[bookmark: _GoBack]JL-DecliningFlow-2019–A workbook for estimating transmissivity from declining flow rates

Transmissivity (T) can be estimated by analyzing declining discharge rates from flowing wells and draining tunnels (Jacob and Lohman, 1952). An initial (static) water level is estimated while the well is shut-in or from other wells. Differences between initial water levels and outlet elevations of flowing wells or draining tunnels are interpreted as the drawdown (s), which is assumed constant. The aquifer test starts when the well is opened and discharge commences. Discharge rates are measured during the aquifer test and gradually decline because drawdown is constant. 

Drawdown divided by discharge (s/Q) is interpreted rather than directly interpreting declining discharges (Jacob and Lohman, 1952). The group s/Q, plots as a straight line on an arithmetic axis vs. time on a logarithmic axis in a semi-log plot. Transmissivity is estimated by fitting a straight line to measured s/Q, which is inversely proportional to slope of the line as with other methods of single-well analysis (Halford and Kuniansky, 2002).  

Jacob-Lohman (1952) analysis of flowing wells has been implemented in the workbook JL-DecliningFlow-2019.xlsm (Figure 1). This workbook was revised from the original workbook from Halford and Kuniansky (2002) to function with Excel 2013+. Declining discharges are plotted as a time series on a Cartesian plot for data inspection. The group s/Q is plotted vs. time on a semi-log plot for estimating transmissivity. A straight line initially is regressed to s/Q data with the “GROSS FIT” button. Fit between straight line and plotted data can be refined visually to ignore outliers with the “ADJUST LINE” button. Transmissivity and hydraulic conductivity are reported with a user defined number of significant digits. 

[image: ]
[bookmark: _Ref955707]Figure 1.— OUTPUT page in JL-DecliningFlow-2019.xlsm. 

JL-DecliningFlow-2019.xlsm and explanatory PDF can be downloaded with the following link. 
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JL-DecliningFlow-2019.xlsm Workbook
The workbook consists of three pages, DATA, OUTPUT, and PROP, and one hidden page, CONTROL. The hidden CONTROL page contains lookup tables and code for calculating results, which users should not need to edit. Aquifer test information, analysis, and results are summarized on the OUTPUT page. Well construction, aquifer thickness, aquifer material, site identifier, and remarks about the test are specified on the OUTPUT page. Additional information such as a well construction diagram and pictures of the site also could be pasted on the OUTPUT page. Time series of discharge changes from data loggers or manual measurements are entered on the DATA page. Ranges of hydraulic conductivities for aquifers are specified on the PROP page. The list should be modified to include more specific information about local units in a study area.
[bookmark: _SEE._page][bookmark: _SEE_page]DATA page
[bookmark: _Toc203959053][bookmark: _Toc203976012][bookmark: _Toc256715440]Time-discharge data are specified in columns A-B from row 7 down (Figure 2). Time well starts flowing, the beginning of the aquifer test, is specified in cell A7.  Units of discharge for input and analysis are specified in cells B6 and E6, respectively.  
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[bookmark: _Ref308299823]Figure 2.—DATA page in the JL-DecliningFlow-2019.xlsm workbook where distances and drawdowns are specified. 
[bookmark: _Lithology_and_Hydraulic]Data Page
	Clear existing data between columns A and B from row 7 to the last entry. 
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	Empty cells before adding your data.
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	Specify units for time in cell A6. 
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	Specify units for measured discharges in cell B6.
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	Specify units for analyzed discharges in cell E6. 
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OUTPUT page—Site Information 
Construction, depths, material, and site information are specified on the OUTPUT page (Figure 3). Most of this information is descriptive and does not affect estimated transmissivities. Aquifer material defines broad ranges of permissible transmissivities, which users should expand or replace with site specific limits.  
[image: ]
[bookmark: _Ref989232]Figure 3.—Site information for single-well aquifer test in the JL-DecliningFlow-2019.xlsm workbook. 
Site Information
	Enter site identifier in cell B25.
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	Diameters of casing and annulus are specified in cells B30 and B31. Select units from pull-down menu in cell C30. 
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	Depths to static water level, top of screen, and bottom of screen are specified in cells B33, B34, and B35. Select units from pull-down menu in cell C33.
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	Filled annular material across screen and above screen are specified in cells B37 and B38. 
Hydrogeologic unit, aquifer material, is specified in cell B39. Selected hydrogeologic unit defines range of permissible transmissivities from PROP page. Additional hydrogeologic units with ranges of permissible transmissivities can be added. 
Select materials from pull-down menus in cells C37:C39. Cells in columns B and C are merged on each row. 
	[image: ]

	Site information is for completeness of reporting and is not otherwise used. 
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	Average hydraulic conductivity (K) in cell F31 is estimated transmissivity divided by assumed thickness in cell F33. 
Buffer excludes initial measurements from regression called with the [image: ] button (cell E25). 
	[image: ]

	Constant drawdown is specified in cell F36 and units are selected from pull-down menu in cell G36. 
Significant digits specified in cell F38 affects reported transmissivity (T) and average hydraulic conductivity (K) in cells F30 and F31.
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	Error conditions are reported in 
row 27.  “Input is consistent,” is reported when no errors exist.  
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OUTPUT page — Estimating transmissivity 
Constant drawdown divided by discharges (s/Q) are plotted and analyzed on the OUTPUT page (Figure 4). A straight line initially is regressed to s/Q data with the “GROSS FIT” button. Fit between straight line and plotted data can be refined visually with the “ADJUST LINE” button to ignore spurious data as can occur from recharge events during multi-decade drainage periods. Transmissivity and hydraulic conductivity are reported with a user defined number of significant digits.  

[image: ]
[bookmark: _Ref992275]Figure 4.—Estimating transmissivity from discharge data in the JL-DecliningFlow-2019.xlsm workbook.

Estimating Transmissivity
	Drawdown divided by measured discharges (s/Q) and straight line for estimating transmissivity appear on the semi-log plot. 
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	Press “GROSS FIT” button (cell E25) to initially fit straight line to plotted s/Q data. 
Fitting line will extend between minimum and maximum times of measured s/Q data.
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	Pressing the “ADJUST LINE” button (cell G25). 
Converts the regression line in the chart to a graphical line that can be moved and adjusted. 
Background color changes and remains changed while in fitting mode. 
An error condition exists while graphically fitting line.
	 [image: ]

	Pressing “ADJUST LINE” button (cell G25) again. Reverts graphical line to regression line and restores background color of chart. 
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	Units of reported transmissivity (T) are selected from pull-down menu in cell G30.
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	Units of reported hydraulic conductivity (K) are selected from pull-down menu in cell G31. 
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PROP page
Annular fill, grouts, and hydrogeologic units are specified on the PROP page (Figure 5). Annual fill and grout are descriptive lists in columns A and B that can be edited by the user. Hydrogeologic units (aquifers and confining units) define a range of permissible transmissivities for each unit. The default list from Halford and Kuniansky (2002) has been reduced to a four classes (Figure 5) that were developed for southern Nevada (Halford, 2016; (Mirus and others, 2016). Greater differentiation of hydrogeologic units, especially in volcanic rocks, was not supported by aquifer-test results. The list of hydrogeologic units should be adapted to specific information from a user’s study area. 

[image: ]
[bookmark: _Ref3198368]Figure 5.—Annular fills, grouts, and ranges of transmissivities on the PROP page in the 
JL-DecliningFlow-2019.xlsm workbook. 
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