841 -24,619 
Ac-ft/yr change   Note: Terrace characteristics do not affect results.             
Lower Rate, in./day 0.05 linear to 0.60 full         2,500 3,431 -7,898 1,969 2,478 3,125 -7,473 1,870 2,478 3,126 -7,473 1,869 
BASE 0.10 linear to 1.2 full     0 0 0 0 0 0 0 0 0 0 0 0 
Higher Rate, in./day 0.20 linear to 2.4 full         -2,117 -2,220 5,715 -1,377 -2,198 -1,722 4,893 -973 -2,199 -1,722 4,894 -972 
Percent Change                   
Lower Rate           20.2 -9.7 -16.6 -8.0 6.7 -4.8 -8.2 -3.0 20.7 -9.4 -16.6 -7.9 
BASE       0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Higher Rate           -17.1 6.3 12.0 5.6 -5.9 2.6 5.4 1.6 -18.3 5.2 10.9 4.1 
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The results of the sensitivity analysis are generally as expected (Figure 108). Note that the values in 
Figure 108 represent the percent increase or decrease for each quantity whereas values in Table 36 
for streamflow and transmission losses represent the percent changes in the reduction. Larger terrace 
retention capacities keep more water on the field and therefore increase both net evapotranspiration 
and recharge while reducing streamflow and transmission losses. Enlarging the storage increased 
recharge much more than evapotranspiration. Reductions in streamflow and transmission losses are 
about the same for changes in storage. The range of storage values tested in this analysis is much 
larger than the expected variation of storage. For example, changes for the bigger and smaller 
volumes vary from 20% to 50% of the base volume. The range of changes in ET, streamflow, 
recharge and transmission loss is less than the range of storage changes. We estimated the 
uncertainty to be about ±5% of the base storage capacity. Therefore, we expect that the effects on 
streamflow and recharge due to uncertainty of storage will be within the 5% variation of storage.  

 

 
Figure 108. Results of Sensitivity Analysis for Terrace Storage Capacity  

(Storage Capacities of Biggest, Bigger, Smaller and Smallest).   
 

Terraces in the drainage areas of the small Non-federal reservoirs have a minor effect on the results 
for the reservoirs. The amount of land above terraces is only about 10% of the total area in the 
drainage basin for these reservoirs; therefore, inflow changes to the reservoirs would be only about 
1 to 2 percent in most areas. Therefore, the effect of changes in terrace storage capacity on the water 
balance of reservoirs is small and the difference is less than the variation of results that would occur 
due to uncertainty of other inputs.  

The base rate of infiltration used in the TERRACEPOND program for the overall simulations is 
0.5 inches/day for Levels 1 and 2 and 1.0 inches/day is used for all other levels. To examine the 
sensitivity of the infiltration rate, the infiltration rates were lowered to 0.25 and 0.50 inches/day and 
the entire basin was simulated for the 10-year period. Subsequently, the rates were increased to 
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1.0 and 2.0 inches/day and again simulations were conducted for the entire basin. Table 36 shows the 
results of the runs for the change in infiltration rates in the middle of the table. 

The change in infiltration rates had smaller effects than varying terrace storage. Decreasing the 
infiltration capacity had a larger effect on outcomes than increasing the infiltration rate. Slightly 
more net evaporation resulted because a larger area was inundated due to slower infiltration. Less 
recharge occurred with lower infiltration rates. Instead of infiltrating as rapidly, more water remained 
ponded in the channel and subsequent runoff events, though infrequent, resulted in more overflow 
from the terrace; therefore, more streamflow and transmission loss occurred. The higher infiltration 
rates resulted in less net evapotranspiration because more of the water infiltrated over a smaller area. 
The areas where infiltration did occur lost a greater portion of the water as percolation that became 
subsequent recharge. 

We did not model the effect of infiltration rates for terrace channels in the drainage areas of 
reservoirs. To simulate changes in terrace infiltration in the POTYLDR portion of the model would 
have required editing 192 files. However, we can estimate the impact because the change in overflow 
out of the terraces changes the ratio of the runoff volume to the reservoir volume. The change in 
infiltration rates would result in less than a one percent change in inflow to the typical reservoir. 

When water is present in the bottom of terraces, there is greater opportunity time for seepage and 
evaporation from the free-water surface. Overflow is more likely if subsequent runoff-producing 
events occur before the retention has emptied. Terraces with no retention storage, particularly graded 
terraces, have less time for infiltration and evaporation; however, many terraces have low areas that 
retain small amounts of water that allows for additional infiltration and evaporation. Level terraces 
with open ends must detain water to create enough depth to allow gravity to cause water to flow to 
the outlet. Water may be detained for several days during the drain out period and additional 
infiltration and evaporation occur during these periods. Storage-type terraces have level bottoms and 
even if breached, have as much effect on runoff as level terraces with open ends. Properly 
functioning level terraces with closed ends have adequate retention capacity so that the only loss of 
water from the terrace is by infiltration and evaporation except for large, very infrequent, events.  

Reservoir Analyses 

Reservoirs decrease flow from the subbasin, and reduce streamflow and transmission losses. 
Choodegowda (2009) evaluated the impact of several factors on the amount of overflow, recharge, 
and net evapotranspiration for small Non-Federal Reservoirs. The analysis showed that the most 
sensitive factor was the ratio of the annual volume of surface runoff (R) into the reservoir compared 
to the retention volume of the reservoir (V).  Other factors including evaporation rate (E), seepage 
rate (S), surface are (SA) to volume (V) ratio, and reservoir depth (D) had less effects on the water 
budget of a reservoir. These results are applicable to the entire basin but testing each subbasin is 
tedious because of the time and effort needed to change parameters in the 192 separate input files to 
the POTYLDR model. 

Results from Choodegowda for small reservoirs are specific to the location of the reservoir. Factors 
that affect the water balance from specific reservoirs also apply for the entire basin. This assumes 
that the effects of transmission losses are unaffected by changes in overflow at the reservoir location. 

The comprehensive model was used to examine the sensitivity of the seepage rate on the entire basin 
by changing the base seepage rate. The base seepage rate in the model that was developed from 
examining the operation of several of the monitored reservoirs is described by 
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where, 

 S  = seepage rate, inches/day  
 ST  = stage of the reservoir, feet 
 D  = depth of the reservoir at the principal spillway, feet. 
 

The seepage rate is a minimum of 0.10 inches/day at the bottom and increases linearly with the stage 
or depth of water in the reservoir. The high rate of seepage when the reservoir is nearly full was a 
consistent characteristic determined from the monitored reservoirs. 

The sensitivity analysis involved cutting the range of basic seepage rates in half from 0.05 to 
0.60 inches/day, and doubling the range of values from 0.20 to 2.4 inches/day. Changing values 
entailed a global search and replace in the 192 input files to the POTYLDR portion of the model. 
Then, the modeling process was run for the last ten years of records. Table 36 shows the results of 
changing the seepage rate on the impact of reservoirs alone in Scenario #2 for reservoirs only without 
terraces. The lower seepage rate increases runoff and transmission losses downstream by a combined 
total of about 5,400 acre-feet/year because more overflow from the reservoirs occurs which is 
equivalent to an increase of about 9%. More net evapotranspiration occurs from the reservoirs 
because they hold water more of the time and conversely recharge declined due to less seepage. Net 
evapotranspiration increased by about 20% while recharge dropped about 17%. 

Higher seepage rates decrease runoff and transmission losses downstream because the reservoirs 
have about 3,600 acre-feet/year, or about 6%, less overflow than for the base case. Less net 
evapotranspiration occurs because the water seeps out more quickly and the surface area is usually 
smaller. Higher seepage rates enhanced recharge. Net evapotranspiration is the most sensitive 
component of the water balance as a percentage, but as a volume, it has a small effect of the overall 
water balance.  

Uncertainty of Assumptions 

Simulated transmission losses are larger in the western portions of the basin and lower in the east. 
Periods with higher precipitation likely have lower transmission losses than during dry periods, 
because ephemeral waterways are wetter with less bank storage and seepage. Data and processes to 
more thoroughly simulate transmission losses are lacking. Information on how and when to apply 
varying loss factors is unavailable. The procedure used to estimate transmission losses in the study 
relies on a loss factor that has a significant effect in partitioning overflow from terraces and 
reservoirs. The uncertainty for this factor causes estimates of effects on streamflow to vary by about 
±25%. Transmission losses may increase groundwater recharge because much of the loss infiltrates 
along the ephemeral stream channel and into the alluvial groundwater systems. Transmission losses 
may also turn into evapotranspiration by plants along the ephemeral waterway. We did not attempt to 
divide the transmission loss into groundwater recharge or increased evapotranspiration. 

This study was intended to evaluate only the impacts of Non-Federal Reservoirs and terraces on 
water supply of the Republican River Basin above Hardy, Nebraska. It was not intended to evaluate 
other impacts such as tillage practices, on-farm irrigation practices, or other water conservation 
practices, or to include other reservoirs that are presumably don’t meet the criteria of the Non-Federal 
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Reservoir. These practices may have an impact on water supply, but the effects were not evaluated. 
Other small reservoirs in the basin may affect streamflow or ground water recharge by ±15%. 

Additional Considerations 

There are numerous assumptions and representations needed for simulation of the impact of terraces 
and reservoirs. This section summarizes some of those considerations.  

 All simulations were for the 59-year period of record for the meteorological stations. The 
overall results are the long-term average for each HUC-12 and for the basin as a whole. 
While we feel that this is an appropriate climatological record for this analysis, using other 
climatic data would produce slight differences. 

 Computer simulation models of the water balance can produce output on a yearly and 
monthly basis. This data is available to those familiar with the programs. However, those 
results are not useful for making conclusions about the overall results. 

 Soil types and land uses on terraced fields are not the same as for non-terraced fields. We 
estimated these differences from the GIS coverages available for the region. We also 
determined unique properties for the catchment areas above of reservoirs to account for 
differences in these areas compared to the whole HUC-12. 

 The portion of a terraced field above the lowest terrace was set to a constant value of 65%.  
 The transmission loss factor is a constant in time and space for each HUC 12.  
 The simulated unit values per square mile for the effects of terraces produced by the water 

balance operations are represented by using the same typical terrace characteristics of each of 
the five terrace types throughout the basin. 

 The characteristics of typical reservoirs were associated with each of the 32 meteorological 
stations. Output from the simulations at each station for inflow, outflow, percolation, and net 
ET per square mile of reservoir drainage area were weighted by the distance from the 
weather station to the centroid of the HUC-12. Values for the three nearest stations to each 
HUC-12 adequately represent the effects of small Non-federal reservoirs in each HUC 12. 

 The terraces surveyed in the basin are representative of the entire population in the Basin. 
 Small Non-Federal Reservoirs for which sufficient information was available to describe 

their characteristics for input to the POTYLDR model were representative of the entire 
population of those reservoirs included in the study. 

 The results of this study cannot be extended to represent all areas within the Basin. 
 We did not attempt to compare the results of the simulations with a recorded streamflow 

record over time from a subbasin.  
 

Based on these considerations and the material in this report we feel that these results are an adequate 
representation of small reservoirs and terraces on the water balance for the Republican River basin. 
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Appendices 
 

Appendix A. Reservoirs with Water-Level Monitoring Equipment 

Reservoir Id Reservoir Name Location 

Storage at  
Spillway Height  
m3 acre-ft 

COLORADO 
Flagler Flagler Reservoir NW1/4SW1/4 Sec. 3, T9S, R50W 3,807,758 3084.7 

KANSAS 
DDC-0057 Shirley Rd. Fill Dam SE1/4SE1/4 Sec 2 T3S R30W 39,829 32.3 
DRA-0001 Atwood Lake SW1/4SE1/4 Sec 5 T3S R33W 86,344 69.9 
DRA-0083 Holste Dam NE1/4NW1/4 Sec 9 T3S R32W 32,477 26.3 
DNT-1AA Archer Dam SE1/4SW1/4 Sec 35 T2S R32W 82,470 66.8 
DRA-0056 Olson Dam NW1/4NE1/4 Sec 2 T3S R32W 100,898 81.7 
DPL-Hogan Hogan Dam SW1/4SW1/4 Sec 25 T1S R20W 5,378 4.4 
DPL-Knape Knape Dam NW1/4SW1/4 Sec 7 T1S R18W 12,334 10.0 
DCN-Zimb Zimbelman Dam SW1/4NW1/4 Sec 24 T3S R41W 6,562 5.3 
DCN-Otto Calvin Raile Dam SW1/4NW1/4 Sec 12 T4S R40W 88,810 71.9 
DDC-Moore L. Moore Dam SE1/4SW1/4 Sec 3 T3S R29W 45,392 36.8 
DNT-Arford Arford Dam SW1/4 SW1/4 Sec 6 T2S R22W 84,567 68.5 

NEBRASKA 
NE00244 Schiermeyer Reservoir SE1/4NE1/4 Sec. 21, T2N, R7W 84,246 68.2 
NE00376 Arehart Dam NE1/4SW1/4 Sec. 36, T6N, R20W 29,603 24.0 
NE00406 Sindt Dam NW1/4NW1/4 Sec. 14 T1N R14W 143,083 115.9 
NE00478 Paine Dam SW1/4SW1/4 Sec. 21 T4N R22W 74,008 60.0 
NE00482 Johnson DET Dam 3 E1/2W1/2 Sec. 12 T3N R25W 33,304 27.0 
NE00496 Stamford Dam 3-A S1/2SE1/4 Sec. 8, T2N, R20W 53,040 43.0 
NE00557 Dry Creek 3-A W1/2NE1/4 Sec. 9 T4N R27W 13,568 11.0 
NE00559 Dry Creek South 2-A SW1/4SE1/4 Sec. 18 T2N R29W 75,242 61.0 
NE00617 Fredrichs Dam-1 NE1/4NW1/4 Sec. 19, T3N, 15W 61,674 50.0 
NE01139 Kilpatrick Dam NE1/4SE1/4 Sec. 20, T6N, R40W 160,352 129.9 
NE01152 Anderson Reservoir NE1/4SE1/4 Sec. 12, T2N, R37W 10,855 8.8 
NE01171 Kugler Dam/Miller Reservoir S1/2NW1/4 Sec. 32 T3N R31W 88,811 71.9 
NE01290 Meents Dam SE1/4Ne1/4 Sec. 28, T3N, R9W 14,308 11.6 
NE01311 Cole Dam S1/2SE1/4 Sec. 30, T8N, R28W 198,591 160.9 
NE01316 Hueftle Reservoir SE1/4SW1/4 Sec. 19, T8N, R24W 42,678 34.6 
NE01337 Ford Reservoir SW1/4Sw1/4 Sec. 25, T7N, R23W 43,172 35.0 
NE01357 Bantam-Coe Reservoir SE1/4SW1/4 Sec. 23, T1N, R19W 9,868 8.0 
NE01468 Felker Dam SW1/4SW1/4 Sec. 32, T7N, R32W 617 0.5 
NE01485 Harms Reservoir NE1/4SW1/4 Sec. 9, T10N, R35W 1,233 1.0 
NE01492 Matheny Reservoir NW1/4SE1/4 Sec. 26, T1N, R27W 0 0.0 
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Appendix B. Information Used to Describe the Typical Small Non-Federal 

Reservoir Characteristics at Each Weather Station. 

 

NOAA Weather Stn. ID: 258320 257070 253595 253910 250640 145856 251415
Station: Superior, NE Red Cloud, NE Harlan Co. Lake, NE Holdrege, NE Beaver City, NE Norton 9 SSE, KS Cambridge, NE

Percent of Area Above 11.2 10.9 7.8 7.2 19.8 28.9 21.8
    Terraces, 65% of Total Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of

Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use
Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced

Continuous Rowcrop 31.3 52.9 14.4 52.8 17.4 14.1 21.6 6.5 14.3 18.6 8.0 28.7 13.9 25.8
Continuous Wheat 8.2 13.4 3.3 4.4 3.8 7.2 1.8 4.5 11.5 15.1 12.6 18.2 6.5 12.5

Wheat-Corn-Fallow 2.4 3.9 1.8 2.4 3.3 6.3 1.0 2.4 9.9 13.1 17.2 24.8 8.9 17.0
Wheat-Fallow 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.3 0.4 1.4 2.0 0.7 1.4
Hay & Forage 0.5 0.1 1.7 2.2 0.5 0.4 0.4 0.7 1.2 0.1 0.3 0.1 0.4 0.1

Range/Pasture 52.8 17.3 67.1 21.2 58.0 25.1 43.0 24.8 49.0 23.7 55.9 21.7 58.2 21.2
Irrigated Rowcrop 4.8 12.5 11.7 17.1 16.8 46.7 32.2 61.2 13.8 29.1 4.6 4.6 11.3 22.0

Total 100.001 27.5% 100.001 24.0% 100.001 25.4% 99.999 31.9% 100 21.3% 100 21.2% 100 20.8%
Typical Reservoir

Drainage Area, Acres 950 950 900 875 875 875 800

Acres in Drainage Area
No Terraces

Continuous Rowcrop 297 0 137 0 156 0 189 0 125 0 70 0 111 0
Continuous Wheat 78 0 31 0 34 0 16 0 100 0 110 0 52 0

Wheat-Corn-Fallow -  1 8 0 6 0 10 0 3 0 29 0 50 0 24 0
Wheat-Corn-Fallow -  2 8 0 6 0 10 0 3 0 29 0 50 0 24 0
Wheat-Corn-Fallow -  3 7 0 5 0 10 0 2 0 29 0 50 0 23 0

Wheat-Fallow - 1 0 0 0 0 0 0 0 0 1 0 6 0 3 0
Wheat-Fallow - 2 0 0 0 0 1 0 0 0 2 0 6 0 3 0

Hay & Forage 5 0 16 0 5 0 3 0 11 0 3 0 3 0
Range/Pasture 501 0 637 0 522 0 376 0 429 0 489 0 466 0

Irrigated Rowcrop 46 0 112 0 151 0 282 0 121 0 41 0 90 0
Total 950 0 950 0 899 0 874 0 876 0 875 0 799 0

Terrace Type, %
Level, closed, Broad 5.7 38.6 63.5 66.5 72 72.1 73.3

Level, closed, Flat 0.1 1 3.6 4.3 6.9 7 9.1
Level, open Broad 1.0 6.7 11 11.5 12.4 12.5 12.7

Level, open Flat 0.0 0 0.1 0.1 0.2 0.2 0.3
Graded, Broad 93.3 53.6 21.8 17.6 8.5 8.3 4.6

Total 100 99.9 100 100 100 100.1 100

Acres in Drainage Area Land Above Land Above Land Above Land Above Land Above Land Above Land Abov
With Terraces Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace

Continuous Rowcrop 195 102 90 47 142 14 181 8 110 15 57 13 92 19
Continuous Wheat 71 7 30 1 32 2 16 0 90 10 97 13 48 4

Wheat-Corn-Fallow -  1 8 0 6 0 10 0 3 0 27 2 42 8 21 3
Wheat-Corn-Fallow -  2 8 0 6 0 10 0 3 0 27 2 42 8 21 3
Wheat-Corn-Fallow -  3 7 0 5 0 10 0 2 0 27 2 42 8 20 3

Wheat-Fallow - 1 0 0 0 0 0 0 0 0 1 0 6 0 3 0
Wheat-Fallow - 2 0 0 0 0 1 0 0 0 2 0 6 0 3 0

Hay & Forage 5 0 16 0 5 0 3 0 11 0 3 0 3 0
Range/Pasture 445 56 549 88 437 85 315 61 363 66 420 69 402 64

Irrigated Rowcrop 42 4 100 12 105 46 170 112 98 23 40 1 77 13
Total 781 169 802 148 752 147 693 181 756 120 755 120 690 109

950 17.8% 950 15.6% 899 16.4% 874 20.7% 876 13.7% 875 13.7% 799 13.6%
Weighted

POTYLDR Runoff 0.95 0.87 0.81 0.80 0.79 0.79 0.78
Adjustment Factor

Typical Reservoir   
Characteristics: 

Volume at PS, acre-feet: 60 60 58 56.9 56.7 56.9 53.2
Depth at PS, feet: 14.8 14.8 14.9 15 15 15 15.2

Surf. Area at PS, acres: 11.9 11.9 11.3 10.9 11 11 10.1
Side slope ___:1: 23.6 23.6 22.9 22.2 22.2 22.2 21

Bottom width, feet: 20 20 20 25 25 25 25
Bottom length, feet: 20 20 20 25 25 25 25

Min. seep rate, in./day: 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Max. seep rate, in./day: 1.2 1.2 1.2 1.2 1.2 1.2 1.2

0.76 0.76 0.77 0.78 0.78 0.78 0.80
Runoff Curve No. Adj. Runoff Curve Number Comparison Example Approximate Terrace
Factor by Terrace type Unterraced Terraced Reduction in Runoff, %

Level, closed, Broad 0.75 72 54 75
Level, closed, Flat 0.73 72 53 85
Level, open Broad 0.90 72 65 50

Level, open Flat 0.88 72 63 60
Graded, Broad 0.96 72 69 15
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NOAA Weather Stn. ID: 142213 145906 252100 255310 252065 253690 258628
Station: Dresden, KS Oberlin 1E, KS Curtis 3 NNE, NE McCook, NE Culbertson, NE Hayes Center, NE Trenton Dam, NE

Percent of Area Above 29.8 28.7 8.2 19.7 17.1 6.3 19.0
    Terraces, 65% of Total Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of

Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use
Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced

Continuous Rowcrop 0.0 15.0 4.9 26.2 6.8 21.1 3.9 18.6 5.3 16.2 0.0 6.9 1.7 9.6
Continuous Wheat 13.5 22.7 13.9 22.8 3.4 7.8 14.3 21.2 8.9 19.1 4.4 6.8 11.0 18.9

Wheat-Corn-Fallow 18.3 30.9 19.0 31.0 6.9 16.0 19.5 28.8 12.1 26.1 9.0 13.9 22.5 38.8
Wheat-Fallow 1.5 2.5 1.5 2.5 1.7 4.0 1.6 2.3 1.0 2.1 2.2 3.4 5.6 9.6
Hay & Forage 0.9 0.3 1.2 0.0 0.4 0.3 0.3 0.1 0.6 0.0 0.8 0.1 0.3 0.0

Range/Pasture 60.3 27.4 55.0 16.5 71.0 19.2 54.8 17.3 57.0 15.1 64.9 16.4 51.2 20.0
Irrigated Rowcrop 5.5 1.2 4.3 1.0 9.8 31.7 5.5 11.7 15.0 21.3 18.6 52.4 7.8 3.1

Total 100.001 25.3% 100 19.5% 100 19.6% 99.999 19.5% 100 17.6% 100 22.1% 100 22.0%
Typical Reservoir

Drainage Area, Acres 800 800 800 775 775 700 725

Acres in Drainage Area
No Terraces

Continuous Rowcrop 0 0 40 0 54 0 30 0 41 0 0 0 12 0
Continuous Wheat 108 0 112 0 27 0 111 0 69 0 31 0 80 0

Wheat-Corn-Fallow -  1 49 0 51 0 18 0 50 0 31 0 21 0 54 0
Wheat-Corn-Fallow -  2 49 0 51 0 18 0 50 0 31 0 21 0 54 0
Wheat-Corn-Fallow -  3 49 0 50 0 19 0 51 0 32 0 21 0 55 0

Wheat-Fallow - 1 6 0 6 0 7 0 6 0 4 0 8 0 20 0
Wheat-Fallow - 2 6 0 6 0 7 0 6 0 4 0 8 0 20 0

Hay & Forage 8 0 10 0 4 0 3 0 5 0 5 0 2 0
Range/Pasture 482 0 440 0 568 0 425 0 442 0 454 0 371 0

Irrigated Rowcrop 44 0 35 0 78 0 43 0 117 0 131 0 56 0
Total 801 0 801 0 800 0 775 0 776 0 700 0 724 0

Terrace Type, %
Level, closed, Broad 73.3 73.2 73.3 72.9 72.1 71.2 71.1

Level, closed, Flat 10.8 11.5 11.2 12.2 13.7 15.2 15.4
Level, open Broad 12.7 12.6 12.7 12.6 12.5 12.3 12.3

Level, open Flat 0.3 0.4 0.3 0.4 0.4 0.5 0.5
Graded, Broad 2.9 2.3 2.5 1.9 1.2 0.8 0.7

Total 100 100 100 100 99.9 100 100

Acres in Drainage Area Land Above Land Above Land Above Land Above Land Above Land Above Land Abov
With Terraces Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace

Continuous Rowcrop 0 0 33 7 47 7 26 4 37 4 0 0 11 1
Continuous Wheat 92 16 95 17 26 1 96 15 60 9 30 1 70 10

Wheat-Corn-Fallow -  1 39 10 41 10 16 2 41 9 26 5 19 2 40 14
Wheat-Corn-Fallow -  2 39 10 41 10 16 2 41 9 26 5 19 2 40 14
Wheat-Corn-Fallow -  3 39 10 40 10 17 2 41 10 27 5 19 2 41 14

Wheat-Fallow - 1 6 0 6 0 7 0 6 0 4 0 8 0 19 1
Wheat-Fallow - 2 6 0 6 0 7 0 6 0 4 0 8 0 19 1

Hay & Forage 8 0 10 0 4 0 3 0 5 0 5 0 2 0
Range/Pasture 396 86 393 47 497 71 377 48 399 43 406 48 323 48

Irrigated Rowcrop 44 0 35 0 62 16 40 3 101 16 86 45 55 1
Total 669 132 700 101 699 101 677 98 689 87 600 100 620 104

801 16.5% 801 12.6% 800 12.6% 775 12.6% 776 11.2% 700 14.3% 724 14.4%
Weighted

POTYLDR Runoff 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Adjustment Factor

Typical Reservoir   
Characteristics: 

Volume at PS, acre-feet: 50.4 50.4 47.9 47.9 44.5 44.5 44.5
Depth at PS, feet: 15.4 15.4 15.5 15.5 15.8 15.8 15.8

Surf. Area at PS, acres: 9.7 9.7 9.3 9.3 8.5 8.5 8.5
Side slope ___:1: 20.6 20.6 20.5 20.5 19.2 19.2 19.2

Bottom width, feet: 10 10 0 0 0 0 0
Bottom length, feet: 15 15 0 0 0 0 0

Min. seep rate, in./day: 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Max. seep rate, in./day: 1.2 1.2 1.2 1.2 1.2 1.2 1.2

0.76 0.76 0.72 0.74 0.69 0.76 0.74
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Determination of Land UsUSE SAME AS Trenton Dam
NOAA Weather Stn. ID: 140439 141699 258920 141029 250760 255090 254110

Station: Atwood 2SW, KS Colby 1SW, KS Wallace 2W, NE Brewster 4W, KS Benkelman, NE Madrid, NE Imperial, NE
Percent of Area Above 23.9 16.9 2.7 13.7 7.5 0.8 1.0

    Terraces, 65% of Total Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of
Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use

Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced
Continuous Rowcrop 1.7 9.6 5.2 20.5 13.9 67.9 0.0 0.1 1.9 9.9 8.9 6.5 0.0 100.0

Continuous Wheat 11.0 18.9 9.3 17.7 2.2 0.6 5.2 6.3 2.3 9.2 12.4 9.6 0.0 0.0
Wheat-Corn-Fallow 22.5 38.8 19.2 36.4 5.9 1.5 14.1 17.0 6.0 24.6 25.5 19.8 0.0 0.0

Wheat-Fallow 5.6 9.6 4.7 9.0 5.9 1.5 14.1 17.1 6.1 24.7 6.3 4.9 0.0 0.0
Hay & Forage 0.3 0.0 0.4 0.1 0.7 0.0 0.8 0.1 0.5 0.0 0.1 0.0 1.2 0.0

Range/Pasture 51.2 20.0 48.0 15.9 62.0 28.5 40.6 18.0 60.5 16.7 23.3 9.8 65.1 0.0
Irrigated Rowcrop 7.8 3.1 13.2 0.4 9.5 0.0 25.2 41.4 22.7 14.8 23.5 49.4 33.7 0.0

Total 100 22.0% 100 17.8% 100.001 27.3% 100.001 22.9% 100 16.9% 100.001 21.0% 100 0.0%
Typical Reservoir

Drainage Area, Acres 725 725 700 675 675 675 650

Acres in Drainage Area
No Terraces

Continuous Rowcrop 12 0 38 0 97 0 0 0 13 0 60 0 0 0
Continuous Wheat 80 0 68 0 15 0 35 0 15 0 84 0 0 0

Wheat-Corn-Fallow -  1 54 0 46 0 14 0 32 0 14 0 57 0 0 0
Wheat-Corn-Fallow -  2 54 0 46 0 14 0 32 0 14 0 57 0 0 0
Wheat-Corn-Fallow -  3 55 0 47 0 13 0 31 0 13 0 58 0 0 0

Wheat-Fallow - 1 20 0 17 0 21 0 48 0 20 0 21 0 0 0
Wheat-Fallow - 2 20 0 17 0 20 0 47 0 21 0 22 0 0 0

Hay & Forage 2 0 3 0 5 0 5 0 3 0 1 0 8 0
Range/Pasture 371 0 348 0 434 0 274 0 409 0 157 0 423 0

Irrigated Rowcrop 56 0 96 0 66 0 170 0 153 0 158 0 219 0
Total 724 0 726 0 699 0 674 0 675 0 675 0 650 0

Terrace Type, %
Level, closed, Broad 71 71 70.2 68.6 68 68 67.3

Level, closed, Flat 15.6 15.6 16.7 18.7 19.4 19.4 20.3
Level, open Broad 12.3 12.3 12.1 11.9 11.8 11.8 11.6

Level, open Flat 0.5 0.5 0.5 0.6 0.6 0.6 0.6
Graded, Broad 0.7 0.7 0.5 0.2 0.2 0.2 0.1

Total 100.1 100.1 100 100 100 100 99.9
USE SAME AS Trenton Dam

Acres in Drainage Area Land Above Land Above Land Above Land Above Land Above Land Above Land Abov
With Terraces Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace

Continuous Rowcrop 11 1 33 5 54 43 0 0 12 1 57 3 0 0
Continuous Wheat 70 10 60 8 15 0 34 1 14 1 79 5 0 0

Wheat-Corn-Fallow -  1 40 14 35 11 14 0 28 4 12 2 50 7 0 0
Wheat-Corn-Fallow -  2 40 14 35 11 14 0 28 4 12 2 50 7 0 0
Wheat-Corn-Fallow -  3 41 14 36 11 13 0 28 3 11 2 51 7 0 0

Wheat-Fallow - 1 19 1 16 1 21 0 43 5 17 3 20 1 0 0
Wheat-Fallow - 2 19 1 16 1 20 0 42 5 18 3 21 1 0 0

Hay & Forage 2 0 3 0 5 0 5 0 3 0 1 0 8 0
Range/Pasture 323 48 312 36 353 81 242 32 364 45 147 10 423 0

Irrigated Rowcrop 55 1 96 0 66 0 124 46 138 15 107 51 219 0
Total 620 104 642 84 575 124 574 100 601 74 583 92 650 0

724 14.4% 726 11.6% 699 17.7% 674 14.8% 675 11.0% 675 13.6% 650 0.0%
Weighted

POTYLDR Runoff 0.77 0.77 0.77 0.77 0.77 0.77 0.76
Adjustment Factor

Typical Reservoir   
Characteristics: 

Volume at PS, acre-feet: 44.5 44.5 44.5 42.2 42.2 42.2 40.6
Depth at PS, feet: 15.8 15.8 15.8 16 16 16 16

Surf. Area at PS, acres: 8.5 8.5 8.5 7.6 7.6 7.6 7.6
Side slope ___:1: 19.2 19.2 19.2 17.4 17.4 17.4 18

Bottom width, feet: 0 0 0 20 20 20 0
Bottom length, feet: 0 0 0 20 20 20 0

Min. seep rate, in./day: 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Max. seep rate, in./day: 1.2 1.2 1.2 1.2 1.2 1.2 1.2

0.74 0.74 0.76 0.75 0.75 0.75 0.75
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Determination of Land Use Distribution in Typical Reservoir Drainage Area Without an Use Wray Use Wray Use Flagler Use Akron
NOAA Weather Stn. ID: 143153 147093 059243 054082 054242 051121 057515

Station: Goodland WSO, KS St. Francis, KS Wray, CO Holyoke, CO Idalia 4NNE, CO Burlington, CO Sedgwick 5S, CO
Percent of Area Above 8.5 9.2 2.9 1.8 3.7 4.7 8.6

    Terraces, 65% of Total Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of Total Percent of
Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use

Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced Percent Terraced
Continuous Rowcrop 0.0 6.0 0.0 31.0 0.0 98.9 0.0 98.9 0.0 98.9 0.9 7.0 2.9 0.0

Continuous Wheat 7.4 10.8 2.4 7.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7 40.7 0.5 5.8
Wheat-Corn-Fallow 19.9 29.1 6.3 18.9 0.0 0.0 0.0 0.0 0.0 0.0 17.8 35.3 0.0 15.6

Wheat-Fallow 19.9 29.2 6.3 18.9 0.0 0.0 0.0 0.0 0.0 0.0 4.4 1.0 15.2 15.6
Hay & Forage 0.0 0.0 0.0 0.0 1.1 0.0 1.1 0.0 1.1 0.0 2.2 0.4 0.6 0.4

Range/Pasture 30.7 14.1 71.9 15.0 86.4 1.1 86.4 1.1 86.4 1.1 62.9 13.9 80.2 62.7
Irrigated Rowcrop 22.1 10.8 13.1 9.2 12.4 0.0 12.4 0.0 12.4 0.0 3.1 1.6 0.6 0.0

Total 100.001 19.1% 100 14.5% 99.999 1.0% 99.999 1.0% 99.999 1.0% 100 18.7% 100 52.7%
Typical Reservoir

Drainage Area, Acres 625 575 500 500 500 500 500

Acres in Drainage Area
No Terraces

Continuous Rowcrop 0 0 0 0 0 0 0 0 0 0 5 0 15 0
Continuous Wheat 46 0 14 0 0 0 0 0 0 0 44 0 3 0

Wheat-Corn-Fallow -  1 41 0 12 0 0 0 0 0 0 0 30 0 0 0
Wheat-Corn-Fallow -  2 41 0 12 0 0 0 0 0 0 0 30 0 0 0
Wheat-Corn-Fallow -  3 42 0 12 0 0 0 0 0 0 0 29 0 0 0

Wheat-Fallow - 1 62 0 18 0 0 0 0 0 0 0 11 0 38 0
Wheat-Fallow - 2 62 0 18 0 0 0 0 0 0 0 11 0 38 0

Hay & Forage 0 0 0 0 6 0 6 0 6 0 11 0 3 0
Range/Pasture 192 0 413 0 432 0 432 0 432 0 315 0 401 0

Irrigated Rowcrop 138 0 75 0 62 0 62 0 62 0 16 0 3 0
Total 624 0 574 0 500 0 500 0 500 0 502 0 501 0

Terrace Type, %
Level, closed, Broad 66.8 66 62.4 61.8 62.1 62.1 59.9

Level, closed, Flat 20.9 21.8 25.9 26.6 26.3 26.3 28.9
Level, open Broad 11.5 11.4 10.8 10.7 10.7 10.7 10.3

Level, open Flat 0.6 0.7 0.8 0.8 0.8 0.8 0.9
Graded, Broad 0.1 0.1 0 0 0 0 0

Total 99.9 100 99.9 99.9 99.9 99.9 100

Acres in Drainage Area Land Above Land Above Land Above Land Above Land Above Land Above Land Abov
With Terraces Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd Terrace

Continuous Rowcrop 0 0 0 0 0 0 0 0 0 0 5 0 15 0
Continuous Wheat 43 3 13 1 0 0 0 0 0 0 32 12 3 0

Wheat-Corn-Fallow -  1 33 8 11 1 0 0 0 0 0 0 23 7 0 0
Wheat-Corn-Fallow -  2 33 8 11 1 0 0 0 0 0 0 23 7 0 0
Wheat-Corn-Fallow -  3 34 8 11 1 0 0 0 0 0 0 22 7 0 0

Wheat-Fallow - 1 50 12 16 2 0 0 0 0 0 0 11 0 34 4
Wheat-Fallow - 2 50 12 16 2 0 0 0 0 0 0 11 0 34 4

Hay & Forage 0 0 0 0 6 0 6 0 6 0 11 0 3 0
Range/Pasture 174 18 373 40 429 3 429 3 429 3 287 28 238 163

Irrigated Rowcrop 128 10 71 4 62 0 62 0 62 0 16 0 3 0
Total 545 79 522 52 497 3 497 3 497 3 441 61 330 171

624 12.7% 574 9.1% 500 0.6% 500 0.6% 500 0.6% 502 12.2% 501 34.1%
Weighted

POTYLDR Runoff 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Adjustment Factor

Typical Reservoir   
Characteristics: 

Volume at PS, acre-feet: 36.2 36.2 31.7 31.7 31.7 31.7 31.7
Depth at PS, feet: 16 16 16.2 16.2 16.2 16.2 16.2

Surf. Area at PS, acres: 6.8 6.8 5.9 5.9 5.9 5.9 5.9
Side slope ___:1: 17 17 15.6 15.6 15.6 15.6 15.6

Bottom width, feet: 0 0 0 0 0 0 0
Bottom length, feet: 0 0 0 0 0 0 0

Min. seep rate, in./day: 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Max. seep rate, in./day: 1.2 1.2 1.2 1.2 1.2 1.2 1.2

0.70 0.76 0.76 0.76 0.76 0.76 0.76
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Determination of Land UsUse Wray Use Wray
NOAA Weather Stn. ID: 054380 059295 052932 050109

Station: Joes 2SE, CO Yuma, CO Flagler 2NW, CO Akron 4E, CO
Percent of Area Above 1.7 2.9 5.0 5.4

    Terraces, 65% of Total Total Percent of Total Percent of Total Percent of Total Percent of
Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use Land Use

Percent Terraced Percent Terraced Percent Terraced Percent Terraced
Continuous Rowcrop 0.0 98.9 0.0 98.9 0.9 7.0 2.9 0.0

Continuous Wheat 0.0 0.0 0.0 0.0 8.7 40.7 0.5 5.8
Wheat-Corn-Fallow 0.0 0.0 0.0 0.0 17.8 35.3 0.0 15.6

Wheat-Fallow 0.0 0.0 0.0 0.0 4.4 1.0 15.2 15.6
Hay & Forage 1.1 0.0 1.1 0.0 2.2 0.4 0.6 0.4

Range/Pasture 86.4 1.1 86.4 1.1 62.9 13.9 80.2 62.7
Irrigated Rowcrop 12.4 0.0 12.4 0.0 3.1 1.6 0.6 0.0

Total 99.999 1.0% 99.999 1.0% 100 18.7% 100 52.7%
Typical Reservoir Min Max Avg

Drainage Area, Acres 500 500 500 500 500 950 691

Acres in Drainage Area
No Terraces

Continuous Rowcrop 0 0 0 0 5 0 15 0
Continuous Wheat 0 0 0 0 44 0 3 0

Wheat-Corn-Fallow -  1 0 0 0 0 30 0 0 0
Wheat-Corn-Fallow -  2 0 0 0 0 30 0 0 0
Wheat-Corn-Fallow -  3 0 0 0 0 29 0 0 0

Wheat-Fallow - 1 0 0 0 0 11 0 38 0
Wheat-Fallow - 2 0 0 0 0 11 0 38 0

Hay & Forage 6 0 6 0 11 0 3 0
Range/Pasture 432 0 432 0 315 0 401 0

Irrigated Rowcrop 62 0 62 0 16 0 3 0
Total 500 0 500 0 502 0 501 0

Terrace Type, %
Level, closed, Broad 58.6 57.9 54.4 53.7

Level, closed, Flat 30.3 31.1 35.1 35.9
Level, open Broad 10.1 10 9.4 9.3

Level, open Flat 0.9 1 1.1 1.1
Graded, Broad 0 0 0 0

Total 99.9 100 100 100

Acres in Drainage Area Land Above Land Above Land Above
With Terraces Unterrd Unterrd Terrace Unterrd Terrace Unterrd Terrace Unterrd

Continuous Rowcrop 0 0 0 0 5 0 15 0
Continuous Wheat 0 0 0 0 32 12 3 0

Wheat-Corn-Fallow -  1 0 0 0 0 23 7 0 0
Wheat-Corn-Fallow -  2 0 0 0 0 23 7 0 0
Wheat-Corn-Fallow -  3 0 0 0 0 22 7 0 0

Wheat-Fallow - 1 0 0 0 0 11 0 34 4
Wheat-Fallow - 2 0 0 0 0 11 0 34 4

Hay & Forage 6 0 6 0 11 0 3 0
Range/Pasture 429 3 429 3 287 28 238 163

Irrigated Rowcrop 62 0 62 0 16 0 3 0
Total 497 3 497 3 441 61 330 171

500 0.6% 500 0.6% 502 12.2% 501 34.1%
Weighted

POTYLDR Runoff 0.76 0.76 0.76 0.76
Adjustment Factor

Typical Reservoir   
Characteristics: Min Max Avg

Volume at PS, acre-feet: 31.7 31.7 31.7 31.7 32 60 43
Depth at PS, feet: 16.2 16.2 16.2 16.2 15 16 16

Surf. Area at PS, acres: 5.9 5.9 5.9 5.9 6 12 8
Side slope ___:1: 15.6 15.6 15.6 15.6 16 24 19

Bottom width, feet: 0 0 0 0 0 25 8
Bottom length, feet: 0 0 0 0 0 25 8

Min. seep rate, in./day: 0.1 0.1 0.1 0.1 0.10 0.10 0.10
Max. seep rate, in./day: 1.2 1.2 1.2 1.2 1.20 1.20 1.20

0.76 0.76 0.76 0.76 0.69 0.80 0.75
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Appendix C. Summary of Characteristics of the Surveyed Terrace. 

Summary of Broad-Base Terraces. 

County 

Total 
Field 
Area 
(ac) 

Number 
Of 

Terraces 

Average 
Terrace 

Area 
(ac) 

Average 
Internal 
Terrace 

Area 
(ac) 

Average 
Terrace 
Length 

(ft) 

Field 
Slop
e (%)

Average 
Terrace 
Spacing 

(ft) 

Average 
Vertical 
Interval 

(ft) 
Terrace 
Type 

Terrace 
Condition

Terrace 
Id 

Maximum 
Storage 
Volume 

(ft3) 

Runoff 
Needed 
To Fill 
Terrace 

(In) 

Maximum 
Unbreached 

Terrace 
Volume 

(ft3) 

Runoff 
Needed 
To Fill 

Terrace If 
Unbreached 

(In) 

Cheyenne 15.7 4 3.4 3.52 1100.4 7.25 138.7 9.8 
broad-base

closed 
excellent

2 14887.0 1.11 14887.0 1.11 

4 807.9 0.07 4707.3 0.41 

Cheyenne 7.0 78.9 8.0 5.55 1614.4 1.86 272.6 4.1 
broad-base

partial 
closure 

good 
2 16500.9 0.46 16500.9 0.46 

4 11353.7 0.27 11353.7 0.27 

Decatur 3.0 45.1 8.6 1.39 1711.2 1.35 280.2 3.0 
partical 
closure 

poor 1 17767.4 0.48 34979.2 0.94 

Frontier 48.6 10 3.96 4.21 1570.2 3.15 104.4 3.5 
broad-base

closed 
good 

3 2050.5 0.28 5167.2 0.71 

6 1782.5 0.26 4432.9 0.65 

9 14151.8 0.95 30727.7 2.06 

Frontier 27.1 11 2.20 2.24 1046.4 4.70 93.7 4.3 
old broad-
base partial 

closure 

non-
functional

3 3673.8 0.60 8683.4 1.42 

6 10088.6 1.10 12442.9 1.36 

9 1075.7 0.15 4632.2 0.65 

Frontier 22.3 8 2.16 2.29 992.5 4.51 100.7 4.3 broad-base
non-

functional
2 0.0 0.00 3293.3 0.31 

Frontier 30.5 3 6.44 6.44 1844.3 3.55 205.1 5.4 
broad-base

partial 
closure 

poor 1 NA NA 7711.3 0.70 

Frontier 52.6 11 3.85 4.14 1307.7 2.96 135.0 3.8 
broad-base

closed 
excellent

3 31342.3 3.32 31342.3 3.32 

6 23806.8 1.44 23806.8 1.44 

9 15985.6 0.91 53258.7 3.04 

Furnas 77.6 12 5.80 6.57 1332.7 4.58 147.5 8.7 broad-base excellent 3 18682.6 1.03 18682.6 1.03 
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(except 
terrace 12 -

steep 
backslope) 

partial 
closure 

6 19547.3 0.73 30749.7 1.14 

9 5561.5 0.44 17413.5 1.37 

Furnas 
126.

4 
13 6.40 6.39 1980.4 3.06 132.8 4.3 

broad-base
partial 
closure 

poor 

3 14136.1 0.67 18082.1 0.86 

6 NA NA 13725.5 0.38 

9 19889.6 0.54 30322.0 0.82 

Furnas 13.9 3 2.35 2.60 1047.5 3.70 102.4 3.6 
broad-base

closed 
excellent 2 13692.1 1.26 15917.8 1.47 

Furnas 21.4 2 5.14 4.86 2068.1 2.79 102.3 3.0 
broad-base

partial 
closure 

poor 2 19738.3 1.00 40091.2 2.04 

Furnas 56.6 2 2.39 1.08 691.7 2.04 68.2 3.1 - - 1 930.3 0.07 6731.3 0.50 

Furnas 57.7 9 5.30 5.69 1650.3 2.84 148.3 4.0 
broad-base

partial 
closure 

poor to 
non-

functional

2 191.9 0.01 3391.4 0.23 

7 2503.3 0.09 13440.0 0.47 

Furnas 29.9 10 2.40 2.53 761.3 2.83 145.3 3.9 
broad-base

partial 
closure 

good 

2 1520.2 0.18 1520.2 0.18 

4 740.9 0.06 2340.8 0.18 

6 635.6 0.11 1830.7 0.31 

Furnas 1.79 3 0.49 0.61 439.7 
11.2

0 
59.9 5.4 

broad-base
closed 

excellent 2 2743.3 1.49 3170.1 1.72 

Furnas 5.75 5 0.58 0.69 421.0 
11.5

0 
68.8 6.9 

broad-base
closed 

good 
2 399.7 0.21 1334.4 0.70 

4 2389.8 0.81 NA NA 

Furnas 15.2 3 3.29 4.12 1078.0 2.58 166.7 3.4 
broad-base

closed 
excellent 2 21935.2 1.48 25353.7 1.71 

Furnas 3.87 1 1.50 0.00 628.6 NA NA NA 
broad-base

partial 
closure 

good 1 0.0 0.00 4222.3 0.78 

Furnas 
116.

5 
11 9.10 9.64 2125.6 3.58 194.7 6.7 

flat 
channel 
partial 
closure 

poor (new 
terraces in 

good 
condition)

3 66953.4 1.95 95770.7 2.79 

6 73978.3 1.59 73978.3 1.59 

9 40515.5 1.32 51240.3 1.67 
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Furnas 8.73 3 1.64 2.06 779.3 4.23 118.0 3.9 
broad-base

closed 

nearly 
new or 

excellent
2 20571.4 3.22 20571.4 3.22 

Furnas 19.0 9 1.20 1.52 910.8 9.44 67.0 5.6 
broad-base

closed 
good 

2 979.2 0.29 3116.5 0.92 

5 2091.3 0.25 9078.6 1.09 

Furnas 5.13 9 0.51 0.51 250.8 5.43 84.9 4.8 
broad-base

partial 
closure 

non-
functional

4 165.7 0.06 872.2 0.30 

Furnas 5.10 6 0.61 0.56 586.4 8.35 58.4 3.8 
broad-base

partial 
closure 

good 2 4769.9 1.35 11010.9 3.12 

Furnas 4.26 3 1.01 1.27 470.6 4.70 115.8 4.4 
broad-base

partial 
closure 

good 2 191.8 0.06 1343.1 0.39 

Furnas 39.0 8 3.46 3.55 1235.5 3.29 128.8 4.0 
broad-base

partial 
closure 

poor 
2 1793.9 0.09 10298.6 0.51 

5 78.1 0.01 3957.7 0.33 

Furnas 8.49 2 3.67 0.00 1361.7 4.65 162.5 5.5 closed 
nearly 
new or 

excellent
1 14706.3 1.79 14706.3 1.79 

Furnas 43.0 13 2.40 2.38 957.7 3.88 113.9 4.2 
broad-base

partial 
closure 

good 

3 2068.6 0.15 4403.0 0.32 

6 298.6 0.04 1987.3 0.26 

9 NA NA NA NA 

Harlan 75.8 4 12.28 13.43 1932.8 1.04 427.2 2.9 

flat 
channel 
partial 
closure 

nearly 
new or 

excellent

1 150423.5 4.69 170332.7 5.31 

3 248319.4 5.70 270464.8 6.21 

Harlan 25.9 5 4.60 4.81 868.0 1.55 226.8 3.6 
broad-base

partial 
closure 

poor 
2 18186.4 1.69 NA NA 

4 21311.5 0.82 44065.5 1.69 

Harlan 9.30 4 1.40 1.71 884.9 
10.6

0 
85.8 7.2 - - 

2 1818.1 0.29 5376.3 0.85 

4 2845.3 0.39 3700.3 0.51 

Harlan 13.0 1 9.87 0.00 922.7 NA NA NA 
broad-base

partial 
closure 

good 1 0.0 0.00 NA NA 
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Harlan 4.70 3 1.08 1.51 672.6 9.49 93.2 6.6 

terrace 
1&2 - 

broad-base
terrace 3 - 
gradient 

grass 
waterway

good 3 0.0 0.00 NA NA 

Harlan 56.0 4 3.24 3.60 989.8 2.57 156.6 3.7 - - 
2 17201.4 1.75 32133.8 3.28 

4 0.0 0.00 NA NA 

Harlan 35.3 2 14.50 14.54 1819.7 2.21 359.4 4.0 
broad-base

partial 
closure 

good 1 0.0 0.00 NA NA 

Hayes 85.6 8 NA 7.83 2326.0 NA NA 4.1 
broad-base

partial 
closure 

good 
3 NA NA NA NA 

6 7187.4 0.50 7187.4 0.50 

Hayes 21.3 5 3.14 3.63 1265.5 5.39 117.4 5.8 
broad-base

partial 
closure 

excellent 
to good 

2 4732.5 0.50 13482.3 1.42 

4 1414.8 0.09 29532.0 1.77 

Red Willow 102.3 9 9.80 9.17 2294.0 1.91 199.9 3.6 
broad-base

partial 
closure 

good  
3 42393.0 1.75 1999.9 2.73 

5 20059.5 0.55 1995.2 0.57 

Red Willow 26.6 3 6.22 5.41 1265.7 2.95 237.1 6.3 
flat 

channel 
closed 

excellent 2 34675.8 1.44 59349.4 2.46 

Red Willow 60.8 10 2.93 3.11 1179.5 3.41 130.3 3.7 
broad-base

partial 
closure 

poor  3 482.3 0.05 2744.6 0.26 

Red Willow 112.1 23 4.13 4.24 1436.6 2.81 128.3 3.5 
broad-base

partial 
closure 

good  

3 38496.4 2.16 38496.4 2.16 

6 12104.7 1.28 12104.7 1.28 

9 2791.2 0.21 16053.1 1.23 

Red Willow 33.8 8 3.51 3.83 1357.6 3.15 132.1 3.5 
broad-base

partial 
closure 

good  
2 6430.1 0.53 8328.1 0.69 

4 3381.6 0.22 8428.9 0.54 
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Summary of flat-channel terraces. 

County 

Total 
Field 
Area 
(ac) 

Number 
Of 

Terraces 

Average 
Terrace 

Area 
(ac) 

Average 
Internal 
Terrace 

Area 
(ac) 

Average 
Terrace 
Length 

(ft) 

Field 
Slope 
(%) 

Average 
Terrace 
Spacing 

(ft) 

Average 
Vertical 
Interval 

(ft) 
Terrace 

Type 
Terrace 

Condition 
Terrace 

Id 

Maximum 
Storage 
Volume 

(ft3) 

Runoff 
Needed 
To Fill 
Terrace 

(In) 

Maximum 
Unbreached 

Terrace 
Volume 

(ft3) 

Runoff 
Needed 
To Fill 

Terrace If 
Unbreached 

(In) 

Phillips 63.4 5 7.8 7.7 1260 1.61% 351 4.2 
flat 

channel
good 

2 49420 1.21 49420 1.21 

4 13619 0.61 13619 0.61 

Cheyenne 85.9 4 9.8 13.4 1761 1.42% 249 4.4 
flat 

channel
excellent 

1 50137 1.37 50137 1.37 

4 44452 0.95 44452 0.95 

Decatur 72.3 5 11.1 11.2 1958 1.94% 274 5.2 
flat 

channel
excellent 

2 170766 2.13 170766 2.13 

4 398 0.03 398 0.03 

Decatur 51.7 7 4.8 4.8 1198 2.99% 259 5.5 
flat 

channel
good 

3 26975 1.42 26975 1.42 

6 79782 2.02 79782 2.02 

Decatur 79.4 5 11.9 13.0 1877 1.51% 312 4.2 
flat 

channel
good 

2 58226 0.88 58226 0.88 

4 20687 0.63 20687 0.63 

Decatur 87.4 9 8.1 8.1 2556 2.37% 136 3.5 

flat 
channel

excellent 

2 25321 0.81 25321 0.81 

broad-
base 

6 23369 0.73 23369 0.73 

broad-
base 

9 10564 1.10 10564 1.10 

Decatur 32.6 5 4.0 4.0 909 2.22% 248 5.2 
flat 

channel
good 

2 9549 0.58 9549 0.58 

4 17980 0.91 17980 0.91 

Rawlins 48.4 5 6.8 7.2 1412 4.35% 246 9.1 
flat 

channel
excellent 

2 28860 1.08 28860 1.08 

4 87279 2.80 99476 3.19 

Rawlins 153.0 3 42.6 0.0 2988 0.71% 609 4.4 
flat 

channel
good 2 130058 0.77 130058 0.77 

Rawlins 158.3 9 14.1 15.2 2385 1.11% 265 2.5 
flat 

channel
non-

functional 
6 32519 0.52 32519 0.52 

Frontier 27.0 6 3.3 2.8 896 3.03% 191 5.0 flat good 3 10586 0.62 28684 1.68 
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channel
5 32675 2.89 32675 

2.89 
 

Frontier 84.1 9 8.1 7.8 1571 1.94% 243 4.4 
flat 

channel
excellent 

2 84925 2.24 84925 2.24 

4 63769 2.36 63769 2.36 

8 58299 1.88 58299 1.88 

Hayes 69.6 8 6.0 6.5 1388 2.61% 207 5.3 
flat 

channel
good to 

excellent 
3 39305 2.14 39305 2.14 

6 31457 0.87 54501 1.51 

Hitchcock 100.9 7 10.5 11.1 2106 2.28% 226 5.1 
flat 

channel
excellent 

3 73187 2.01 143523 3.95 

6 173371 3.38 173371 3.38 

Hitchcock 24.3 3 3.2 4.1 815 1.37% 209 2.9 
flat 

channel
poor 2 526 0.04 3933 0.32 

Hitchcock 96.4 7 12.4 12.0 2121 3.43% 314 7.4 
flat 

channel
excellent 

3 136729 2.97 136729 2.97 

6 119063 2.60 119063 2.60 

Hitchcock 54.3 7 6.0 6.5 1060 1.11% 261 2.9 
flat 

channel
good 

3 14738 0.56 14738 0.56 

6 13827 0.65 13827 0.65 

Hitchcock 48.1 4 7.3 5.5 1075 2.79% 324 6.7 
flat 

channel
poor to 
good 

2 57899 1.06 57899 1.06 

4 15477 1.13 15477 1.13 

Red 
Willow 

100.7 7 7.9 8.2 1515 2.68% 243 6.1 
flat 

channel
excellent 

3 164348 4.73 164348 4.73 

6 75413 2.41 75413 2.41 

8 62415 2.78 62415 2.78 
Red 

Willow 
26.6 3 5.8 4.8 1266 3.73% 210 6.3 

flat 
channel

excellent 2 33834 1.58 57571 2.68 

 


