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Groundwater Model

Introduction
    County-specific depths of irrigation applied for four different irrigation categories,  1) sole-source groundwater (GWSS), 2) sole-source surface water (SWSS), 3) commingled groundwater (GWCO), and 4) commingled surface water (SWCO) are derived using calculated irrigation volumes and estimated acreages for surface-water (SW) and groundwater (GW) irrigated lands. These depths are uniformly applied across the irrigated acreage in each county to distribute the total irrigation volumes for each irrigation category. Although the total volume and of SW and GW irrigation remains unchanged in this process, the irrigation volumes and acreage are distributed to account for commingled lands, which receive irrigation from both sources of water.
Irrigation Well Volume Calculations
    Volumes of water pumped from irrigation wells are calculated using electric power records to estimate the hours pumped per well. These calculations are based on the assumption that the hours pumped for all wells across a power region will be the same on average, no matter what the power source. 

    The average yearly pumping duration for each power district is calculated as the total kilowatt-hours consumed divided by the sum of all the KW demand factors. This pumping duration is applied to all GW-irrigated lands falling into the region served by each power company. As shown in the example in Figure 1, the power company boundaries do not necessarily follow county lines, so often, a county has more than one pumping duration category assigned to it. 
    Next, the actual pumping rate of each well is estimated through an adjustment of the well registration pumping rate value. This is accomplished through the application of a relationship (Figure 2) derived from a comparison of registered pumping rates to actual metered pumping rates in the Lower and Middle Republican Natural Resource Districts (NRDs). The equation derived from the regression is applied to all registered pumping rates to acquire a more realistic, adjusted pumping rate.
    The adjusted pumping rate of each well is then multiplied by the average yearly pumping duration, as determined by the power district in which the well is located: 

Well volume pumped = Adjusted pump rate x Average power district pumping duration

    In addition, each well volume pumped is multiplied by two additional factors.  First of all, pumping volumes are multiplied by a county-specific yearly lift factor. This factor is a reflection of changes in pump efficiencies and system types over time using the year 2000 as the reference point, and is a result of studies at the University of Nebraska involving Derrel Martin of the Biological Systems Engineering Department. These factors have tended toward unity in the late 1990s, and by the year 2000 the factor was one for all counties. This factor was no longer relevant after the year 2000. 
   The second adjustment factor is a result of a comparison of the number of wells listed in the NE Department of Natural Resources (DNR) database to the actual number of wells pumping, as determined by meter reports. This research was performed by Lee Wilson and Mary Ann Wasiolek by comparing the number of active wells listed in the DNR database to the number of wells actually pumping, as shown in meter reports from the Middle Republican NRD and portions of the Lower Republican NRD. The comparison was performed independently for both the upland and alluvial well categories. It was determined that 85% of the upland wells, and 75% of the alluvial wells listed in the NE DNR database were actually pumping in a given year. The higher factor of .75 applied to alluvial wells accounts for the fact that alluvial wells are often commingled and are not being used every year.
     The purpose of calculating individual well pumping volumes at this point is to calculate a total pumping volume for each county. Since it is not known which wells in the DNR database are not pumping, the 15% and 25% adjustments are applied to all wells listed in the database.  The end result is county-specific total pumping volumes that have been reduced appropriately to account for the listed wells that are not pumping. The county-by-county totals of these irrigation volumes are then translated to uniform irrigation application depths (using algebraic relationships described later in this report) for each of the four irrigation categories in each county. The county depths are translated back to individual well volumes by multiplying the county-specific irrigation depths by the acreage irrigated by each well. 
   In summary, the volumes pumped by irrigation wells are calculated as follows:
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    Once all the volumes are calculated on a well-by-well basis for all wells in the NE model region, a summation query is performed to extract the total-pumping volumes on a county-by-county basis. 
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Figure 1.
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Figure 2.
Surface Water Volume Calculations

     Surface-water-irrigation volumes are calculated based on volumes withdrawn by direct river pumpers and the deliveries from the 26 canals occurring in the NE portion of the model region. Actual SW volumes delivered from each canal are used, however, are re-distributed amongst the SWEX and SWCO categories. The surface-water polygon shapefile containing the river-pumper and canal-delivered irrigation acreages is sliced up by a polygon shapefile coinciding with the model grid. In this manner, any SW polygons occupying more than one model grid cell are split up into more than one polygon and assigned model grid row and column identifiers (Row_Col ID). The new polygons retain the attributes identifying the canal from which they receive water or the river pumper ID numbers. In the example Figure 3, the SW area was one polygon before this process, and afterwards became four distinct polygons. 

     The SW polygons are sliced one more time, but along county boundaries. All polygons retain their Row_Col and canal or river pumper identifiers, and in addition gain county attributes. This procedure is performed so the records can be queried by county and the county total acres and pumping volumes calculated. A more detailed explanation of these calculations can be found in the document, ‘Processing of Surface Water Data for the RRCA Groundwater Model’ (Paul Koester, 2004). 
Partitioning of Commingled and Exclusive Groundwater and Surface Water Acreages Using GIS
    In order to calculate the volumes of irrigation water applied to SW, GW and CO lands, it is necessary to partition irrigated acreages into the appropriate categories. Surface water and GW commingled acreages receive a different application depth than the SW and GW exclusive (the term, ‘exclusive’ is synonymous with ‘sole source’) categories; therefore, SW and GW irrigation volumes are redistributed over each county to account for these differences. After GW and SW acreages are partitioned to the CO and SS categories, calculations are performed to generate a uniform application depth of SWSS, SWCO, GWSS and GWCO water for each county. 

     A GIS distance function is performed on the SW polygon shapefile sliced up according to the model grid and the point shapefile of irrigation wells in the NE portion of the model region to determine the locations of SWSS and SWCO lands. As shown in the example in Figure 3, a distance function is performed in order to locate SW polygons within 800’ of irrigation wells; any SW lands meeting this criterion are considered to be SWCO lands. 
     The distance of 800’ was chosen using the Central Nebraska Public Power and Irrigation District (CNPPID) as a representation of commingled/exclusive distribution in NE. Thirty-five percent of the total irrigated land in the project is estimated to be commingled. A buffer of 800 feet placed between any irrigation wells and SW lands results in 35% of the irrigated lands being selected. Therefore, the distance of 800’ has been applied to all lands in the NE portion of the model region to determine which lands receive water from both SW and GW sources. 
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     Figure 3.
    The same type of distance function is applied to the irrigation well shapefile (Figure 4). If there is a SW polygon within 800’ of a well, that well is placed in the commingled category. The acreages of the SW polygons within 800 feet of an irrigation well are the acre values assigned to GWCO wells. The number of GWCO and SWCO acres are the same for each county because they are the same acreages. Surface-water polygons with an irrigation well within 800’ of them are considered to be SWCO polygons. Conversely, those SW polygons found within 800’ of an irrigation well are considered to be GWCO acres.
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Figure 4.

Irrigated Acreage Calculations Using National Agricultural Statistics Service Data

    Since the registered irrigation-well acreages are not believed to be an accurate representation of the actual irrigated acreages, GWSS acreages are estimated using National Agricultural Statistics Service data (NASS) and the assumption that the SW acreages obtained from the Nebraska Department of Natural Resources (NE DNR) are accurate. To make this estimation, the GWCO wells are removed from the irrigation well database so that only GWSS wells remain. All registered acreages from individual GWSS wells in each county are summed to obtain the county total registered GWSS-irrigated acreages. Next, each well acreage is calculated as a fraction of the county total registered GWSS-irrigated acreage, so the sum of all the individual well fractions equals 1. 
   The next step is to compute the NASS County GWSS irrigated acreage. Since the county SW acreage includes GWCO acreage (which are the same acres as SWCO) the total county GWSS acreages can be calculated using NASS data as follows:
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Finally, each GWSS well fraction is multiplied by the total NASS-calculated GWSS irrigated county acreage. The result is a more realistic GWSS acreage assigned to each well. The county total GWSS acreages are the totals of these individual NASS-estimated acreages for each county.
    The NASS data used in the calculations above are often not the exact NASS data that are downloaded from the web, especially for earlier years and counties only partially within the model domain. It was necessary to adjust the NASS data for inaccuracies.  The NASS irrigated acreages used are the result of a conditional evaluation as follows (As summarized from Marc Groff’s 4/14 correspondence to Derrel Martin): 

1)     Each county has a ratio assigned to it, which is the ratio of the total number of    

        active wells located in the portion of the county within the GW-model domain in  

        the late 1990’s to the total number of active wells in the county in the late 1990s. 
        This ratio (‘PercentInModelArea’) equals ‘1’ for counties lying entirely within 
        the model region and less than one for counties only partially in the model 
        region. This ratio is multiplied by the NASS acreage and is one of two potential 
        expressions for the total  irrigated acreage in a specific county. This term is 

        named “CropSIMIrrAc_inModelArea”.
	COUNTY
	PercentInModelArea
	COUNTY
	PercentInModelArea
	COUNTY
	PercentInModelArea

	Adams
	0.19
	Furnas
	1
	Perkins
	1

	Buffalo
	0.02
	Gosper
	1
	Phelps
	1

	Chase
	1
	Harlan
	1
	Red Willow
	1

	Clay
	0.02
	Hayes
	1
	Thayer
	0.01

	Dawson
	0.24
	Hitchcock
	1
	Webster
	0.9

	Deuel
	0.17
	Kearney
	1
	
	

	Dundy
	1
	Keith
	0.67
	
	

	Franklin
	0.95
	Lincoln
	0.67
	
	

	Frontier
	1
	Nuckolls
	0.48
	
	


      2)      The total number of SW acres in each county lying within the model boundary   

         is  calculated from the SW polygon coverage. This term is named   

        ‘TotalSWAC’.

      3)     ‘TotalSWAC’ is then added to the product of the number of active wells for a   

               county in a given year and an average acreage per well value for each county. 
               These average acreages are county-specific and are averages determined over 

               the years 1965 to 1975. This term is named “CalcIrrAc”.

      4)      The conditional evaluation of the three aforementioned terms,  
               ‘CropSIMIrrAc_inModelArea’, ‘TotalSWAC’, and ‘CalcIrrAc’, is as follows 
               (from  Derrel Martin’s correspondence):  For all years prior to 1957, the greater 
               of  ‘CropSIMIrrAc_inModelArea’ or ‘CalcIrrAc’ is used. For the period 1957 
               and ‘beyond, ‘CropSIMIrrAc_inModelArea’ is used, provided that 
               ‘CropSIMIrrAc_inModelArea’ is greater than ‘TotalSWAC’, otherwise 
               ‘CalcIrrAc’ is used. This approach is used for all counties with the exception of 
               Deuel. Due to Deuel county’s low number of total irrigated acres, the small 
               percentage of the county located within the GW model area, and the geographic 
               location of this small percentage, a simplification was made to  use ‘CalcIrrAc’     

               for all years.
     Although this conditional evaluation is performed every year (Using an Access Module), the results in more recent years are always the expression “CropSIMIrrAc_inModelArea” (See (1) above).

County-Specific GWSS and GWCO Irrigation Depths
    Each yearly county-total volume of GW applied, along with the GWSS and GWCO acreages, are used to determine the depth of water application to the two categories, GWSS and GWCO, for each county and year: 
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Here, DGWCO = fGW x DGWSS, where fGW  is a year-and-county-dependant factor that is the ratio of the depth of GWCO water applied to the depth of water applied to GWSS lands. The f​GW factor is usually .5 but for some months and locations is as high as .7. A chart showing all the year-and-county-dependant fGW values can be found in the spreadsheets ‘‘AcInDistribution_withCharts.xls’ and ‘AcInDistribution1940_2003.xls’ under the tab ‘AcPercent’.
DGWCO = Depth of GWCO application (inches).
DGWSS = Depth of GWSS application (inches).
VGW = Total volume of GW applied (Includes GWSS and GWCO) (acre-ft).
VGWSS = Total volume of GWSS applied (acre-ft).
VGWCO = Total volume of GWCO applied (acre-ft).
AGWSS = Acres of GWSS.
AGWCO = Acres of GWCO. 

The depth of GWSS application is first determined using the known values of VGW, AGWSS, AGWCO, and fGW:
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Once DGWSS is known, VGWCO can be computed using known values:
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The depth of GWCO application is then calculated through insertion of the known value for AGWCO, and the newly calculated VGWCO.
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County-Specific SWSS and SWCO Irrigation Depths
    The SW data are processed in the same manner as the GW data:
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Here, Dswco = fsw x Dswss, where fs is a factor that is the ratio of depth of SWCO water applied to the depth of water applied to SWSS lands; this factor almost always equals .9. These year-and-county-dependant variables are listed in the files ‘AcInDistribution_SW_withCharts.xls’, and ‘AcInDistribution_SW1940_2003.xls’, tab ‘AcPercentage’.

Dswco = Depth of SWCO application (inches).

Dswss = Depth of SWSS application (inches).
Vsw = Total volume of SW applied (SWSS and SWCO) (acre-ft).

Vswss = Total volume of SWSS applied (acre-ft)
Vswco = Total volume of SWCO applied (acre-ft)

Aswss = Acres of SWSS

Aswco = Acres of SWCO 

The depth of SWSS application is first determined using the known values of Vsw, Aswss, Aswco, and fsw:
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Once DSWSS is known, VSWCO can be computed using known values:
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The depth of SWCO application is then calculated through insertion of the known value for ASWCO, and the newly calculated VSWCO.
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Distribution of GWSS Acreages across the Model Grid
     Two Visual Basic routines (Access modules) are used to distribute the NASS-calculated GWSS acreages on a grid-square basis. Before locating GWEX acreages it is necessary to utilize the first routine to locate acreages for different land-use classifications, including surface water, phreatophytes, urban usage, and water bodies. Phreatophyte acres are obtained from the distribution program ‘ETArea03.for’, and the urban and water-body classifications are from the 1993 National Land Cover Dataset (NLCD). 
     Locating acreages is necessary to assure there is no violation of the number of acres available in a particular grid square. For most grid squares, the number of acres permissible is 640 acres, but in the case of model-grid cells split up by county boundaries, the permissible number of acres is less than 640 acres. Surface-water irrigated acreages receive priority, and acreage left in each grid square after summation of SW (SWEX and SWCO) acreages is the total acreage available for the other three uses listed above. The routine first attempts to place phreatophyte acreage into the grid cell to which it is assigned in the input file, followed by urban acreage, then water-body acreages. Where there is no space available in a grid square for placement of a particular land use category (or categories), the routine produces the number of acres in excess, along with the category, as output. The user then manually relocates the acreage to the nearest cell with available space.   
     The second routine is run once the excessive acreages for the three land-use classifications are manually distributed in the two tables. The purpose of this routine is to place GWSS irrigated acreages in the grid cell (or cells) nearest to the grid cell in which the well is located without violating the total number of acres contained in each grid square. The routine subtracts the sum of the total acreage (from the four land uses) in each grid cell from the total acreage in each grid cell. The result is the number of acres available in each grid square for placement of GWSS irrigation acres. The routine then places as much of the GWSS acreage as possible in the same cell in which the well is located. If there are acres that will not fit into the cell in which the well is located, the routine places as much of the remaining acreage as possible into the 8 neighboring cells. If there are still acres for which there is no available space, the routine attempts to place the remaining acres into the 16 cells surrounding the nine cells where the routine has already distributed GWSS acres, as shown in the Figure 5:
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              Figure 5. GWSS routine distribution pattern.

One major limitation to the module is that the 9 or 25 cells to which GWEX acres are distributed must be in the same county as the reference cell. In the case that the reference cell is on the edge of a county line, the module will search the nearest 9 or 25 cells in that county for space in which to place GWSS acres, but as the example below (Figure 6) indicates, the pattern will not be a bulls eye pattern:
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         Figure 6. GWSS routine distribution pattern in NE corner of a county.
In the case that there exists no available acres in the surrounding 24 cells for placement of GWSS acreage, the routine outputs the well information so that the location for the GWSS acreages can be determined manually.
Final Cell-by-Cell Irrigation Volume Calculations for GWSS, GWCO, SWSS and SWCO Lands
     Once the county-specific irrigation depths are calculated for the four irrigation categories, the water is distributed as a uniform depth within each category across each county. The result of this redistribution is separate text file for each category, containing irrigation volumes and acreages divided up according to the model grid. The volumes are obtained by multiplying the application depth by the number of acres in land area pertaining to the specific irrigation category. 
     The four text files are used as inputs to the preprocessor, ‘mknedat’, which uses the files to calculate both the total volume pumped, and the SW and GW recharge for each grid square across the Nebraska portion of the model region. The files from the two GW categories have the same format, with a header for each of the columns of data: Year, ROW, Column, County, Area and Volume. The files from the two SW categories are very similar to the GW files; the only difference is that the SW files have an additional column of data containing the canal-system identifiers (System). The identifiers, which are case-sensitive, are necessary so that canal-system-dependent SW recharge rates can be correctly assigned by ‘mknedat’. 
     The acreage fields from the four input files are read in by ‘mknedat’ and produced as three output files, which are then used as inputs to the preprocessor, ‘RRPP’. Groundwater SS and SWSS acreages are simply read in by ‘mknedat’ and placed into individual input files for ‘RRPP’; however, since GWCO and SWCO are the same acreages, the acreages from just one of these files is put into the CO input file for ‘RRPP’. ‘RRPP’ uses these three acreage values to compute the total irrigated acreage for all grid cells. Since irrigated lands receive a slightly higher rate of precipitation recharge, total irrigated acreage per grid square is used for computation of precipitation recharge. Figure 7 is a sample from the file, ‘GWOnly0102_Export.txt’, the file containing GWSS information for the 2001to 2002 model update. Figure 8 is a sample from the file, ‘SWEX0102_Export.txt’, the file containing SWSS information for the 2001to 2002 model update. 
     Figure 9 is a flowchart summarizing the entire process of calculating irrigation volumes for the RRCA groundwater model.
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                           Figure 7. Sample of file, ‘GWOnly0102_Export.txt’
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                     Figure 8. Sample of ‘SWEX0102_Export.txt’
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Figure 9. Flowchart of irrigation volume calculations for the RRCA Groundwater Model.   

               Co.: County, Reg. : Registered, Indiv.: Individual.
PAGE  
1

_1137340755.unknown

_1137522560.unknown

_1137522665.unknown

_1137522899.unknown

_1137521953.unknown

_1132933810.unknown

_1132934668.unknown

_1132935006.unknown

_1132929773.unknown

_1132930454.unknown

_1132930603.unknown

_1128928929.unknown

