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this layer of outwash. Although the thickness of this layer is unknown and variable, 

based on the soil pits it appears to exist from the ground surface to a minimum depth of 

9.5 feet. A layer of low-permeability glacial till, of unknown thickness, may underlie the 

outwash. It is presumed that this layer extends across the Salmon River valley, and was 

deposited during the most recent advance of the Salmon Glacier. The N-series and MC-

series wells are screened in this layer of till, and based on the slug test data analyses, the 

horizontal hydraulic conductivity of the till ranges from 0.6 to 17 feet/day. 

 Discharge was measured in stream cells 1-16 of Marx Creek on 17 July 2006 and 

2 July 2007 (Table 7 and Appendix C). The results of the discharge measurements 

indicated that the total discharge measured at weir 15 in July 2006 was 115% of the 

discharge measured in July 2007. However, the discharges measured at weirs 2, 4, 5, 6, 7, 

9, 11, 12 and 13 in July 2006 ranged from 179% to 235% of the discharges measured in 

July 2007 (Table 7). Overall, the downstream increase in discharge on a cell-by-cell basis 

was significantly different in 2006 compared to 2007 (Figure 14). The reason for this is 

unknown. However, during model calibration, the shape of the cell-by-cell model-

calculated discharge curve more closely matched the shape of the values measured in 

2007, so the 2007 discharge measurements may be more representative of the discharge 

of Marx Creek during the salmon spawning season. 

 A conceptual model of the Salmon River valley hydrogeologic system was 

created based on the results of the field study in order to aid in the creation of the Marx 

Creek model. Flow enters the modeled region from its northern, eastern and western 

margins, with additional sources of inflow from precipitation and, to a much lesser 

extent, leakage from streams. Flow leaves the modeled region through its southern 
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margin, evapotranspiration and leakage to streams. Within the modeled region, it 

appears as though groundwater flows through a highly permeable layer of outwash and a 

low-permeability layer of till, although the vertical and horizontal extents of these layers 

are not well defined. 

 
Model Creation and Calibration 

 Based on data collected in the field and the results of the slug and pumping test 

analysis, a three-dimensional, numerical groundwater model was created using Visual 

MODFLOW. Because of a lack of knowledge of the stratigraphic nature of the geologic 

materials underlying the Salmon River valley, the modeled area was represented by two 

layers with a nearly equal thickness (Figure 7) and a single hydraulic conductivity. The 

horizontal hydraulic conductivity value used in the model was determined during model 

calibration, and was 180 feet/day. Constant head boundaries were applied to the north, 

south, east and west margins of the model, and an additional constant head boundary was 

applied to layer two in order to simulate upwelling to layer one. Finally, a stream 

boundary was added to the model to simulate stream cells 1-16 of Marx Creek. 

 The model was calibrated to hydraulic head and Marx Creek discharge 

measurements. Calibration to these parameters occurred simultaneously, during 

numerous simulations. Water level data, recorded between 18 July and 31 August 2006 

from twenty monitor wells, and discharge data from Marx Creek, measured on 2 July 

2007, were used to calibrate the Marx Creek model. The model was calibrated to 

hydraulic head and stream discharge until NRMSEs of 9.6% and 7.1% were achieved, 

respectively, which are below the typical calibration criteria of a 10% NRMSE. 
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Additionally, in regard to the discharge calibration, the shape of the calibrated cell-by-

cell model-calculated discharge curve closely matched the trend measured in July 2007 

(Figure 14).  

 
Predictive Simulations 

 After achieving model calibration, the proposed stream extension was input to the 

model, and three predictive simulations were run under steady-state conditions. The first 

predictive simulation simulated the effects of adding the proposed stream extension to the 

calibrated model. This was done to determine groundwater seepage, and subsequently 

discharge, into the stream cells of the proposed extension, and to determine the affect of 

the proposed extension on Marx Creek. The model-computed seepage rates into the 

proposed extension were higher than the seepage rates into the existing Marx Creek 

(Table 14), which indicates that if the extension stream were constructed it would 

probably have much more discharge than the existing Marx Creek. In addition, as a result 

of the addition of the proposed extension stream, the discharge in Marx Creek was 

reduced by 17%.  

 A mass balance of the model-computed recharge and discharge fluxes to and from 

the groundwater system was calculated by Visual MODFLOW before and after the 

addition of the proposed extension (Tables 11 and 13). The addition of the proposed 

extension stream resulted in 686,667 cubic feet/day of additional recharge to the modeled 

region. The additional recharge was supplied primarily by the constant head boundaries. 

Also, as a result of adding the proposed stream extension to the model, an additional 
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686,693 cubic feet/day of discharge left the modeled region. The additional discharge 

left the hydrogeologic system primarily through seepage to the proposed extension 

stream. 

 A second predictive simulation was run to simulate the effects of the removal of 

all the Marx Creek stream cells upstream from its confluence with the proposed 

extension, thereby leaving the proposed extension as the only stream in the model. This 

was done to determine the effect of removing the existing Marx Creek channel on the 

proposed extension stream, thereby aiding in decision making regarding the future of 

Marx Creek, as it is possible that Tongass National Forest will abandon the Marx Creek 

stream cells upstream of its confluence with the proposed extension. The result of the 

second simulation was a small discharge increase in each of the cells of the proposed 

extension (Table 15). The volume of daily discharge into the stream cells of the proposed 

extension increased by 5% from the discharge value computed prior to the removal of the 

existing Marx Creek channel.  

 A third predictive simulation was run to simulate the effects of a drop in hydraulic 

head on the discharge of the proposed extension. In the simulation, the hydraulic head 

was lowered by 1.06 feet, which was the average difference between the maximum and 

minimum water levels recorded in 2006 during the typical salmon spawning season. This 

was done in order to predict the minimum discharge that may be expected during a 

salmon-spawning season, if the water levels are similar to those measured in 2006. The 

result of the third simulation was a decrease in the discharge of the stream cells of the 

proposed extension by 18% (Table 15). 
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Sensitivity Analysis 

A two-part sensitivity analysis of the model was performed. The sensitivity 

analysis consisted of (1) analyzing some of the simulations that were run while 

attempting to calibrate the model and (2) individually adjusting parameters within the 

calibrated Marx Creek model in order to find out how the model would react. The first 

part of the sensitivity analysis consisted of analyzing eight of the simulations that were 

run while attempting to calibrate the Marx Creek model (Table 16). In the second part of 

the sensitivity analysis five simulations were run to test the sensitivity of the calibrated 

Marx Creek model, with the addition of the proposed extension, to changes in: (1) 

horizontal hydraulic conductivity, (2) vertical hydraulic conductivity, (3) hydraulic head 

of the constant head boundary cells representing the Salmon River, (4) streambed 

elevations, and (5) streambed conductivity.  

 The first part of the sensitivity analysis showed that the stream discharge results 

were more sensitive to changes in various hydraulic parameters than hydraulic head. It 

also showed that stream discharge was most affected by changes in horizontal and 

vertical hydraulic conductivity and the presence of a layer two constant head boundary. 

Adjusting horizontal and vertical hydraulic conductivity from 250 and 25 feet/day, 

respectively, to 125 and 12.5 feet/day resulted in a reduction in the NRMSE of 4.1%, and 

adjusting it from 125 and 12.5 feet/day, respectively, to 200 and 20 feet/day resulted in a 

reduction in the NRMSE of 5.5%.  The addition of a layer two constant head boundary 

resulted in a 6.3% reduction in the stream discharge NRMSE. The first part of the 

sensitivity analysis also showed that the stream discharge results were not significantly 

affected by adjusting the value of the recharge boundary. Reducing the recharge rate from 
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34.5 inches/year in simulation eight to 13.44 inches/year in the calibrated simulation 

resulted in a change in the stream discharge NRMSE of less than 0.1%.  

The second part of the sensitivity analysis showed that the Marx Creek model is 

most sensitive to changes in horizontal and vertical hydraulic conductivity. Decreasing 

the horizontal hydraulic conductivity from 180 to 18 feet/day resulted in a discharge 

decrease in Marx Creek by 58% and in the proposed extension by 65%, and an increase 

in the average hydraulic head of the monitor well grid cells by 0.8% (Table 17). 

Decreasing the vertical hydraulic conductivity from 18 to 1.8 feet/day resulted in 

discharge decreases in Marx Creek by 49% and in the proposed extension by 55%, and a 

decrease in the average hydraulic head of the monitor well grid cells of 0.6% (Table 17).  

The second part of the sensitivity analysis also showed that the model is 

somewhat sensitive to adjustments of the streambed elevations of Marx Creek and the 

proposed extension, and that it is relatively insensitive to adjustments of the Salmon 

River water level and the streambed vertical hydraulic conductivity. Increasing the 

streambed elevations of Marx Creek and the proposed extension by one foot resulted in 

discharge decreases in Marx Creek by 35% and in the proposed extension by 16%, and an 

increase in the average hydraulic head of the monitor well grid cells of 0.3%. Adjusting 

the Salmon River water level and the streambed vertical hydraulic conductivity resulted 

in a change in the discharge of Marx Creek and the proposed extension stream of 3.1% or 

less. In addition, the adjustment of these parameters affected head values in the model by 

less than 0.03%. 
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Conclusions  

 It is likely that the proposed stream extension would successfully produce 

quantities of water necessary for salmon spawning, with or without stream cells 1-14 of 

Marx Creek. The channel length of the proposed extension is shorter and the channel 

width is comparable to stream cells 1-14 of the existing Marx Creek, yet the proposed 

extension is predicted to have a greater total stream discharge than the existing Marx 

Creek. Additionally, the model predicted that removing stream cells 1-14 of the existing 

Marx Creek would increase discharge in the proposed extension. Therefore, with proper 

weir construction and placement, it should be possible to generate water depths in the 

stream cells of the proposed extension, with or without stream cells 1-14 of the existing 

Marx Creek, that are comparable to or greater than the water depths measured in the 

stream cells of the existing Marx Creek, thus providing a stream environment that is 

conducive to salmon spawning. 

 Although seasonal drops in hydraulic head would decrease discharge into the 

proposed extension, it is likely that enough discharge would be produced to provide a 

stream environment that remains conducive to salmon spawning. The proposed extension 

stream discharge results from the third simulation (Table 15), where a drop in hydraulic 

head was simulated, are still greater than two-and-a-half times the discharge of stream 

cells 1-12 of the existing Marx Creek under normal conditions (Table 14). Therefore, 

even during seasonal periods of low hydraulic head, the volume of discharge into each of 

the proposed extension stream cells should still be sufficient to generate water depths in 

the stream cells that are comparable to or greater than the water depths in the stream cells 
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of the existing Marx Creek and provide a stream environment that is conducive to 

salmon spawning. 

 
Limitations 

 This model, as with all numerical models, cannot perfectly simulate the natural 

environment. The model is based upon simplifying assumptions, but within limits it can 

assist in better understanding the hydrogeologic system within the glacial deposits of the 

Salmon River valley. The simplifying assumptions related to the Marx Creek model are 

discussed below. 

 The lack of information on the stratigraphy of the glacial deposits within the 

Salmon River valley, as well as the total thickness of these deposits, limited the accuracy 

of the conceptual model, which translated into a limitation of the Marx Creek model. 

Although a stratigraphic interpretation from the ground surface down to a depth of 

approximately ten feet was made, the nature of the deposits beneath this depth is 

unknown. Because glacial deposits have highly variable hydraulic properties it is unlikely 

that the deposits in the upper ten feet represent the hydraulic properties throughout the 

entire depth of the glacial valley. As a result, only two layers were used in the Marx 

Creek model, with both of the layers having the same hydraulic properties. Had 

information been available on the depositional nature of the geologic materials 

underlying the Salmon River valley, it may have been possible to add additional layers to 

the model, with each of the layers representing unique zones with different 

permeabilities. 
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 In addition to lack of knowledge of the glacial deposits within the Salmon 

River valley, the depth of the bottom of the glacial valley beneath the field site is 

unknown. The depth was estimated based on a cross-section of a topographic map, but 

the actual depth is unknown. The bottom of the Marx Creek model was based upon the 

estimated thickness of the glacial deposits, so it is likely that there is a degree of error 

associated with its assignment. 

 The horizontal and vertical hydraulic conductivity values, which were 

demonstrated to have a large effect on model results during the sensitivity analysis, were 

applied uniformly to the grid cells of the model. This does not accurately reflect the 

natural spatial variability of the subsurface geologic materials, which consist of glacial 

till and outwash. Because the sensitivity analysis demonstrated that the Marx Creek 

model is highly sensitive to changes in these parameters, it is possible that if unique 

zones with different hydraulic conductivity values had been assigned to the model, the 

results may have been different from those produced by the Marx Creek model.  

 The layer one north, south and east constant head boundaries, and the layer two 

constant head boundary are artificial boundaries. Ideally, in a modeling study, it is best to 

have natural, as opposed to artificial, boundaries. Natural boundaries represent features 

within a hydrogeologic system, such as a river, whereas artificial boundaries do not 

represent hydrogeologic features. Artificial boundaries were assigned to the north, south 

and east boundaries of layer one because the area of interest to this study was too small to 

justify extending the model to hydrogeologic features beyond the area studied.  

 An artificial boundary was assigned to layer two because, as discussed earlier in 

this chapter, it was necessary to provide adequate discharge to the existing Marx Creek. 
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The boundary values for layer two were based on ground surface elevations rather than 

hydraulic head values. As a result, the values applied to the boundary were rough 

estimates, and although it provided reasonable calibration results, it may not accurately 

represent the actual fluxes of upward flow. 

 The layer one boundary values applied to the model were based on water level 

and stream stage elevation measurements from two days. The north, south and east 

constant head boundary values were based on steel tape water level measurements from 

18 July 2006, and the west constant head boundary values were based on stream stage 

elevation measurements from 3 July 2007. In reality, these boundary values fluctuate, but 

in the Marx Creek model they were assigned as constant throughout the simulations. This 

was done because it would have been impractical to assign multiple boundary values for 

each grid cell, and because the water level fluctuations that occur during the salmon-

spawning season, which averaged 1.06 feet in the monitor wells in 2007, are small 

enough that using a single boundary value was reasonable. 

 When a stream or river is represented in a modeling study, it is ideal to have exact 

streambed elevation measurements. Although relative streambed elevation measurements 

were taken, actual streambed elevations were not measured, making it necessary to adjust 

the elevations during model calibration while keeping the relative elevation difference 

between the stream cells constant. Therefore, although they were not adjusted during 

calibration to the same degree that hydraulic conductivity was adjusted, the streambed 

elevations of Marx Creek were treated as a calibration parameter. As a result, the 

streambed elevations that were assigned to the model are not the same as the streambed 

elevations of the actual Marx Creek. It is not likely that this affected the modeling results 
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significantly because a reasonable calibration to discharge and hydraulic head was 

achieved, and because the sensitivity analysis demonstrated only a moderate sensitivity of 

the model to streambed elevations. 

 In the third predictive simulation, the decrease in hydraulic head applied to the 

simulation was based on the average difference between the minimum and maximum 

water levels during the 2006 salmon-spawning season, as recorded in the monitor wells. 

Although the simulation was run in order to represent a minimum seasonal discharge to 

the proposed extension, it cannot truly be considered a minimum discharge, as the 

simulated decrease in hydraulic head was only based on one year’s seasonal data. 

Because water level data were not measured during the 2007 salmon-spawning season, it 

was not possible to determine a seasonal water level drop for the year. As a result, the 

average difference between the maximum and minimum water levels during the 2006 

salmon-spawning season may or may not be typical of that time of year. If it was an over-

estimate, then the discharge to the proposed extension would most likely be greater than 

was predicted in the third simulation, and if it was an under-estimate, then the discharge 

to the proposed extension would most likely be less than was predicted in the third 

simulation. However, if the discharge is less than was predicted in the third simulation it 

is unlikely that this would create a serious problem, as a drop in water level of several 

feet would be required in order to generate discharge in the extension stream that is less 

than the discharge generated in stream cells 1-12 of the existing Marx Creek. 
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Recommendations 

 The Marx Creek model will probably never be used again, as its primary purpose 

was to assess the feasibility of adding the proposed extension. Therefore, the following 

recommendations are for future groundwater modeling studies that are similar in scope 

and purpose to the Marx Creek project.  

 A detailed subsurface investigation would greatly enhance the reliability of a 

model that is similar to the Marx Creek model. Although costly, drilling exploratory 

boreholes throughout the field site would greatly aid in the creation of a reliable 

conceptual model. Because numerical models are based upon conceptual models, a more 

accurate conceptual model should translate into a more accurate numerical model. 

Further, by distinguishing the location, extent and thickness of the deposits beneath the 

field site, numerous layers with unique hydraulic properties could be added to the model. 

This would make the groundwater model more representative of the actual groundwater 

system being modeled, and should yield more reliable results. 

 It would be beneficial to measure water levels for more than one season in a study 

similar to that of the Marx Creek project. Measuring water levels for multiple years 

would provide insight into the average seasonal water level fluctuations of a 

hydrogeologic system, and would render the study less susceptible to errors stemming 

from an atypical season of water level fluctuations. As a result of having a better 

understanding of seasonal water level fluctuations, it would be possible to calculate a 

more reliable minimum hydraulic head value during the season of interest. 

 If stream discharge is to be used as a calibration parameter, it would be useful to 

measure discharge multiple times during the salmon-spawning season in order to observe 



 93
how it fluctuates. Although one measurement per year was enough to calibrate the 

Marx Creek model, an increase in the number of measuring events would allow for the 

calculation of an average discharge during the season, which would be better to use 

during model calibration. In addition to increasing the number of discharge measuring 

events, it would also be useful to measure the exact streambed elevations of the streams 

within the model. This would reduce the number of unknown parameters within the 

model, and would allow for the streambed elevations to be fixed during model 

calibration. 

 The sensitivity analysis demonstrated that the Marx Creek model is most sensitive 

to changes in horizontal and vertical hydraulic conductivity. Therefore, it would be 

beneficial to obtain a larger number of horizontal hydraulic conductivity estimates in a 

study similar to that of the Marx Creek project. Performing more slug and/or pumping 

tests throughout the site would provide a better understanding of the distribution of 

geologic materials and the permeabilities of those materials. Additionally, it would be 

beneficial to test the vertical hydraulic conductivity of the geologic materials, thus 

providing a more representative vertical-to-horizontal anisotropic ratio to use in a 

numerical model.  
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Appendix A: Water level data from the monitor wells recorded  
from 18 July 2006 to 31 August 2006 
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Table 18: Water level data for Well 1 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well 1

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
level (ft) Date Water 

Level (ft)

7/18/2006 145.36 7/30/2006 145.03 8/10/2006 145.47 8/21/2006 145.04
7/19/2006 145.26 7/30/2006 145.05 8/10/2006 145.34 8/21/2006 145.09
7/19/2006 145.13 7/31/2006 145.13 8/11/2006 145.29 8/22/2006 145.11
7/20/2006 145.15 7/31/2006 145.07 8/11/2006 145.23 8/22/2006 145.10
7/20/2006 145.37 8/1/2006 145.06 8/12/2006 145.23 8/23/2006 145.12
7/21/2006 145.55 8/1/2006 145.11 8/12/2006 145.25 8/23/2006 145.13
7/21/2006 145.59 8/2/2006 145.34 8/13/2006 145.21 8/24/2006 145.17
7/22/2006 145.61 8/2/2006 145.46 8/13/2006 145.17 8/24/2006 145.20
7/22/2006 145.68 8/3/2006 145.47 8/14/2006 145.23 8/25/2006 145.17
7/23/2006 145.71 8/3/2006 145.35 8/14/2006 145.29 8/25/2006 145.09
7/23/2006 145.71 8/4/2006 145.33 8/15/2006 145.36 8/26/2006 145.15
7/24/2006 145.63 8/4/2006 145.22 8/15/2006 145.32 8/26/2006 145.18
7/24/2006 145.52 8/5/2006 145.08 8/16/2006 145.28 8/27/2006 145.14
7/25/2006 145.39 8/5/2006 145.14 8/16/2006 145.24 8/27/2006 145.06
7/25/2006 145.59 8/6/2006 145.21 8/17/2006 145.24 8/28/2006 144.98
7/26/2006 145.61 8/6/2006 145.16 8/17/2006 145.19 8/28/2006 145.03
7/26/2006 145.64 8/7/2006 145.02 8/18/2006 145.29 8/29/2006 145.38
7/27/2006 145.76 8/7/2006 144.86 8/18/2006 145.38 8/29/2006 145.61
7/27/2006 145.69 8/8/2006 144.85 8/19/2006 145.38 8/30/2006 145.73
7/28/2006 145.67 8/8/2006 145.08 8/19/2006 145.29 8/30/2006 145.70
7/28/2006 145.45 8/9/2006 145.29 8/20/2006 145.24 8/31/2006 145.64
7/29/2006 145.29 8/9/2006 145.39 8/20/2006 145.09 8/31/2006 145.54
7/29/2006 144.98
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Table 19: Water level data for Well N2 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N2

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 146.26 7/30/2006 145.92 8/10/2006 146.36 8/21/2006 145.91
7/19/2006 146.17 7/30/2006 145.94 8/10/2006 146.22 8/21/2006 145.95
7/19/2006 146.03 7/31/2006 146.01 8/11/2006 146.18 8/22/2006 145.97
7/20/2006 146.05 7/31/2006 145.96 8/11/2006 146.12 8/22/2006 145.96
7/20/2006 146.27 8/1/2006 145.95 8/12/2006 146.12 8/23/2006 145.98
7/21/2006 146.45 8/1/2006 146.00 8/12/2006 146.13 8/23/2006 145.99
7/21/2006 146.46 8/2/2006 146.22 8/13/2006 146.09 8/24/2006 146.02
7/22/2006 146.48 8/2/2006 146.34 8/13/2006 146.06 8/24/2006 146.05
7/22/2006 146.52 8/3/2006 146.35 8/14/2006 146.12 8/25/2006 146.03
7/23/2006 146.55 8/3/2006 146.24 8/14/2006 146.18 8/25/2006 145.94
7/23/2006 146.54 8/4/2006 146.22 8/15/2006 146.24 8/26/2006 146.00
7/24/2006 146.46 8/4/2006 146.11 8/15/2006 146.20 8/26/2006 146.03
7/24/2006 146.36 8/5/2006 145.98 8/16/2006 146.16 8/27/2006 146.00
7/25/2006 146.23 8/5/2006 146.03 8/16/2006 146.12 8/27/2006 145.91
7/25/2006 146.42 8/6/2006 146.10 8/17/2006 146.12 8/28/2006 145.85
7/26/2006 146.43 8/6/2006 146.05 8/17/2006 146.06 8/28/2006 145.91
7/26/2006 146.46 8/7/2006 145.92 8/18/2006 146.16 8/29/2006 146.24
7/27/2006 146.58 8/7/2006 145.75 8/18/2006 146.26 8/29/2006 146.43
7/27/2006 146.52 8/8/2006 145.74 8/19/2006 146.26 8/30/2006 146.53
7/28/2006 146.51 8/8/2006 145.97 8/19/2006 146.16 8/30/2006 146.50
7/28/2006 146.31 8/9/2006 146.18 8/20/2006 146.11 8/31/2006 146.48
7/29/2006 146.16 8/9/2006 146.28 8/20/2006 145.96 8/31/2006 146.40
7/29/2006 145.87
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Table 20: Water level data for Well N3 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N3

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 147.93 7/30/2006 147.57 8/10/2006 147.95 8/21/2006 147.48
7/19/2006 147.83 7/30/2006 147.58 8/10/2006 147.82 8/21/2006 147.53
7/19/2006 147.70 7/31/2006 147.65 8/11/2006 147.77 8/22/2006 147.54
7/20/2006 147.72 7/31/2006 147.59 8/11/2006 147.71 8/22/2006 147.53
7/20/2006 147.94 8/1/2006 147.58 8/12/2006 147.71 8/23/2006 147.54
7/21/2006 148.11 8/1/2006 147.63 8/12/2006 147.72 8/23/2006 147.55
7/21/2006 148.13 8/2/2006 147.84 8/13/2006 147.68 8/24/2006 147.57
7/22/2006 148.14 8/2/2006 147.96 8/13/2006 147.64 8/24/2006 147.61
7/22/2006 148.20 8/3/2006 147.97 8/14/2006 147.70 8/25/2006 147.58
7/23/2006 148.23 8/3/2006 147.85 8/14/2006 147.77 8/25/2006 147.50
7/23/2006 148.22 8/4/2006 147.83 8/15/2006 147.83 8/26/2006 147.55
7/24/2006 148.14 8/4/2006 147.72 8/15/2006 147.80 8/26/2006 147.59
7/24/2006 148.02 8/5/2006 147.58 8/16/2006 147.75 8/27/2006 147.55
7/25/2006 147.89 8/5/2006 147.64 8/16/2006 147.71 8/27/2006 147.47
7/25/2006 148.08 8/6/2006 147.70 8/17/2006 147.70 8/28/2006 147.40
7/26/2006 148.09 8/6/2006 147.65 8/17/2006 147.65 8/28/2006 147.52
7/26/2006 148.13 8/7/2006 147.52 8/18/2006 147.74 8/29/2006 147.78
7/27/2006 148.26 8/7/2006 147.35 8/18/2006 147.84 8/29/2006 147.97
7/27/2006 148.20 8/8/2006 147.34 8/19/2006 147.84 8/30/2006 148.09
7/28/2006 148.20 8/8/2006 147.58 8/19/2006 147.75 8/30/2006 148.08
7/28/2006 147.99 8/9/2006 147.77 8/20/2006 147.69 8/31/2006 148.06
7/29/2006 147.83 8/9/2006 147.88 8/20/2006 147.54 8/31/2006 147.98
7/29/2006 147.52
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Table 21: Water level data for Well N4 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N4

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 148.59 7/30/2006 148.23 8/10/2006 148.60 8/21/2006 148.18
7/19/2006 148.49 7/30/2006 148.24 8/10/2006 148.47 8/21/2006 148.23
7/19/2006 148.36 7/31/2006 148.31 8/11/2006 148.44 8/22/2006 148.24
7/20/2006 148.38 7/31/2006 148.25 8/11/2006 148.38 8/22/2006 148.23
7/20/2006 148.60 8/1/2006 148.24 8/12/2006 148.38 8/23/2006 148.24
7/21/2006 148.77 8/1/2006 148.29 8/12/2006 148.40 8/23/2006 148.25
7/21/2006 148.78 8/2/2006 148.50 8/13/2006 148.36 8/24/2006 148.28
7/22/2006 148.79 8/2/2006 148.62 8/13/2006 148.32 8/24/2006 148.31
7/22/2006 148.85 8/3/2006 148.62 8/14/2006 148.37 8/25/2006 148.28
7/23/2006 148.87 8/3/2006 148.51 8/14/2006 148.42 8/25/2006 148.20
7/23/2006 148.86 8/4/2006 148.49 8/15/2006 148.50 8/26/2006 148.26
7/24/2006 148.78 8/4/2006 148.38 8/15/2006 148.47 8/26/2006 148.29
7/24/2006 148.66 8/5/2006 148.25 8/16/2006 148.43 8/27/2006 148.26
7/25/2006 148.53 8/5/2006 148.31 8/16/2006 148.39 8/27/2006 148.17
7/25/2006 148.72 8/6/2006 148.36 8/17/2006 148.39 8/28/2006 148.10
7/26/2006 148.73 8/6/2006 148.32 8/17/2006 148.34 8/28/2006 148.15
7/26/2006 148.76 8/7/2006 148.19 8/18/2006 148.43 8/29/2006 148.44
7/27/2006 148.90 8/7/2006 148.02 8/18/2006 148.53 8/29/2006 148.61
7/27/2006 148.85 8/8/2006 148.02 8/19/2006 148.53 8/30/2006 148.72
7/28/2006 148.86 8/8/2006 148.25 8/19/2006 148.44 8/30/2006 148.72
7/28/2006 148.66 8/9/2006 148.43 8/20/2006 148.38 8/31/2006 148.72
7/29/2006 148.49 8/9/2006 148.53 8/20/2006 148.23 8/31/2006 148.65
7/29/2006 148.18
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Table 22: Water level change data for Well N5 from 29 July to 31 August 2006 (highest 
and lowest measurements in bold).

Well N5

Date

Water 
Level 

Change 
(ft)

Date

Water 
Level 

Change 
(ft)

Date

Water 
Level 

Change 
(ft)

Date

Water 
Level 

Change 
(ft)

7/29/2006 Reference 8/7/2006 -0.023 8/15/2006 +0.044 8/24/2006 -0.028
7/30/2006 +0.009 8/7/2006 -0.102 8/16/2006 +0.032 8/24/2006 -0.018
7/30/2006 +0.010 8/8/2006 -0.075 8/16/2006 +0.021 8/25/2006 -0.027
7/31/2006 +0.029 8/8/2006 -0.005 8/17/2006 +0.019 8/25/2006 -0.053
7/31/2006 +0.013 8/9/2006 +0.049 8/17/2006 +0.002 8/26/2006 -0.037
8/1/2006 +0.006 8/9/2006 +0.078 8/18/2006 +0.029 8/26/2006 -0.028
8/1/2006 +0.023 8/10/2006 +0.097 8/18/2006 +0.059 8/27/2006 -0.040
8/2/2006 +0.086 8/10/2006 +0.058 8/19/2006 +0.056 8/27/2006 -0.068
8/2/2006 +0.119 8/11/2006 +0.044 8/19/2006 +0.029 8/28/2006 -0.091
8/3/2006 +0.121 8/11/2006 +0.027 8/20/2006 +0.010 8/28/2006 -0.074
8/3/2006 +0.083 8/12/2006 +0.025 8/20/2006 -0.036 8/29/2006 +0.011
8/4/2006 +0.076 8/12/2006 +0.033 8/21/2006 -0.055 8/29/2006 +0.065
8/4/2006 +0.042 8/13/2006 +0.017 8/21/2006 -0.036 8/30/2006 +0.095
8/5/2006 +0.001 8/13/2006 +0.004 8/22/2006 -0.036 8/30/2006 +0.092
8/5/2006 +0.017 8/14/2006 +0.017 8/22/2006 -0.041 8/31/2006 +0.087
8/6/2006 +0.034 8/14/2006 +0.031 8/23/2006 -0.036 8/31/2006 +0.068
8/6/2006 +0.018 8/15/2006 +0.056 8/23/2006 -0.036
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Table 23: Water level data for Well N6 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N6

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 149.83 7/30/2006 149.40 8/10/2006 149.68 8/21/2006 149.22
7/19/2006 149.73 7/30/2006 149.40 8/10/2006 149.56 8/21/2006 149.27
7/19/2006 149.59 7/31/2006 149.46 8/11/2006 149.52 8/22/2006 149.28
7/20/2006 149.61 7/31/2006 149.40 8/11/2006 149.46 8/22/2006 149.27
7/20/2006 149.82 8/1/2006 149.38 8/12/2006 149.46 8/23/2006 149.28
7/21/2006 149.98 8/1/2006 149.43 8/12/2006 149.49 8/23/2006 149.28
7/21/2006 149.98 8/2/2006 149.63 8/13/2006 149.44 8/24/2006 149.30
7/22/2006 149.99 8/2/2006 149.74 8/13/2006 149.40 8/24/2006 149.34
7/22/2006 150.04 8/3/2006 149.74 8/14/2006 149.43 8/25/2006 149.30
7/23/2006 150.06 8/3/2006 149.63 8/14/2006 149.47 8/25/2006 149.22
7/23/2006 150.05 8/4/2006 149.61 8/15/2006 149.55 8/26/2006 149.27
7/24/2006 149.97 8/4/2006 149.51 8/15/2006 149.53 8/26/2006 149.30
7/24/2006 149.85 8/5/2006 149.37 8/16/2006 149.49 8/27/2006 149.26
7/25/2006 149.71 8/5/2006 149.42 8/16/2006 149.46 8/27/2006 149.18
7/25/2006 149.89 8/6/2006 149.47 8/17/2006 149.46 8/28/2006 149.09
7/26/2006 149.89 8/6/2006 149.43 8/17/2006 149.41 8/28/2006 149.10
7/26/2006 149.94 8/7/2006 149.30 8/18/2006 149.49 8/29/2006 149.41
7/27/2006 150.08 8/7/2006 149.14 8/18/2006 149.58 8/29/2006 149.61
7/27/2006 150.04 8/8/2006 149.13 8/19/2006 149.58 8/30/2006 149.73
7/28/2006 150.06 8/8/2006 149.34 8/19/2006 149.49 8/30/2006 149.73
7/28/2006 149.86 8/9/2006 149.52 8/20/2006 149.43 8/31/2006 149.73
7/29/2006 149.68 8/9/2006 149.61 8/20/2006 149.28 8/31/2006 149.67
7/29/2006 149.37
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Table 24: Water level data for Well N7 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N7

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 151.11 7/30/2006 150.71 8/10/2006 150.95 8/21/2006 150.51
7/19/2006 151.01 7/30/2006 150.70 8/10/2006 150.84 8/21/2006 150.56
7/19/2006 150.87 7/31/2006 150.75 8/11/2006 150.80 8/22/2006 150.57
7/20/2006 150.88 7/31/2006 150.69 8/11/2006 150.75 8/22/2006 150.55
7/20/2006 151.08 8/1/2006 150.68 8/12/2006 150.75 8/23/2006 150.56
7/21/2006 151.22 8/1/2006 150.71 8/12/2006 150.77 8/23/2006 150.57
7/21/2006 151.21 8/2/2006 150.90 8/13/2006 150.73 8/24/2006 150.59
7/22/2006 151.21 8/2/2006 151.01 8/13/2006 150.68 8/24/2006 150.62
7/22/2006 151.25 8/3/2006 151.02 8/14/2006 150.70 8/25/2006 150.59
7/23/2006 151.26 8/3/2006 150.91 8/14/2006 150.73 8/25/2006 150.50
7/23/2006 151.25 8/4/2006 150.90 8/15/2006 150.81 8/26/2006 150.54
7/24/2006 151.19 8/4/2006 150.80 8/15/2006 150.80 8/26/2006 150.56
7/24/2006 151.07 8/5/2006 150.67 8/16/2006 150.77 8/27/2006 150.52
7/25/2006 150.93 8/5/2006 150.72 8/16/2006 150.74 8/27/2006 150.44
7/25/2006 151.09 8/6/2006 150.75 8/17/2006 150.75 8/28/2006 150.35
7/26/2006 151.10 8/6/2006 150.71 8/17/2006 150.69 8/28/2006 150.31
7/26/2006 151.16 8/7/2006 150.59 8/18/2006 150.78 8/29/2006 150.60
7/27/2006 151.31 8/7/2006 150.42 8/18/2006 150.85 8/29/2006 150.84
7/27/2006 151.29 8/8/2006 150.41 8/19/2006 150.85 8/30/2006 151.10
7/28/2006 151.31 8/8/2006 150.62 8/19/2006 150.76 8/30/2006 151.18
7/28/2006 151.13 8/9/2006 150.79 8/20/2006 150.71 8/31/2006 151.21
7/29/2006 150.97 8/9/2006 150.87 8/20/2006 150.57 8/31/2006 151.16
7/29/2006 150.68
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Table 25: Water level data for Well N8 from 18 July to 31 August 2006 (highest and 
lowest measurements in bold).

Well N8

Date Water 
Level (ft) Date Water 

Level (ft) Date Water 
Level (ft) Date Water 

Level (ft)

7/18/2006 153.35 7/30/2006 153.07 8/10/2006 153.29 8/21/2006 152.80
7/19/2006 153.22 7/30/2006 153.05 8/10/2006 153.17 8/21/2006 152.85
7/19/2006 153.09 7/31/2006 153.10 8/11/2006 153.12 8/22/2006 152.86
7/20/2006 153.11 7/31/2006 153.04 8/11/2006 153.07 8/22/2006 152.85
7/20/2006 153.29 8/1/2006 153.02 8/12/2006 153.08 8/23/2006 152.86
7/21/2006 153.40 8/1/2006 153.07 8/12/2006 153.10 8/23/2006 152.86
7/21/2006 153.38 8/2/2006 153.26 8/13/2006 153.05 8/24/2006 152.89
7/22/2006 153.36 8/2/2006 153.37 8/13/2006 152.99 8/24/2006 152.92
7/22/2006 153.37 8/3/2006 153.37 8/14/2006 153.00 8/25/2006 152.87
7/23/2006 153.35 8/3/2006 153.26 8/14/2006 153.02 8/25/2006 152.78
7/23/2006 153.36 8/4/2006 153.24 8/15/2006 153.10 8/26/2006 152.81
7/24/2006 153.29 8/4/2006 153.14 8/15/2006 153.09 8/26/2006 152.83
7/24/2006 153.19 8/5/2006 153.01 8/16/2006 153.07 8/27/2006 152.79
7/25/2006 153.05 8/5/2006 153.07 8/16/2006 153.05 8/27/2006 152.71
7/25/2006 153.31 8/6/2006 153.09 8/17/2006 153.05 8/28/2006 152.71
7/26/2006 153.30 8/6/2006 153.04 8/17/2006 152.99 8/28/2006 153.13
7/26/2006 153.39 8/7/2006 152.91 8/18/2006 153.07 8/29/2006 153.31
7/27/2006 153.53 8/7/2006 152.75 8/18/2006 153.14 8/29/2006 153.64
7/27/2006 153.51 8/8/2006 152.74 8/19/2006 153.12 8/30/2006 153.74
7/28/2006 153.55 8/8/2006 153.00 8/19/2006 153.04 8/30/2006 153.85
7/28/2006 153.39 8/9/2006 153.13 8/20/2006 152.99 8/31/2006 153.89
7/29/2006 153.29 8/9/2006 153.23 8/20/2006 152.85 8/31/2006 153.82
7/29/2006 153.04
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Well N10 

Table 49: Well N10 slug test data. 
Depth to Static Water Level: 3.75 ft 
  

Slug Test 
Depth to Water 

Level (ft) Elapsed Time (sec) 

37 3.28 
40 3.45 
43 3.55 
46 3.60 
55 3.68 
60 3.70 
70 3.72 
91 3.73 
125 3.74 
215 3.75 

 

 

Figure 31: Well N10 slug test analysis. 
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Well E2 

Table 50: Well E2 pumping test data. 
Observation Well for Pump Test on E3 

Time 
(min) 

Water Level 
Displacement (ft) 

Time 
(min) 

Water Level 
Displacement (ft)

Time 
(min) 

Water Level 
Displacement (ft)

1 0 36 -0.0031 71 0 
2 -0.0011 37 -0.0044 72 -0.0006 
3 -0.0004 38 -0.0058 73 -0.0001 
4 0 39 -0.0063 74 -0.0009 
5 0.0003 40 -0.006 75 0.0002 
6 -0.0008 41 -0.0061 76 -0.0001 
7 -0.0008 42 -0.0067 77 -0.0004 
8 -0.0006 43 -0.0069 78 0.0005 
9 0.0002 44 -0.0074 79 0.0011 
10 -0.0001 45 -0.0073 80 0.0015 
11 -0.0006 46 -0.0073 81 0.0017 
12 -0.0006 47 -0.0078 82 0.0014 
13 -0.0005 48 -0.0067 83 0.0012 
14 -0.0013 49 -0.0076 84 0.0015 
15 -0.0013 50 -0.0072 85 0.0025 
16 -0.0002 51 -0.0062 86 0.0027 
17 0.0005 52 -0.006 87 0.0014 
18 0.0006 53 -0.0043 88 0.0015 
19 0.0005 54 -0.0034 89 0.002 
20 0.0005 55 -0.003 90 0.0023 
21 0.0003 56 -0.0023 91 0.0009 
22 0.0003 57 -0.0021 92 -0.0005 
23 0.0006 58 -0.0024 93 -0.0003 
24 0 59 -0.002 94 -0.0006 
25 0 60 -0.0022 95 -0.0005 
26 -0.0006 61 -0.0015 96 0 
27 0.0002 62 -0.0025 97 0.0005 
28 0.0002 63 -0.0009 98 0.0012 
29 -0.0007 64 -0.0003 99 0.0017 
30 -0.0002 65 0.0006 100 0.0018 
31 -0.0012 66 0.0009 101 -0.0003 
32 -0.0012 67 0 102 -0.0001 
33 -0.0018 68 -0.0007 103 0.0005 
34 -0.0013 69 -0.0004 104 0.0016 
35 -0.0036 70 -0.0005   

Note: A negative water level displacement indicates a rise in water level 
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Figure 32: Well E2 pumping test analysis. All drawdown data are less than the error 
range for the Leveloggers, and are therefore unreliable and uninterpretable. 
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Well E3 

Table 51: Well E3 pumping test data. 
Observation Well for Pump Test on E4 

Time 
(min) 

Water Level 
Displacement (ft) 

Time 
(min) 

Water Level 
Displacement (ft)

Time 
(min) 

Water Level 
Displacement (ft)

1 0 35 -0.0043 69 -0.0068 
2 0.0006 36 -0.004 70 -0.0075 
3 0 37 -0.0046 71 -0.0079 
4 -0.0015 38 -0.0055 72 -0.008 
5 -0.0012 39 -0.006 73 -0.0081 
6 -0.001 40 -0.0061 74 -0.0087 
7 -0.0009 41 -0.0062 75 -0.0079 
8 -0.001 42 -0.0068 76 -0.0086 
9 -0.0007 43 -0.0064 77 -0.0087 
10 -0.0008 44 -0.0051 78 -0.0093 
11 -0.0003 45 -0.0052 79 -0.0094 
12 -0.0002 46 -0.0048 80 -0.0096 
13 -0.0008 47 -0.0047 81 -0.0103 
14 -0.0013 48 -0.0056 82 -0.011 
15 -0.0015 49 -0.0047 83 -0.0112 
16 -0.0019 50 -0.0049 84 -0.0116 
17 -0.002 51 -0.0046 85 -0.0122 
18 -0.0023 52 -0.0063 86 -0.0127 
19 -0.0033 53 -0.0065 87 -0.013 
20 -0.0034 54 -0.006 88 -0.0135 
21 -0.0039 55 -0.0067 89 -0.013 
22 -0.0044 56 -0.0069 90 -0.0128 
23 -0.0046 57 -0.0074 91 -0.0127 
24 -0.0051 58 -0.007 92 -0.0126 
25 -0.0045 59 -0.0073 93 -0.0125 
26 -0.0045 60 -0.007 94 -0.0126 
27 -0.0044 61 -0.0072 95 -0.0126 
28 -0.0036 62 -0.0071 96 -0.0121 
29 -0.0041 63 -0.0065 97 -0.0123 
30 -0.0048 64 -0.007 98 -0.0125 
31 -0.0035 65 -0.0062 99 -0.0125 
32 -0.0039 66 -0.0071 100 -0.0131 
33 -0.0042 67 -0.0066 101 -0.0126 
34 -0.0044 68 -0.0066   

Note: A negative water level displacement indicates a rise in water level 
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Figure 33: Well E3 pumping test analysis. All drawdown data are less than the error 
range for the Leveloggers, and are therefore unreliable and uninterpretable. 
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Well E4 

Table 52: Well E4 pumping test data. 
Observation Well for Pump Test on E3 

Time 
(min) 

Water Level 
Displacement (ft) 

Time 
(min)

Water Level 
Displacement (ft)

Time 
(min)

Water Level 
Displacement (ft)

1 0 36 -0.0045 71 -0.0005 
2 -0.0002 37 -0.0055 72 -0.0009 
3 0.0016 38 -0.0062 73 -0.0007 
4 0 39 -0.0064 74 -0.0012 
5 -0.0002 40 -0.0069 75 0 
6 0 41 -0.0079 76 0.0008 
7 -0.0013 42 -0.0077 77 0.0004 
8 0.0002 43 -0.0084 78 0.0002 
9 -0.0008 44 -0.0073 79 0.0016 
10 -0.0001 45 -0.0088 80 0.0022 
11 -0.0008 46 -0.0079 81 0.0008 
12 -0.0006 47 -0.0073 82 0.0017 
13 -0.0019 48 -0.0081 83 0.0015 
14 -0.0011 49 -0.0074 84 0.0027 
15 -0.0005 50 -0.0067 85 0.0017 
16 0.0004 51 -0.0057 86 0.0012 
17 0 52 -0.0056 87 -0.0009 
18 -0.0001 53 -0.0044 88 0.0014 
19 -0.0003 54 -0.0045 89 0.0021 
20 0.0007 55 -0.0026 90 0.002 
21 0 56 -0.0022 91 -0.001 
22 0.0003 57 -0.0027 92 0 
23 0 58 -0.0022 93 -0.0005 
24 0 59 -0.0035 94 -0.0007 
25 -0.0003 60 -0.003 95 0.0003 
26 -0.0003 61 -0.0024 96 0.0008 
27 -0.0002 62 -0.0017 97 0.0018 
28 -0.001 63 -0.0018 98 0.0017 
29 -0.0011 64 -0.0006 99 0.001 
30 -0.0015 65 0.0004 100 -0.0004 
31 -0.0007 66 -0.0016 101 -0.0004 
32 -0.0024 67 -0.0013 102 -0.0007 
33 -0.0024 68 -0.0015 103 0.0012 
34 -0.0031 69 -0.0003 104 0.0004 
35 -0.004 70 0.0002   

Note: A negative water level displacement indicates a rise in water level 
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Figure 34: Well E4 pumping test analysis. All drawdown data are less than the error 
range for the Leveloggers, and are therefore unreliable and uninterpretable. 
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Well E5 

Table 53: Well E5 pumping test data. 
Observation Well for Pump Test on Well E6 

Time (min) 
Water Level 
Displacement 

(ft) 
Time (min)

Water Level 
Displacement 

(ft) 
Time (min) 

Water Level 
Displacement 

(ft) 
1 0 38 0.0097 75 0.0184 
2 0 39 0.0104 76 0.0194 
3 0 40 0.0105 77 0.0204 
4 0 41 0.01 78 0.0202 
5 0 42 0.0116 79 0.0203 
6 0 43 0.0109 80 0.0206 
7 0 44 0.0115 81 0.0211 
8 0 45 0.0113 82 0.0217 
9 0 46 0.0116 83 0.0223 
10 0 47 0.0113 84 0.021 
11 0 48 0.0117 85 0.0215 
12 0 49 0.0108 86 0.0216 
13 0 50 0.012 87 0.0218 
14 0 51 0.0136 88 0.0224 
15 0 52 0.0135 89 0.0228 
16 0 53 0.0139 90 0.0223 
17 0 54 0.0147 91 0.023 
18 0 55 0.015 92 0.0233 
19 0 56 0.0149 93 0.0233 
20 0 57 0.0146 94 0.0231 
21 0 58 0.0144 95 0.0231 
22 0 59 0.0147 96 0.0232 
23 0 60 0.0153 97 0.0233 
24 0 61 0.0163 98 0.0237 
25 0 62 0.017 99 0.0239 
26 0 63 0.0168 100 0.0239 
27 0.0003 64 0.017 101 0.0241 
28 0.0012 65 0.0167 102 0.0246 
29 0.0021 66 0.017 103 0.0251 
30 0.0029 67 0.0167 104 0.0256 
31 0.0041 68 0.017 105 0.0255 
32 0.0051 69 0.0178 106 0.0254 
33 0.0055 70 0.0177 107 0.0258 
34 0.0073 71 0.0177 108 0.0259 
35 0.0078 72 0.0182 109 0.0258 
36 0.0084 73 0.0185   
37 0.0093 74 0.018   
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Figure 35: Well E5 pumping test analysis. 
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Well E6 

Table 54: Well E6 pumping test data. 
Observation Well for Pump Test on E7 

Time 
(min) 

Water Level 
Displacement (ft) 

Time 
(min)

Water Level 
Displacement (ft)

Time 
(min)

Water Level 
Displacement (ft)

1 0 35 0.0018 69 0 
2 -0.0004 36 0.0002 70 0.0008 
3 0.0009 37 0.0008 71 0 
4 0.0003 38 0.0012 72 0.0012 
5 0.0007 39 0.0024 73 0.0006 
6 0.0013 40 0.0021 74 0 
7 0.0019 41 0.0029 75 0.0004 
8 0.002 42 0.0021 76 -0.0002 
9 0.0025 43 0.0024 77 -0.0007 
10 0.0008 44 0.0016 78 -0.0003 
11 0.0016 45 0.0023 79 -0.001 
12 0.002 46 0.002 80 -0.0018 
13 0.0016 47 0.003 81 -0.0019 
14 0.0019 48 0.0031 82 -0.0022 
15 0.002 49 0.0011 83 -0.0026 
16 0.0016 50 0.0022 84 -0.0021 
17 0.0014 51 0.0033 85 -0.0029 
18 0.003 52 0.0028 86 -0.0017 
19 0.0011 53 0.0026 87 -0.0008 
20 0.0021 54 0.0027 88 -0.0012 
21 0.0013 55 0.0023 89 0 
22 0.0019 56 0.0026 90 0 
23 0.0024 57 0.0033 91 0.0006 
24 0.0017 58 0.0037 92 0.0003 
25 0.0026 59 0.0023 93 -0.0002 
26 0.0015 60 0.0013 94 0.0012 
27 0.0012 61 0.0016 95 0.0014 
28 0.0022 62 0.0018 96 0.0012 
29 0.0024 63 0.0013 97 0.0005 
30 0.0008 64 0.0002 98 0.0002 
31 0.0016 65 0.0006 99 -0.001 
32 0.0011 66 0.0013 100 0.0003 
33 0 67 0.0011 101 -0.0012 
34 0.0013 68 0.0005   

Note: A negative water level displacement indicates a rise in water level 

 



 145

 

Figure 36: Well E6 pumping test analysis. All drawdown data are less than the error 
range for the Leveloggers, and are therefore unreliable and uninterpretable. 
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Well E7 

Table 55: Well E7 pumping test data. 
Observation Well for Pump Test on Well E6 

Time (min) 
Water Level 
Displacement 

(ft) 
Time (min)

Water Level 
Displacement 

(ft) 
Time (min) 

Water Level 
Displacement 

(ft) 
1 0 38 0.0095 75 0.0198 
2 0 39 0.01 76 0.0201 
3 0 40 0.01 77 0.02 
4 0 41 0.0106 78 0.0205 
5 0 42 0.0108 79 0.0214 
6 0 43 0.0117 80 0.0213 
7 0 44 0.0118 81 0.0222 
8 0 45 0.0113 82 0.022 
9 0 46 0.0117 83 0.0223 
10 0 47 0.012 84 0.0225 
11 0 48 0.0119 85 0.0222 
12 0 49 0.013 86 0.0229 
13 0 50 0.0122 87 0.0232 
14 0 51 0.0115 88 0.0234 
15 0 52 0.0132 89 0.0233 
16 0 53 0.0139 90 0.0234 
17 0 54 0.0141 91 0.0238 
18 0 55 0.0141 92 0.0242 
19 0 56 0.0152 93 0.0241 
20 0 57 0.0148 94 0.0245 
21 0 58 0.0148 95 0.0244 
22 0 59 0.015 96 0.0249 
23 0 60 0.0148 97 0.0242 
24 0 61 0.0153 98 0.0245 
25 0 62 0.0161 99 0.0248 
26 0 63 0.0166 100 0.0253 
27 0 64 0.0169 101 0.0263 
28 0 65 0.017 102 0.0259 
29 0.0011 66 0.0172 103 0.0267 
30 0.0021 67 0.018 104 0.0271 
31 0.0029 68 0.0174 105 0.0269 
32 0.0049 69 0.0186 106 0.0269 
33 0.0057 70 0.0186 107 0.0274 
34 0.0062 71 0.0175 108 0.0276 
35 0.0074 72 0.0191 109 0.0282 
36 0.0082 73 0.0191   
37 0.009 74 0.0195   
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Figure 37: Well E7 pumping test analysis. 
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Well E8 

Table 56: Well E8 pumping test data. 
Observation Well for Pump Test on E7 

Time 
(min) 

Water Level 
Displacement (ft) 

Time 
(min) 

Water Level 
Displacement (ft)

Time 
(min) 

Water Level 
Displacement (ft)

1 0 35 -0.0013 69 -0.002 
2 -0.0004 36 -0.0015 70 -0.0011 
3 -0.0004 37 -0.0025 71 -0.0015 
4 -0.0004 38 -0.0018 72 -0.0018 
5 -0.0007 39 -0.0008 73 -0.0026 
6 -0.0004 40 -0.0009 74 -0.003 
7 0.0009 41 -0.0013 75 -0.0018 
8 0.0001 42 0.0003 76 -0.0032 
9 0.0005 43 -0.0007 77 -0.0023 
10 0.0003 44 0.0002 78 -0.003 
11 -0.0002 45 0.0004 79 -0.004 
12 0.0007 46 0.0001 80 -0.0042 
13 0.0007 47 0.0003 81 -0.0036 
14 0.0003 48 0.0013 82 -0.0039 
15 0.0011 49 0.0001 83 -0.0036 
16 0.0001 50 0 84 -0.0036 
17 -0.0002 51 0.0004 85 -0.0033 
18 0.0001 52 0.0006 86 -0.0026 
19 -0.0013 53 -0.0011 87 -0.0029 
20 -0.0012 54 0.0016 88 -0.0025 
21 -0.0014 55 0.0005 89 -0.0011 
22 -0.0003 56 0 90 -0.0016 
23 -0.0004 57 -0.0002 91 -0.0005 
24 -0.0004 58 0.0007 92 -0.0012 
25 -0.0003 59 -0.0007 93 -0.0004 
26 -0.0003 60 0 94 -0.0004 
27 -0.0009 61 -0.0008 95 0.0004 
28 -0.001 62 -0.0007 96 -0.0002 
29 -0.0018 63 -0.0007 97 -0.0015 
30 -0.0014 64 -0.0012 98 -0.002 
31 -0.002 65 -0.0009 99 -0.0033 
32 -0.0022 66 -0.0009 100 -0.0014 
33 -0.0023 67 -0.0013 101 -0.0027 
34 -0.0013 68 -0.0012   

Note: A negative water level displacement indicates a rise in water level 
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Figure 38: Well E8 pumping test analysis. All drawdown data are less than the error 
range for the Leveloggers, and are therefore unreliable and uninterpretable. 
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Well E9 

Table 57: Well E9 pumping test data. 
Observation Well for Pump Test on Well E8 

Time (min) 
Water Level 
Displacement 

(ft) 
Time (min)

Water Level 
Displacement 

(ft) 
Time (min) 

Water Level 
Displacement 

(ft) 
1 0 35 0.0039 69 0.003 
2 0 36 0.0038 70 0.0024 
3 0 37 0.0051 71 0.0013 
4 0 38 0.004 72 0.0017 
5 0 39 0.0049 73 0.0007 
6 0 40 0.0055 74 0.0013 
7 0 41 0.0046 75 0.001 
8 0 42 0.0046 76 0.0016 
9 0 43 0.0046 77 0.0027 
10 0 44 0.0042 78 0.0014 
11 0 45 0.0043 79 0.0025 
12 0 46 0.0047 80 0.0023 
13 0 47 0.0048 81 0.0024 
14 0 48 0.0045 82 0.0024 
15 0 49 0.0046 83 0.0019 
16 0 50 0.0042 84 0.0017 
17 0 51 0.0041 85 0.0026 
18 0 52 0.0041 86 0.0018 
19 0.0013 53 0.0033 87 0.0032 
20 0.0009 54 0.0032 88 0.003 
21 0.002 55 0.0035 89 0.0025 
22 0.0016 56 0.0036 90 0.0028 
23 0.0033 57 0.0031 91 0.0021 
24 0.0034 58 0.0025 92 0.0018 
25 0.0032 59 0.0023 93 0.001 
26 0.003 60 0.0024 94 0.0013 
27 0.0034 61 0.0024 95 0.0014 
28 0.0029 62 0.0021 96 0.0008 
29 0.0039 63 0.0029 97 0.0005 
30 0.0053 64 0.003 98 0.0007 
31 0.0044 65 0.0025 99 0.0008 
32 0.0033 66 0.0027 100 0.0008 
33 0.0047 67 0.0023 101 0.001 
34 0.0037 68 0.0026 102 0.0017 
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A. Governing flow equation under unconfined conditions: 

 ∂/∂x (Kx * ∂h/∂x) + ∂/∂y (Ky * ∂h/∂y) + ∂/∂z (Kz * ∂h/∂z) = (Sy * ∂h/∂t) – R 
where 
 Kx = Hydraulic conductivity tensor in the “x” direction 
 Ky = Hydraulic conductivity tensor in the “y” direction 
 Kz = Hydraulic conductivity tensor in the “z” direction 
 h = Saturated aquifer thickness 
 Sy = Specific yield 
 t = Time 
 R = General sink/source term 
 
B. Leakage to/from streams: 
 
 L = QL/A = K’z/b’(hsource – h) 
where 
 L = Leakage flux 
 QL = Volumetric flux 
 A = Area of cell through which leakage occurs 
 K’z = Vertical hydraulic conductivity of stream/aquifer interface 
 b’ = Stream/aquifer interface thickness 
 hsource = Head in stream 
 h = Head in aquifer immediately adjacent to stream 
 
C. Manning’s roughness equation: 
  
 d = (Qn/CwS1/2)3/5 
where 
 d = Stream stage 
 Q = Discharge in stream segment 
 n = Manning’s roughness coefficient 
 C = Constant equal to 1.486 when working with feet/second units 
 w = Stream width 
 S = Slope of streambed 

 
 


