




Memorandum
  
 
 
August 15, 2013  
 
To:   Gastón Leone 
 
From:   Aaron Kempf 
 
Re:  Texas Custodial Trust 

Former ASARCO Smelter Site, El Paso, Texas 
 
Subject:  Hydraulic Permeability Estimate Methods and Results 
 

INTRODUCTION 
Hydraulic conductivity describes the ability of groundwater to move through a given water-
bearing unit, and is a function of intrinsic permeability and the fluid properties viscosity and 
density.  The hydraulic conductivity of the water-bearing unit near a monitoring well can be 
assessed by inserting or removing a volume of water from the tested well and measuring the 
water level response.  This technical memorandum summarizes previous hydraulic conductivity 
estimates made for groundwater monitoring wells screened in alluvial sediment and bedrock at 
the Former Asarco Smelter, located in El Paso, Texas.  Testing methods summarized in this 
memorandum include slug testing, pumping tests and pumping during low-flow sampling.  
Water level data collected during each test were fit with analytical solutions to provide estimates 
of hydraulic conductivity.   
 
HYDRAULIC CONDUCTIVITY TESTING METHOD REVIEW 
 
Field testing designed to collect data used to estimate hydraulic conductivity can include slug 
testing and pumping tests.  Slug testing involves creating a rapid change in the static well water 
column and monitoring the return to static conditions.  This response is a result of groundwater 
entering or leaving the monitoring well during rising- and falling-head slug tests, respectively.  
The rate of water level response is a function of the permeability of the water-bearing unit, which 
can be quantified by fitting the observed water levels with analytical solutions to provide 
estimates of hydraulic conductivity.   
 
Pumping tests are conducted by extracting groundwater from the test well and observing the 
water level response in the pumping well and nearby observation wells.  The pumping rate can 
vary depending on site conditions and the objective of the testing.  Pumping at higher discharge 
rates generally results in a significant water level drawdown in the pumping well, which in some 
cases may not accurately represent water levels in the water-bearing unit.  The water level of the 
water-bearing unit is best represented at observation wells during tests where the discharge rate 
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Bedrock Well Slug Tests 
 
The Trust performed falling-head slug tests at bedrock monitoring wells EM-04 and EM-06 in 
June 2013.  The water levels of slug tests conducted at wells EM-04 and EM-06 were recorded 
using a pressure transducer and datalogger, in addition to manual water level measurements.  
Water levels were allowed to recover to static conditions after the slug was inserted (EM-04 and 
EM-06) and the recovery data were analyzed using the Bouwer-Rice Analytical Solution 
(Bouwer and Rice 1976). 
 
Additionally, the water level equilibration of bedrock monitoring well EM-01 following well 
installation, which required several years to occur, was evaluated as a slug test. Water levels in 
monitoring well EM-01 were gauged manually on a quarterly basis and the recovery data were 
analyzed using the Bouwer-Rice Analytical Solution (Bouwer and Rice 1976).  The estimated 
hydraulic conductivities of bedrock monitoring wells EM-01, EM-04, and EM-06 are 1.1 x 10-5, 
2.3 x 10-4, and 0.51 ft/day, respectively (Table 1, Figure 1, Appendix C).   
 
 
CONCLUSION 

Previous hydraulic conductivity estimates of the alluvium water-bearing unit and bedrock were 
made by evaluating the water level responses resulting from slug testing and pumping tests.  In 
several instances, more than one test was implemented at a given monitoring well, enabling a 
comparison of hydraulic conductivity estimates resulting from different test methods.  Also, the 
hydraulic conductivity estimates of wells screened in bedrock are lower than nearby wells 
screened in alluvium.  The compilation of these hydraulic conductivity estimates are a key 
component of the conceptual site model and will support the groundwater remedy design and 
implementation.  
 

  

 





Table 1
Summary of Previous Hydraulic Conductivity Estimates

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Well ID Pumping Tests by 
Hydrometrics in 1990 (ft/day)

Slug Tests by Hydrometrics 
in 1997 (ft/day)

Pumping Tests by 
ARCADIS 2004 (ft/day)

Slug Tests by ARCADIS 
2004 (ft/day)

Pumping Tests by CDM 
in 2009 (ft/day)

Low-flow Pumping Tests 
by ARCADIS 2011 (ft/day)

Bedrock Well Slug Tests 
(ft/day)

EM-01 -- -- -- -- -- -- 1.1E-05
EM-04 -- -- -- -- -- -- 2.3E-04
EM-06 -- -- -- 0.28 -- -- 0.51
EP-105 -- -- -- 0.18 -- -- --
EP-108 -- -- -- 0.79 -- -- --
EP-109 -- -- -- 0.69 -- -- --
EP-112 -- -- -- 44.3 -- -- --
EP-114 -- -- -- 3.8 -- -- --
EP-119 -- -- -- 6.3 -- >15 --
EP-12 0.4 -- 0.40 0.22 -- 0.70 --

EP-120 -- -- -- 1.3 -- 1.5 --
EP-121 -- -- -- 3.6 -- -- --
EP-122 -- -- -- 26.3 -- >17 --
EP-123 -- -- -- 18.3 -- -- --
EP-124 -- -- -- 3.2 -- -- --
EP-125 -- -- -- 2.0 -- -- --
EP-128 -- -- -- 66.4 -- -- --
EP-129 -- -- -- 2.4 -- -- --
EP-13 -- -- -- -- -- 0.51 --

EP-131 -- -- -- 4.6 -- -- --
EP-132 -- -- 10.2 1.6 -- 10.2 --
EP-133 -- -- -- 29.6 -- >16 --
EP-134 -- -- -- 19.7 -- -- --
EP-135 -- -- -- 0.49 -- 1.3 --
EP-139 -- -- -- -- -- 20.2 --
EP-14 -- -- -- 1.5 -- -- --

EP-146 -- -- -- -- -- 2.9 --
EP-147 -- -- -- -- -- 4.4 --
EP-17 1.5 -- -- -- -- -- --
EP-29 -- -- -- 6.7 -- -- --
EP-4 -- -- -- -- -- 21.7 --

EP-49 -- -- -- -- -- 0.28 --
EP-51 -- 4.7 4.7 -- -- 0.66 --
EP-52 -- -- -- -- -- 0.39 --
EP-53 -- 2.4 10.9 -- -- -- --
EP-54 -- -- -- 0.26 -- 0.72 --
EP-56 -- 5.3 5.3 -- -- -- --
EP-58 -- -- -- -- -- 1.9 --
EP-59 -- -- -- 3.2 -- -- --
EP-6 -- -- -- -- -- >56 --

EP-61 -- -- -- 1.4 -- -- --
EP-62 -- -- -- -- -- >16 --
EP-67 -- -- -- 3.2 -- -- --
EP-68 -- -- -- 2.2 -- 2.9 --
EP-7 -- -- -- -- -- 24.2 --

EP-71 -- -- -- -- -- >9 --
EP-73 -- -- -- 3.9 -- -- --
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Table 1
Summary of Previous Hydraulic Conductivity Estimates

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Well ID Pumping Tests by 
Hydrometrics in 1990 (ft/day)

Slug Tests by Hydrometrics 
in 1997 (ft/day)

Pumping Tests by 
ARCADIS 2004 (ft/day)

Slug Tests by ARCADIS 
2004 (ft/day)

Pumping Tests by CDM 
in 2009 (ft/day)

Low-flow Pumping Tests 
by ARCADIS 2011 (ft/day)

Bedrock Well Slug Tests 
(ft/day)

EP-75 -- -- -- -- -- 0.23 --
EP-76 -- 10.9 4.7 -- -- -- --
EP-77 -- -- -- -- -- 3.9 --
EP-78 -- -- -- 17.8 -- >14 --
EP-79 -- -- -- 2.8 -- -- --
EP-80 -- -- -- 3.0 -- -- --
EP-81 -- -- -- 1.4 -- 2.9 --
EP-82 -- -- -- 6.6 -- -- --
EP-83 -- -- -- 3.2 -- -- --
EP-84 -- -- -- 96.9 -- 0.96 --
EP-85 -- -- -- -- -- >24 --
EP-90 -- -- -- 0.72 -- -- --
EP-93 -- -- -- 1.3 -- -- --
EP-94 -- -- -- 3.1 -- -- --
EP-95 -- -- -- 18.1 -- >4 --
EP-97 -- -- -- 5.3 -- -- --
EP-98 -- -- -- 0.73 -- -- --
EX-1 -- -- -- -- 362 -- --
EX-2 -- -- -- -- 400 -- --
EX-3 -- -- -- -- 116 -- --
EX-4 -- -- -- -- 25 -- --
EX-9 -- -- -- -- 2.1 -- --

MW-131 -- -- 25.1 17.8 -- -- --
MW-132D -- -- -- 381 -- -- --
MW-132S -- -- -- 17.9 -- -- --

MW-49 -- -- 3.2 -- -- -- --
OBS-1 -- -- -- -- -- >5 --

Notes
ft/day = feet per day
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 15.5 L (ft) 8.4
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 3.43 0.416667 DD (ft) 1.75 0.4166667
L/rw 93.0 L/rw 50.3
C (from eqn) 4.04 C (from eqn 2.66
ln(Re/r) 5.03 ln(Re/r) 4.37
K(ft/day) 0.23 8.1E-05 (cm/sec) K(ft/day) 0.72 2.6E-04 (cm/sec)
Re(ft) 11.1 Re(ft) 6.4

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

7:25 72.92 0 0 9:30 72.36
7:30 0.40 74.3 5 1.38 9:35 0.40 72.89 5 0.53
7:35 0.79 74.85 10 1.93 9:40 0.79 72.99 10 0.63
7:40 1.19 75.45 15 2.53 9:45 1.19 73.23 15 0.87
7:45 1.59 75.84 20 2.92 9:50 1.59 73.41 20 1.05
7:50 1.98 75.88 25 2.96 9:55 1.98 73.62 25 1.26
7:55 2.38 76.14 30 3.22 10:00 2.38 73.86 30 1.5
8:00 2.78 76.17 35 3.25 10:05 2.78 74.11 35 1.75
8:05 3.17 76.12 40 3.2
8:10 3.57 76.16 45 3.24
8:15 3.97 76.28 50 3.36 Q (ml/min) 300
8:20 4.37 76.3 55 3.38 Q (gpm) 0.079
8:25 4.76 76.3 60 3.38
8:30 5.16 76.31 65 3.39
8:35 5.56 76.27 70 3.35
8:40 5.95 76.3 75 3.38
8:45 6.35 76.31 80 3.39
8:50 6.75 76.35 85 3.43

Q (ml/min) 300
Q (gpm) 0.079

EP-75 EP-54
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 12.8 L (ft) 2.8
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 0.6 0.4166667 DD (ft) 2.89 0.416667
L/rw 76.8 L/rw 16.8
C (from eqn 3.54 C (from eqn 1.45
ln(Re/r) 4.83 ln(Re/r) 3.20
K(ft/day) 1.53 5.4E-04 (cm/sec) K(ft/day) 0.96 3.4E-04 (cm/sec)
Re(ft) 9.3 Re(ft) 2.4

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

10:05 23.41 7:30 12
10:10 0.40 23.83 5 0.42 7:35 0.40 12.95 5 0.95
10:15 0.79 23.78 10 0.37 7:40 0.79 13.68 10 1.68
10:20 1.19 23.88 15 0.47 7:45 1.19 13.94 15 1.94
10:25 1.59 23.91 20 0.5 7:50 1.59 14.05 20 2.05
10:30 1.98 23.94 25 0.53 7:55 1.98 14.17 25 2.17
10:35 2.38 24.01 30 0.6 8:05 2.78 14.36 35 2.36

8:10 3.17 14.89 40 2.89

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-120 EP-84
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 13.4 L (ft) 15.9
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 3.21 0.416667 DD (ft) 1.97 0.416667
L/rw 80.2 L/rw 95.2
C (from eqn 3.64 C (from eqn 4.11
ln(Re/r) 4.87 ln(Re/r) 5.06
K(ft/day) 0.28 9.7E-05 (cm/sec) K(ft/day) 0.39 1.4E-04 (cm/sec)
Re(ft) 9.7 Re(ft) 11.3

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

10:45 66.9 1:30 55.65
10:50 0.40 68.9 5 2 1:35 0.40 56.32 5 0.67
10:55 0.79 69.26 10 2.36 1:40 0.79 56.59 10 0.94
11:00 1.19 69.56 15 2.66 1:45 1.19 56.84 15 1.19
11:05 1.59 69.73 20 2.83 1:50 1.59 57.14 20 1.49
11:10 1.98 69.86 25 2.96 1:55 1.98 57.42 25 1.77
11:15 2.38 69.97 30 3.07 2:00 2.38 57.62 30 1.97
11:20 2.78 70.04 35 3.14
11:25 3.17 70.11 40 3.21

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-49 EP-52
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 10.4 L (ft) 7.9
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 1.55 0.416667 DD (ft) 2.61 0.416667
L/rw 62.2 L/rw 47.6
C (from eqn 3.06 C (from eqn 2.57
ln(Re/r) 4.60 ln(Re/r) 4.31
K(ft/day) 0.70 2.5E-04 (cm/sec) K(ft/day) 0.51 1.8E-04 (cm/sec)
Re(ft) 7.7 Re(ft) 6.1

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

10:25 61.2 12:45 63.8
10:30 0.40 61.64 5 0.44 12:50 0.40 64.98 5 1.18
10:35 0.79 61.92 10 0.72 12:55 0.79 65.3 10 1.5
10:40 1.19 62.19 15 0.99 13:00 1.19 65.69 15 1.89
10:45 1.59 62.39 20 1.19 13:05 1.59 65.98 20 2.18
10:50 1.98 62.59 25 1.39 13:10 1.98 66.17 25 2.37
10:55 2.38 62.75 30 1.55 13:15 2.38 66.32 30 2.52

13:20 2.78 66.41 35 2.61

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-12 EP-13
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 14.3 L (ft) 9.7
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 1.27 0.416667 DD (ft) 0.29 0.416667
L/rw 86.0 L/rw 58.4
C (from eqn 3.83 C (from eqn 2.93
ln(Re/r) 4.95 ln(Re/r) 4.53
K(ft/day) 0.66 2.3E-04 (cm/sec) K(ft/day) 3.90 1.4E-03 (cm/sec)
Re(ft) 10.3 Re(ft) 7.3

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

7:25 54.84 7:25 47.52
7:30 0.40 55.05 5 0.21 7:30 0.40 47.78 5 0.26
7:35 0.79 55.21 10 0.37 7:35 0.79 47.79 10 0.27
7:40 1.19 55.36 15 0.52 7:40 1.19 47.79 15 0.27
7:45 1.59 55.5 20 0.66 7:45 1.59 47.79 20 0.27
7:50 1.98 55.61 25 0.77 7:50 1.98 47.8 25 0.28
7:55 2.38 55.71 30 0.87 7:55 2.38 47.81 30 0.29
8:00 2.78 55.82 35 0.98 8:00 2.78 47.81 35 0.29
8:05 3.17 55.94 40 1.1
8:10 3.57 56.02 45 1.18
8:15 3.97 56.11 50 1.27

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-51 EP-77
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 19.1 L (ft) 8.5
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 0.23 0.416667 DD (ft) 0.44 0.416667
L/rw 114.8 L/rw 50.7
C (from eqn 4.68 C (from eqn 2.67
ln(Re/r) 5.26 ln(Re/r) 4.38
K(ft/day) 2.91 1.0E-03 (cm/sec) K(ft/day) 2.86 1.0E-03 (cm/sec)
Re(ft) 13.4 Re(ft) 6.4

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

8:40 65.58 11:10 19.75
8:45 0.40 65.84 5 0.26 11:15 0.40 19.93 5 0.18
8:50 0.79 65.8 10 0.22 11:20 0.79 20.03 10 0.28
8:55 1.19 65.82 15 0.24 11:25 1.19 20.09 15 0.34
9:00 1.59 65.8 20 0.22 11:30 1.59 20.12 20 0.37
9:05 1.98 65.81 25 0.23 11:35 1.98 20.16 25 0.41
9:10 2.38 65.81 30 0.23 11:40 2.38 20.19 30 0.44

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-81EP-68
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 15.7 L (ft) 14.8
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 0.41 0.416667 DD (ft) 0.08 0.416667
L/rw 94.3 L/rw 89.0
C (from eqn 4.08 C (from eqn 3.92
ln(Re/r) 5.05 ln(Re/r) 4.99
K(ft/day) 1.91 6.7E-04 (cm/sec) K(ft/day) 10.21 3.6E-03 (cm/sec)
Re(ft) 11.2 Re(ft) 10.7

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

9:50 13 12:45 12.49
9:55 0.40 13.32 5 0.32 12:50 0.40 12.58 5 0.09

10:00 0.79 13.38 10 0.38 12:55 0.79 12.59 10 0.1
10:05 1.19 13.41 15 0.41 13:00 1.19 12.58 15 0.09
10:10 1.59 13.41 20 0.41 13:05 1.59 12.57 20 0.08
10:15 1.98 13.41 25 0.41 13:10 1.98 12.57 25 0.08
10:20 2.38 13.41 30 0.41 13:15 2.38 12.57 30 0.08

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-58 EP-132
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 0.079 15.27884 (ft3/day)
L (ft) 16.2 L (ft) 4.0
r (ft) 0.166667 r (ft) 0.166667
DD (ft) 0.6 0.416667 DD (ft) 0.1 0.416667
L/rw 97.0 L/rw 24.0
C (from eqn 4.16 C (from eqn 1.72
ln(Re/r) 5.08 ln(Re/r) 3.57
K(ft/day) 1.27 4.5E-04 (cm/sec) K(ft/day) 21.73 7.7E-03 (cm/sec)
Re(ft) 11.5 Re(ft) 3.3

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

13:45 11.62 8:20 6.71
13:50 0.40 11.84 5 0.22 8:25 0.40 6.83 5 0.12
13:55 0.79 11.94 10 0.32 8:30 0.79 6.82 10 0.11
14:00 1.19 12.03 15 0.41 8:35 1.19 6.81 15 0.1
14:05 1.59 12.1 20 0.48 8:40 1.59 6.81 20 0.1
14:10 1.98 12.15 25 0.53 8:45 1.98 6.81 25 0.1
14:15 2.38 12.18 30 0.56 8:50 2.38 6.81 30 0.1
14:20 2.78 12.21 35 0.59
14:25 3.17 12.22 40 0.6

Q (ml/min) 300 Q (ml/min) 300
Q (gpm) 0.079 Q (gpm) 0.079

EP-135 EP-4
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 0.079 15.27884 (ft3/day) Q(gpm) 1.050 202.139 (ft3/day)
L (ft) 3.5 L (ft) 16.6
r (ft) 0.083333 r (ft) 0.083333
DD (ft) 0.12 0.416667 DD (ft) 3.96 0.416667
L/rw 41.9 L/rw 199.1
C (from eqn 2.37 C (from eqn 6.75
ln(Re/r) 4.17 ln(Re/r) 5.86
K(ft/day) 24.22 8.5E-03 (cm/sec) K(ft/day) 2.87 1.0E-03 (cm/sec)
Re(ft) 2.7 Re(ft) 11.1

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

10:00 6.36 13:10 10.44
10:05 0.40 6.48 5 0.12 14:00 55.00 14.61 50 4.17
10:10 0.79 6.48 10 0.12 14:30 85.00 14.41 80 3.97
10:15 1.19 6.48 15 0.12 14:50 105.00 14.4 100 3.96
10:20 1.59 6.48 20 0.12
10:25 1.98 6.48 25 0.12
10:30 2.38 6.48 30 0.12

Q (ml/min) 300 Q (ml/min) 3969
Q (gpm) 0.079 Q (gpm) 1.050

EP-7 EP-146
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Appendix B: Low-Flow Pumping Test Data Evaluation

Review of Site-wide Estimated Hydraulic Conductivity Values
Former ASARCO Smelter Site

Q(gpm) 1.750 336.8984 (ft3/day) Q(gpm) 1.204 231.7291 (ft3/day)
L (ft) 19.0 L (ft) 20.6
r (ft) 0.083333 r (ft) 0.083333
DD (ft) 3.91 0.416667 DD (ft) 0.54 0.416667
L/rw 227.4 L/rw 247.4
C (from eqn 7.33 C (from eqn 7.70
ln(Re/r) 6.00 ln(Re/r) 6.10
K(ft/day) 4.35 1.5E-03 (cm/sec) K(ft/day) 20.19 7.1E-03 (cm/sec)
Re(ft) 12.5 Re(ft) 13.5

Time Vol DTW Time DD Time Vol DTW Time DD
time (gal) (ft) (min) (ft) time (gal) (ft) (min) (ft)

15:15 8.5 13:15 25.00 8.98
15:45 55.00 12.21 30 3.71 13:19 30.00 9.5 4 0.52
16:15 105.00 12.41 60 3.91 13:25 35.00 9.52 10 0.54

13:29 40.00 9.45 14 0.47
13:33 45.00 9.45 18 0.47
13:37 50.00 9.45 22 0.47
13:41 55.00 9.45 26 0.47
13:45 60.00 9.45 30 0.47
13:49 65.00 9.45 34 0.47
13:53 70.00 9.45 38 0.47
13:57 75.00 9.45 42 0.47
14:01 80.00 9.45 46 0.47
14:05 85.00 9.45 50 0.47

Q (ml/min) 6615 14:09 90.00 9.45 54 0.47
Q (gpm) 1.750

Q (ml/min) 4550
Q (gpm) 1.204

EP-147 EP-139
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