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[bookmark: _Toc379548388]Executive Summary
A method for estimating Transmissivity from Specific Capacity data which can be commonly found in Australian state groundwater databases was tested. Results indicated that the method generally is accurate to within an order of magnitude of Transmissivity values derived from time-drawdown pump test data. The method was therefore deemed suitable for application across the available state groundwater databases (NSW, QLD and Vic) to obtain approximate Transmissivity values. The method was applied to the available data, yielding greater than 25,000 Transmissivity estimates across NSW, QLD and Vic. These may be particularly useful in data poor areas of the bioregional assessment regions, and may also prove useful for constraining the estimation of hydraulic properties between data rich areas. Attention is also drawn to the potential for applying this method for identifying zones of enhanced aquifer permeability resulting from the presence of fractures and faults within aquifers.


[bookmark: _Toc379548389]Introduction
[bookmark: _Toc379548390]Objective
The objective of this study was to identify and test a method for estimating hydraulic properties from state databases that can be applied efficiently at the cross-cutting level for use in the Bioregional Assessments with respect to groundwater system conceptualisation.
[bookmark: _Toc379548391]Groundwater Data - Opportunities and Constraints
The state groundwater databases generally contain pump test information (if it is available for a bore) that includes the date of the test, initial water level, the test duration, pumping rate and maximum drawdown. This information has not been migrated to the National Groundwater Information System (NGIS) in its current design.
Full pump test analysis is undertaken using time-drawdown data. This information is not recorded in the state groundwater databases but may be available in documents at the project level.
In order to undertake meaningful interpretation of pump test information, it is imperative to know where a bore is located, not only its geographic location but also its screened interval and the aquifer it intercepts. The information required is a bore log with stratigraphic interpretation, casing details for each bore and a hydrostratigraphic framework for the aquifer system in the region the bore is located. Notably, bore logs with stratigraphic interpretations are rare in the state databases. 
[bookmark: _Toc379548392]Literature Review (summary of Methods)
The literature review focused on methods for estimating horizontal Hydraulic Conductivity from data sources such as those found within state databases. 
[bookmark: _Toc379548393]Estimating Kx and Kz from lithology logs
A method commonly used for parameterising numerical groundwater models is to estimate hydraulic conductivity of aquifers from bore lithology descriptions. The method is reasonably labour intensive. This method is not appropriate for the cross-cutting approach to estimating hydraulic conductivity as there is no efficiency gained by taking a centralised approach- i.e. project teams are in a better position to undertake this work should they consider it necessary in their project areas.
This method typically involves the attribution of hydraulic properties from literature values to lithology texture classes (e.g. sand, silt etc). Each borehole is then assigned a texture class to each distinct interval along the length of the borehole. The arithmetic mean of the texture class intervals is then used to provide an approximation for hydraulic conductivity in the principle flow direction (Kx) and the harmonic mean provides a good approximation for hydraulic conductivity in the secondary flow direction (Kz). As such, the vertical hydraulic conductivity of the hydrstratigraphic layer is largely defined by the K value of the finest grained and therefore least permeable lithological layer.

Where,

and, i= model row, j=model column, k=model layer, m=total number of isotropic lithological layers in model layer

(Anderson and Woessner 1992)
This method may be relatively time consuming to undertake and may be best done at the project level where stratigraphic interpretation can be undertaken, lithology classes assigned to bore logs and hydraulic conductivity for each lithology texture class chosen specifically for the regional geology. 
The importance of stratigraphic interpretation is again evident- partially penetrating wells may misrepresent the hydraulic conductivity estimate for an aquifer; knowing where a borehole is located in space (and within the hydrostratigraphic framework of a region) is of central importance.
Also see (Zhanget al. 2007) for a recent application of this method for up-scaling hydraulic conductivity.
[bookmark: _Toc379548394]Estimating Kx from specific capacity data
There are two common approaches to estimating horizontal hydraulic conductivity from specific capacity data. Both are described here briefly.
Establishing a relationship between data pairs of Specific Capacity (Q/s) and Transmissivity (T) and then using this relationship to estimate T for Q/s data where there is no corresponding T.
This method is relatively straight forward, requiring the identification of pairs of specific capacity and transmissivity data for each aquifer. A relationship between these data is then derived (an empirical formula) and this relationship can be used to estimate transmissivity from specific capacity in the case that a transmissivity value is not available for a borehole but specific capacity is (Srivastavet al. 2007); (Wladis and Gustafson 1999); (Reeveset al. 1978).
Using the Cooper-Jacob approximation to the Theis Equation to estimate Transmissivity from Specific Capacity
Method One- Iteratively solving the Cooper-Jacob equation
(Bradbury and Rothschild 1985) developed a method to estimate Transmissivity from specific capacity based on the Cooper-Jacob approximation to the Theis equation. The solution requires that a storage coefficient value be assumed. The solution is considered to be relatively insensitive to S (Bradbury and Rothschild 1985); (McLin 2005). The Theis solution is for a confined aquifer. The marginal error introduced to the T estimate by using the Theis solution for an unconfined aquifer is small relative to the other sources of error (pers.comm. Ken Bradbury, 2012) e.g. airlift data is generally of poor quality. There are solutions for either partially penetrating wells or fully penetrating wells. Knowledge of the hydrostratigraphy at each borehole is required in order to account for partial penetration. Additionally, without hydrostratigraphic interpretation of each borehole, it is not possible to assign the results to particular hydrostratigraphic units. Thus, it is proposed that the cross-cutting work be aimed towards estimating the Transmissivity for all bores with available data to do so. It becomes the responsibility of the project teams to assign these results to hydrostratigraphic units and then to undertake statistical analysis to understand the variation of hydraulic conductivity in each hydrostratigraphic unit and interpret/ use these results in a meaningful way.
This method cannot be considered a substitute for a dedicated pumping test; errors should be considered potentially significant. The TGUESS approach (Bradbury and Rothschild 1985) enables sensitivity analysis to be undertaken in a relatively straight-forward way. (McLin 2005) notes that the value of applying this method may assist with recognising uncertainty in the estimation process.

where, T = transmissivity [L2/t]; Q= discharge [L2/t]; s= drawdown in the well [L]; t= pumping time [t]; S= storage coefficient [dimensionless]; rw= radius of the well [L]

Method Two- Straight line approximation to the Theis Equation.
For each bore with pump-test data, plot the standing water level at the beginning of the test at ‘time zero’ and plot the drawdown level at time x (where x is the duration of the test) on linear y scale (drawdown) versus log x scale (time). Draw a line between the points and read the drawdown over one log cycle. Use this value along with the pumping rate in the following equation to approximate T (pers comm. Jim Kellett).

where, T = transmissivity [L2/t]; Q= discharge [L2/t]; s= drawdown in the well [L]


[bookmark: _GoBack]
[bookmark: _Toc379548395]Method Testing
[bookmark: _Toc379548396]Method
The method of (Bradbury and Rothschild 1985) for solving the Cooper-Jacob approximation to the Theis Equation (known as TGUESS) was used to estimate Transmissivity from data available in the state databases including pump test duration, pumping rate and drawdown.
The Queensland and NSW groundwater bore databases were available for application and testing of the method. The Queensland bore data base generally has a greater number of bores with stratigraphic interpretations stored in the database and so this database was selected for testing. A 2011 extract of the database was available for use at the time of testing. After testing was complete, a new (2013) extract became available. The testing was not re-run for this database due to the adequacy of data available from the 2011 extract for the purpose of testing the method.
Pump test data was extracted from the database for all records that had both a value of Transmissivity and pump test information (such as test duration, pumping rate and drawdown) so that data pairs of estimated Transmissivity and Transmissivity from the database could be compared to test the adequacy of the method. Note that this approach implies that the Transmissivity recorded in the database is the ‘true’ value. In some cases bores in the Qld database had more than one Transmissivity value recorded for them and more than one pump test record. A simple analysis of the error associated with the database Transmissivity was also undertaken. This will be discussed further in Section 6.
Ken Bradbury, Program Leader, Hydrogeology at the Wisconsin Geological and Natural History Survey, kindly provided a copy of his Worksheet for Estimating Transmissivity and Hydraulic Conductivity from Specific Capacity Test Data which follows the work flow and theory of the method outlined in (Bradbury and Rothschild 1985). This worksheet was used to estimate Transmissivity for all bore records that had both pump-test data and a value recorded for Transmissivity.
The (Bradbury and Rothschild 1985) solution requires a value to be assumed for the Storage Coefficient. There are very few estimates of storage coefficient available in the state bore databases. (McLin 2005) reports that the method is relatively insensitive to the Storage Coefficient. A value of 0.0001 was assumed for all bores. 
The (Bradbury and Rothschild 1985) solution includes corrections for partial penetration and well losses. Well losses were ignored for all bores as there is insufficient information in the state groundwater database to estimate the well loss coeficcient. (Mace 1997) report that the uncertainty associated with well loss estimates is high and can increase the uncertainty of Transmissivity estimates based on specific capacity data significantly. All bores were initially assumed to be fully penetrating. The solution is also sensitive to the assumption of partial penetration. A subset of all bores that had sufficient information (aquifer information and casing details) to correct for partial penetration, and that were indeed partially-penetrating, were isolated and the partial penetration calculation made. The subset was limited to bores that had open hole constructions or single screen constructions. This subset was compared with the results of the solution for those same bores assuming full penetration in order to investigate the significance of the assumption of fully-penetration wells.
[bookmark: _Ref372287655][bookmark: _Toc379548397]Results of test
[bookmark: _Toc379548398]Assume fully penetrating wells
Bores were queried from the database that had both pump test data (pump test duration, discharge rate, drawdown, well diameter) and Transmissivity values recorded. This yielded 6654 records across 3469 bores. TGUESS was used to estimate Transmissivity. Data pairs of log transformed TGUESS Transmissivity and log transformed Transmissivity values recorded in the Qld bore database were plotted to investigate the accuracy of the TGUESS estimator. Figure 1 shows the results with a line of best fit plotted. The slope of the line of best fit is 0.77 with an R2 value of 0.80. Ideally the slope should approach a value of 1. Percentage error was calculated by finding the difference between log Transmissivity estimated with TGUESS and log Transmissivity from the Qld bore database and dividing this by log Transmissivity from the Qld bore database. Figure 2 is a frequency distribution plot of residual error.
Figure 1 and Figure 2 also show that errors are generally within an order of magnitude. Figure 2 and Table 1 show that errors are distributed around zero (the mean is -0.06 and the standard deviation is 0.42) with minor left-hand skewed-ness (skewness is -0.50), indicating that the TGUESS method provides a reasonable estimate and there does not appear to be bias in the method.
However, it is noted that the predictive power is limited; a two-tailed t-test at the 95% confidence level shows that the mean of the TGUESS population is significantly different from that of the QLD database population (see Table 3). An F-test showed that the variance of two populations is also significantly different (see Table 2).

[bookmark: _Ref372287252]Figure 1: Comparison of log TGUESS estimates with log database records of Transmissivity (m2/day)

[bookmark: _Ref372287229]Figure 2 Percentage error of log TGUESS values relative to log database Transmissivity
[bookmark: _Ref372705272]Table 1Descriptive Statistics of errors where errors are the difference between log of Transmissivity recorded in the Qld Database and log of Transmissivity estimated by TGUESS.
	Descriptive Statistics - errors

	Mean
	-0.06

	Standard Error
	0.01

	Median
	-0.01

	Mode
	0.10

	Standard Deviation
	0.42

	Sample Variance
	0.17

	Kurtosis
	3.33

	Skewness
	-0.50

	Range
	5.58

	Minimum
	-2.95

	Maximum
	2.63

	Count
	6886

	Confidence Level (95.0%)
	0.01


[bookmark: _Ref372707846]Table 2 Results of F-Test of two populations:  log of Transmissivity recorded in the Qld Database; and log of Transmissivity estimated by TGUESS.
	F-Test Two-Sample for Variances

	 
	log T database
	log T TGUESS

	Mean
	1.48
	1.45

	Variance
	0.74
	0.48

	Observations
	3079
	3079

	df
	3078
	3078

	F
	1.552617
	

	P(F<=f) one-tail
	2.72E-34
	

	F Critical one-tail
	1.061099
	 


[bookmark: _Ref372707800]


Table 3 Results of T-Test of two populations:  log of Transmissivity recorded in the Qld Database; and log of Transmissivity estimated by TGUESS.
	t-Test: Paired Two Sample for Means

	 
	log T database
	log T TGUESS

	Mean
	1.48
	1.45

	Variance
	0.74
	0.48

	Observations
	3079
	3079

	Pearson Correlation
	0.909343
	

	Hypothesized Mean Difference
	0
	

	df
	3078
	

	t Stat
	5.339785
	

	P(T<=t) one-tail
	4.99E-08
	

	t Critical one-tail
	1.645349
	

	P(T<=t) two-tail
	9.98E-08
	

	t Critical two-tail
	1.960735
	 


[bookmark: _Toc379548399]Analysis of the assumption fully penetrating wells
A subset of all bores that had sufficient information to correct for partial penetration (aquifer information and casing details) were isolated from the original TGUESS dataset and Transmissivity was estimated accounting for partial penetration. Criteria for being included in this sub set included the following:
· Bores were partially-penetrating
· Bores had either open hole constructions or single screen constructions
· Bores had Transmissivity values recorded in the database
A total of 573 Transmissivity records across 400 bores met this criteria. This subset was compared with the results of the solution for those same bores assuming full penetration in order to investigate the effect of the assumption of fully-penetrating wells.
From Figure 3, we can see that the Transmissivity estimate is not improved by accounting for partial penetration; the slope of a line of best fit to data pairs of TGUESS Transmissivity values and the database Transmissivity values is closer to one in the case that the calculation assumes all wells are fully-penetrating. Additionally, a frequency distribution plot of errors (Figure 4) shows that in the case that partial penetration is accounted for in the solution, the errors of logged values are generally more centred around zero. Table 4 summarises the descriptive statistics for each population of errors. When wells are assumed to be fully penetrating the mean error is -0.05, the standard deviation is 0.42, there is minor left-hand skewness (-0.52). When the calculation is made for partial penetration, the mean error is 0.13, the standard deviation is 0.50 and there is minor right-hand skewness (0.01). Table 5 and Table 6 show the results of an F-test and a two-tailed t-test to help investigate the significance of errors between the two populations of estimates. These results indicate that there is a significant difference in the mean and variance of the two populations at the 95% confidence level. 

[bookmark: _Ref372287416]Figure 3 Comparison of errors resulting from full and partial penetration assumptions in TGUESS

[bookmark: _Ref372287439]Figure 4 Comparison of errors resulting from full and partial penetration assumptions in TGUESS
[bookmark: _Ref372713909]Table 4 Descriptive Statistics of two populations of errors:  log of Transmissivity estimated by TGUESS assuming fully penetrating wells minus Transmissivity from database; and log of Transmissivity estimated by TGUESS accounting for partial penetration minus Transmissivity from database.
	Descriptive Statistics - errors

	
	fully penetrating
	partial penetration

	Mean
	-0.05
	0.13

	Standard Error
	0.02
	0.02

	Median
	0.01
	0.15

	Standard Deviation
	0.42
	0.50

	Sample Variance
	0.18
	0.25

	Kurtosis
	1.23
	0.95

	Skewness
	-0.52
	0.01

	Range
	3.48
	3.62

	Minimum
	-1.96
	-1.82

	Maximum
	1.52
	1.80

	Count
	573
	573

	Confidence Level (95.0%)
	0.03
	0.04


[bookmark: _Ref372712012][bookmark: _Ref372713862]Table 5 Results of F-Test of two populations:  log of Transmissivity estimated by TGUESS assuming fully penetrating wells; and log of Transmissivity estimated by TGUESS accounting for partial penetration.
	F-Test Two-Sample for Variances

	 
	fully penetrating
	partial penetration

	Mean
	2.16
	2.35

	Variance
	0.64
	0.60

	Observations
	573
	573

	df
	572
	572

	F
	1.065515
	

	P(F<=f) one-tail
	0.224088
	

	F Critical one-tail
	1.14759
	 


[bookmark: _Ref372712014][bookmark: _Ref372713873]
Table 6 Results of t-Test of two populations:  log of Transmissivity estimatde by TGUESS assuming fully penetrating wells; and log of Transmissivity estimated by TGUESS accounting for partial penetration.
	t-Test: Paired Two Sample for Means

	 
	fully penetrating
	Partial penetration

	Mean
	2.16
	2.35

	Variance
	0.64
	0.60

	Observations
	573
	573

	Pearson Correlation
	0.955284
	

	Hypothesized Mean Difference
	0
	

	df
	572
	

	t Stat
	-18.7285
	

	P(T<=t) one-tail
	1.07E-61
	

	t Critical one-tail
	1.647522
	

	P(T<=t) two-tail
	2.15E-61
	

	t Critical two-tail
	1.96412
	 





[bookmark: _Toc379548400]Analysis of Transmissivity values recorded in the databases
All bore records in the Qld Database that had more than one value recorded for Transmissivity were extracted (4680 Transmissivity records across 1350 bores). Average Transmissivity was calculated for each bore using all Transmissivity records available for that bore (the calculation was made on log transformed values of Transmissivity). Errors were calculated as the difference between each log transformed value recorded in the database and the average of the log transformed values recorded for each bore. Figure 5 shows the frequency of errors. The errors are generally within one order of magnitude indicating there is a relatively small range in the values recorded for Transmissivity for each bore in the bore database. Table 6 also shows that there the errors are minimal with mean equal to 0.00 and standard deviation equal to 0.14. 
[image: ]
[bookmark: _Ref372287603]Figure 5 Percentage error of log Transmissivity relative to average Transmissivity for all bores in the Qld bore database with more than one Transmissivity record. 
[bookmark: _Ref372713141]

Table 7 Descriptive Statistics of errors as database Transmissivityminus average Transmissivity of each borehole for all bores with more than one Transmissivity value recorded in the Qld bore database.
	Descriptive Statistics

	Mean
	0.00

	Standard Error
	0.00

	Median
	0.00

	Mode
	0.00

	Standard Deviation
	0.14

	Sample Variance
	0.02

	Kurtosis
	26.12

	Skewness
	-0.14

	Range
	3.00

	Minimum
	-1.66

	Maximum
	1.34

	Confidence Level (95.0%)
	0.0040


[bookmark: _Toc379548401]Discussion
Results of the application of the method of (Bradbury and Rothschild 1985), also known as TGUESS indicates that a reasonable estimate of Transmissivity can be obtained from the pump test information recorded in state groundwater databases, i.e. test duration, pumping rate and drawdown. The accuracy of the TGUESS estimate is generally within an order of magnitude. Testing of the assumption of fully-penetrating wells indicated that it does not matter whether data is available to make the partial-penetration calculation as the estimate is not improved by accounting for partial penetration. This may be due to the quality of data in the state bore databases with respect to aquifer information and bore casing details.
This method is appropriate for application across the bioregional assessment areas to obtain an order of magnitude estimate of Transmissivity where pump test data is available in the state groundwater databases. This is particularly useful in data poor areas where there may be very limited hydraulic property information available. Hydraulic conductivity can be calculated from Transmissivity by dividing Transmissivity by aquifer thickness. At this stage, due to the incomplete stratigraphic interpretation of boreholes available in the state groundwater databases, this calculation cannot be readily undertaken. As the bioregional assessment program progresses, this data may become available, or 3D geological models may become available which, along with bore casing details and the Transmissivity estimates, can be used to calculate horizontal hydraulic conductivity.
It is also noted that this method is no substitution for dedicated pump tests and their associated analysis, however, in data poor areas, the method may provide a first approximation of hydraulic property information that would otherwise not be available.
[bookmark: _Toc379548402]Application of the method to available state database pump test information
The results of the testing phase of the project showed that the method is appropriate to obtain an order of magnitude estimate of Transmissivity where pump test data is available in the state groundwater databases. 
[bookmark: _Toc379548403]Data availability
At the time of writing, pump test data was available for use in the bioregional assessments program for Queensland, New South Wales and Victoria. The entire groundwater databases were available for Queensland and for Victoria. In New South Wales, pump test data has been made available for the bioregional assessment areas only.
Well diameter information is critical to the TGUESS calculation and had to be assigned to pump test records from other tables within the databases. In the NSW and QLD databases, well diameter can be found by querying the casing materials tables. In the Victorian database, well diameter is available in both the bore summary table and in the casing materials table.
For Victoria, records which had complete pump test information and well diameter recorded in the bore summary table were extracted for application of the method.
In NSW and QLD, well diameter had to be isolated from the casings material tables of each database. It was found in both databases that well diameter information for open and screened sections of boreholes was not available in all cases. In these cases, well diameter was assumed to be equal to the minimum value of the diameter recorded for other casing material components, e.g. the diameter of the blank casing.
Data cleansing of obvious bad data was also undertaken, for example changing non-numeric time data to numeric time data where the conversion was obvious.
[bookmark: _Toc379548404]Results
The entire Queensland bore database was available for use. 11487 records across 6699 bores were available for application of the method. 
Pump test data was available for use only the areas of NSW covered by the bioregional assessments program. 8896 records across 8308 bores were available for application of the method. 
The entire Victoria GMS bore database was available for use. 7303 records across 6841 bores were available for application of the method. 
Figure 6 and Table 8 summarise the estimated Transmissivity values for Queensland, New South Wales and Victoria. Figure 7 shows the spatial distribution of the results. A total of 27,686 results are displayed. 


[bookmark: _Ref373418521]Figure 6 Frequency distribution of log-transformed Transmissivity estimates (m2/day)
[bookmark: _Ref373418537]Table 8 Descriptive Statistics of log-transformed Transmissivity estimates (m2/day) - Queensland
	Descriptive Statistics
	QLD
	NSW
	VIC

	Mean
	1.72
	1.38
	1.45

	Standard Error
	0.01
	0.01
	0.01

	Median
	1.83
	1.37
	1.46

	Mode
	2.42
	2.25
	1.6

	Standard Deviation
	0.86
	0.94
	0.86

	Sample Variance
	0.73
	0.89
	0.74

	Kurtosis
	-0.19
	-0.48
	0.17

	Skewness
	-0.3
	-0.01
	-0.09

	Range
	6.68
	6.31
	7.94

	Minimum
	-1.93
	-1.29
	-3.12

	Maximum
	4.75
	5.02
	4.82

	Count
	11487
	8896
	7303

	Confidence Level (95.0%)
	0.02
	0.02
	0.02



[image: ]
[bookmark: _Ref373922678]Figure 7 Map of locations of Transmissivity estimates, Queensland, Victoria and New South Wales

[bookmark: _Toc379548405]Discussion and Conclusions
Due to the paucity of aquifer information, the estimates will be most useful when stratigraphic interpretation and/or 3D geological modelling is available for all the project areas. Using this information as well as the casing details of boreholes, these order of magnitude estimates of Transmissivity can be assigned to specific hydrostratigraphic horizons, forming a basis for setting ranges of hydraulic conductivity for each aquifer layer in a numerical groundwater model or water balance model. These ranges may inform the bounds assigned to automated statistical parameter estimation procedures further informed by calibration.
Once the Transmissivity values have been assigned to aquifers, it may also be possible to use this data to derive probability density functions for hydraulic conductivity for aquifers of interest.
A similar amount of caution that is typically applied when using data from the state groundwater databases should be taken when assigning point Transmissivity estimates to aquifers. For example, there are several records which plot in the ocean (particularly in the case of the Victorian data base). The coordinates for these bores appear to be in error. 
A further novel application of this method is described in (Maharjan and Eckstein 2013). (Maharjan and Eckstein 2013) used the Cooper-Jacob approximation to the Theis equation to identify zones where fractures provided a significant increase in aquifer permeability in an interbedded sandstone-shale aquifer system underlying glacial drift in Geauga County, Ohio, USA. The method estimated Transmissivity from specific capacity data for 619 wells and estimated the hydraulic conductivity value for each of the results. A probability density function was developed for the hydraulic conductivity results and the maximum hydraulic conductivity value for sandstones reported in textbooks (e.g.(Freeze and Cherry 1979)) was overlaid on the probability density function. Hydraulic conductivity values higher than this threshold were interpreted to align with the structural orientation of fractures thought to exist beneath the glacial cover.  (Maharjan and Eckstein 2013) conclude that this method provides a tool to locate areas where secondary porosity features are present. It is recommended that a similar method be investigated using the Transmissivity dataset derived by the current project at the aquifer scale given that structural controls on groundwater flow is a significant knowledge gap relevant to the propagation of groundwater impacts resulting from CSG and coal mine development. 
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log Transmissivity TGUESS (m2/day)

errors as log Estimated Transmissivity minus log database Transmissivity	-3.5	-3.25	-3	-2.75	-2.5	-2.25	-2	-1.75	-1.5	-1.25	-1	-0.75	-0.5	-0.25	0	0.25	0.5	0.75	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	0	0	0	3	0	2	3	9	15	28	96	237	485	963	1713	2029	917	265	69	30	9	8	0	3	1	1	0	0	0	Frequency

account for partial penetration	
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