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MODEL OBJECTIVES 

In order to further understand groundwater flow and potential impacts of remedy pumping operations at 
the CSX Transportation, Inc (CSXT). Waycross Yard located in Waycross, Georgia (Site) a numerical 
groundwater flow model was developed. The groundwater flow model was developed using available Site 
and regional data and was calibrated to recent observed water levels. The calibrated groundwater flow 
model was then utilized to evaluate the hydraulic control of the delineated groundwater impacts under 
current remedy horizontal and vertical pumping wells. 

GROUNDWATER FLOW MODEL 

Groundwater Flow Modeling Software 

The groundwater flow component of the modeling task was performed using the Modular Three-
Dimensional Finite-Difference Groundwater Flow Model, widely known as MODFLOW (McDonald and 
Harbaugh, 1988). MODFLOW was originally distributed by the USGS. The version of MODFLOW used in 
this modeling task was based on the 1988 version MODFLOW, updated to include the most recent 
packages from the USGS. Key packages included with the current version of MODFLOW are an 
integration of the BCF3 (Goode and Appel, 1993) and LPF (Harbaugh et al., 2000) packages, spatially 
varying anisotropy (Kladias and Ruskauff, 1997), evaporation 2 package (Niswonger, et al., 2011), 
parameter estimation, and updated solvers (Niswonger, et al., 2011; Mehl and Hill, 2001). Data input is 
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formatted, similar to MODFLOW-88 and MODFLOW-SURFACT (HydroGeoLogic, 1996), to enhance 
portability to other versions of MODFLOW and to simplify QAQC of data input files. 

Model Domain 

The groundwater flow model domain covers an area of approximately 3.9 square miles. The model 
domain extents were located a sufficient distance from the area of concern to reduce the potential for 
boundary effects. The northwestern and southern model boundaries align with unnamed intermittent 
surface water features. The northeastern model boundary aligns with the City Drainage Canal. The 
northern and eastern model boundaries align with interpolated regional groundwater flow paths and 
isocontours, respectively.  The model was not rotated as the finite difference grid is generally aligned with 
the primary direction of groundwater flow in the vicinity of the Site which minimizes the potential for 
numerical erroring of the groundwater flow model. The groundwater flow model domain is shown in Figure 
1. 

Model Structure 

The model was vertically discretized into 5 layers to represent the hydrostratigraphic units (HSUs) present 
at the Site as shown in cross-sectional view in Figure 2. The three more transmissive units comprised of 
silty sands and loose silty sands, Zones I, III, and V, are represented by model layers 1, 3, and 5, 
respectively. The less transmissive units comprised primarily of silty clay or sandy clay, Zones II and IV, 
are represented by model layers 2 and 4, respectively. The base of the model represents the stiff green 
clay of the Hawthorn Formation, as minimal groundwater flow occurs between the Hawthorn Formation 
and the overlying sediments. Model layer elevations were interpolated based on available Site boring logs, 
and changes in hydraulic conductivity zones were applied in areas where specific units were not 
encountered. 

The finite difference grid is a telescopic mesh with finer grid cell resolution in the area of concern (Site) 
that grades up to a coarser grid cell dimensions towards the model domain extents. The grid cell 
dimensions vary from 10 ft x 10 ft in the area of concern up to 200 ft x 200 ft at the model perimeter 
(Figure 1). Adjacent grid cell dimensions do not vary by greater than 50% to reduce the potential for 
numerical error. The finite difference grid consists of 376 rows, 506 columns, and 5 layers for a total of 
951,280 grid cells. 

Hydraulic Parameters and Boundary Conditions 

Recharge 

Typical recharge from precipitation values are approximately 5% to 25% of the annual average 

precipitation rates. The average annual precipitation for the city of Waycross, Georgia is 50 in/yr 

(https://www.usclimatedata.com/climate/waycross/georgia/united-states/usga0610). The simulated 

recharge value refined during the model calibration was at the lower end of the typical recharge range at a 

value of 2.5 in/yr (5% of the annual precipitation rate). 

Hydraulic Conductivity 

Initial estimates for hydraulic conductivity were guided by available Site aquifer testing data and lithologic 

descriptions of the 5 zones encountered at the Site. During the model calibration process, the hydraulic 

conductivities were refined based on professional judgement. The final calibrated hydraulic conductivity 

values simulated in the model are shown in Table 1: 
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Table 1. Simulated Hydraulic Conductivity Values 

Model 

Layer 

Corresponding 

HSU Zone 

Horizontal Hydraulic 

Conductivity Range 

(ft/day) 

Vertical / Horizontal 

Hydraulic 

Conductivity Ratio 

Notes 

1 Zone I 5.0 1 / 10 
Limited monitoring well data 

available in Zone 1 

2 Zone II 2.0 1 / 10 

Higher than anticipated 

values supported by 

migration of mass through 

Zone II to Zone III 

3 Zone III 5.0 to 15.0 1 / 10 
Primary Zone of impacted 

groundwater 

4 Zone IV 0.01 1 / 100 

Holes in clay unit simulated 

where not present in boring 

logs; balance of unit 

relatively tight given the lack 

of response in Zone III when 

pumping HWW-5 in Zone V 

5 Zone 5 3.0 to 7.0 1 / 10 

Primarily characterized due 

to water level response near 

Zone V 

Surface Water Features 

The regional unnamed intermittent surface water features were simulated as drain cell boundary 

conditions that only allow removal of water from the model if groundwater levels exceed elevation of a 

drain feature. The City Drainage Canals were simulated as river cells to either serve as a drain to 

groundwater, or a recharge source depending on the groundwater elevation relative to the defined 

elevation of the canal. Elevations of both the unnamed intermittent surface water features and City 

Drainage Canals were estimated from topographic maps of the area. The simulated surface water features 

are shown in Figure 3. 

Constant Head Boundaries 

The constant head boundaries were simulated at the extents of the active model domain to represent the 

regional groundwater flow through the deeper Zones of the model. The elevations of these constant head 

cells were interpolated from the regional groundwater flow through the Site. The constant head cells were 

located a sufficient distance from the Site to minimize the potential for boundary effects. The simulated 

constant head cells are shown in Figure 3. 
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Extraction Wells 

The only active extraction wells within the model are associated with the Site recovery system consisting 

of 5 horizontal wells and 11 vertical wells. The cumulative rate for the vertical wells was evenly distributed 

across all 11 vertical wells as individual vertical well flow rates are not available. The horizontal wells were 

simulated as a continuous series of wells located only along the screened portion of the horizontal 

extraction well. The horizontal well extraction rate for each of the horizontal wells were then evenly 

distributed across the cells representing the screened portion of the horizontal well. The locations of the 

simulated extraction wells are shown in Figure 3. 

Groundwater Flow Model Calibration 

Calibration of a groundwater flow model refers to the iterative process of systematically adjusting the 

model boundary conditions and input parameters within a justifiable and generally accepted range of 

values to obtain as close a match between observed and simulated water levels. The generally-accepted 

process for comparison of simulated and observed water levels is summarized in ASTM Standard D-5490-

93 (ASTM 1994) and utilizes the concept of residuals – which is the difference between the simulated and 

observed water level.  

The residuals are evaluated using standard statistical measures; residual sum-of-squares (RSS), 

variance, and mean. The standard deviation (the square root of the variance) is the median error and 

needs to be small compared to the range in observed data. A well calibrated model will reproduce 

observed water levels with a maximum median error of 10% or less of the difference between the largest 

and smallest observed water level (Anderson and Woessner, 1992). The calibration process also 

evaluates the residuals using the residual mean. 

The groundwater modelling calibration was performed under steady-state conditions based on data from a 

synoptic water-level round conducted on October 21, 2019 representative of groundwater flow conditions 

under active remedy pumping. The calibration data set consists of 128 observed Site water levels under 

the following pumping rates shown in Table 2: 

Table 2. Calibration extraction well rates 

Well Type 
Rate 

(gpm) 

HWW-1 Horizontal Well (Zone III) 34 

HWW-2 Horizontal Well (Zone III) 10.3 

HWW-3 Horizontal Well (Zone III) 5 

HWW-4 Horizontal Well (Zone III) 6.4 

HWW-5 Horizontal Well (Zone V) 6.5 

Vertical Wells 11 Vertical wells 3.1 

The resultant calibration is shown graphically in Figure 4. The scaled standard deviation is 10%, the 

residual mean is 0.1, and the scaled residual mean is 0.01. There is still local variation in the calibration 

residuals given the complexity and the heterogeneity of the hydrogeology encountered at the Site, but the 

overall residual statistics indicate a well calibrated groundwater flow model. The groundwater flow model 

calibration was also evaluated qualitatively by comparing the simulated and observed general 

groundwater flow directions and gradients. This qualitative assessment indicates that the model aligns 



arcadis.com 
G:\AProject\CSXT\WaycrossRCRA\SC000239.0051 2017 RD_RA\Reports\ALSA RD\Modeling Data\Waycross Modeling Memo_12.10.2019.docx Page: 

5/6 

MEMO 

with observed groundwater flow orientations. The groundwater flow model was run for both non-pumping 

conditions and recent active pumping rates as of November 2019 as summarized in Table 3. 

Table 3. Current extraction well rates 

Well Type 
Rate 

(gpm) 

HWW-1 Horizontal Well (Zone III) 28 

HWW-2 Horizontal Well (Zone III) 10 

HWW-3 Horizontal Well (Zone III) 5 

HWW-4 Horizontal Well (Zone III) 6 

HWW-5 Horizontal Well (Zone V) 7 

Vertical Wells 11 Vertical wells 3 

gpm = gallons per minute 

The simulated water levels under non-pumping conditions for Zones III and V are shown in Figures 5 and 

6, respectively.  

Hydraulic Capture Assessment 

Upon completion of the calibration of the groundwater flow model, hydraulic control of Zone III and V 

groundwater by the remedy wells was assessed by utilizing the volumetric flux model MODular flow 

ALLocation (MODALL) program (Potter et al., 2008). MODALL uses the same MODFLOW-calculated cell-

by-cell flow output as MODPATH (Pollock, 1989), but rather than tracking individual particle paths, it tracks 

the movement of groundwater in the model. This approach, also described as the volumetric-tracking 

method, is described in detail by Barlow et al. (2018).  For the purpose of this analysis, the recent active 

pumping rates from November 25, 2019 were evaluated as shown in Table 3. 

The simulated hydraulic capture under current conditions for Zones III and V are shown in Figures 7 and 

8, respectively. These simulated water levels are consistent with the observed (October 2019) water levels 

in Zone III and Zone V strata, shown in Figures 9 and 10 respectively, in that cones of depression 

develop around the active horizontal and vertical extraction wells influencing the flow directions in both 

hydrostratigraphic zones.  It must be noted that horizontal wells HWW-1 and HWW-5, both screened in 

Zone V strata, capture a portion of groundwater from Zone III due to the lack of Zone IV aquitard strata at 

and upgradient of the well screens. In addition, HWW-5 also captures Zone V groundwater over a 

significant area despite the relatively low operational extraction rate of 7 gpm.  The remaining Zone III 

wells (HWW-2, HWW-3, HWW-4, and the vertical wells) have minimal hydraulic influence on Zone V 

groundwater due to the presence of the competent Zone IV aquitard throughout the majority of the Site. 
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CSX TRANSPORTATION
WAYCROSS, GA

INTERIM MEASURES WORK PLAN – ACID LIME SLUDGE AREA

HYDROGEOLOGIC CROSS-SECTION
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3

NOTES: 

Vertical Datum – NAVD 88

Vertical Exaggeration = 10x

Source: C-Tech Environmental Visualization System simulation –
Hydraulic Profiling Tool data
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NOTES: 
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Hydraulic Profiling Tool data

B B’

DISTANCE (FT)

EL
EV

AT
IO

N
 (F

T 
AM

SL
)

Ground Surface
HPT-38

HPT-37 HPT-34 HPT-32 HPT-46 HPT-48
HPT-52

HPT-54

HAWTHORN FORMATION

ZONE V

ZONE IV

ZONE III



Table 1

Summary Hydraulic Conductivity-

Acid-Lime Sludge Area SWMU

CSX Transporation, Inc.

Waycross, Georgia

DRAFT

ALSA Zone III Monitor Wells

cm/sec ft/day

MW-6 0.003825 10.842536

MW-21 0.0005993 1.698806

MW-22 0.001488 4.217959

MW-56 0.001241 3.517801

MW-135S 0.001071 3.035910

Average Conductivity Zone III 0.00164486 4.662602

ALSA Zone V Monitor Wells

MW-18D 0.0001299 0.368221

MW-21D 0.0002555 0.724253

MW-51D 0.002535 7.185838

MW-52D 0.005808 16.463647

MW-116D 0.001403 3.977014

MW-122D 0.0001176 0.333355

MW-134D 0.0009834 2.787595

MW-135D 0.002264 6.417648

MW-136D 0.001444 4.093235

MW-137D 0.002456 6.961900

Average Conductivity Zone V 0.00173964 4.931270526

Notes:
ALSA=Acid Lime Sludge Area Solid Waste Management Unit
cm/sec=centimeters per second
ft/day=feet per day
Coversion from cm/sec to ft/day is 1 cm/sec=2,834.65 ft/day

Slug Out

G:\AProject\CSXT\WaycrossRCRA\SC000239.0053 2019OMM_Compliance\Reports\Part B Permit Renewal Application\Appendices\Appendix G Geologic and Hydrogeologic 

Information\hydraulic conductivity_ALSA 1/1
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MW-6 SLUG OUT

Data Set:  G:\AProject\CSXT\WaycrossRCRA\SC000239.0044 ALSA GW\Slug Tests\MW-6 Slugout.aqt
Date:  12/12/19 Time:  15:55:07

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-6
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  20.29 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-6 Slugout)

Initial Displacement:  2.6 ft Water Column Height:  20.29 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.003825 cm/sec y0 = 1.638 ft
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MW-18D SLUG OUT

Data Set:  G:\...\MW-18D Slug Out.aqt
Date:  12/12/19 Time:  16:03:23

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0051
Test Location:  Waycross, GA
Test Well:  MW-18 D
Test Date:  6/18/2017

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-18D Out)

Initial Displacement:  6.8 ft Water Column Height:  36.25 ft
Casing Radius:  0.0833 ft Wellbore Radius:  0.26 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0001299 cm/sec y0 = 2.404 ft
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MW-21 SLUG OUT

Data Set:  G:\...\MW-21 Slug Out.aqt
Date:  12/12/19 Time:  16:04:20

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0051
Test Location:  Waycross, GA
Test Well:  MW-21 
Test Date:  6/18/2017

AQUIFER DATA

Saturated Thickness:  15. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-21 Out)

Initial Displacement:  3.1 ft Water Column Height:  25.1 ft
Casing Radius:  0.0833 ft Wellbore Radius:  0.26 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0005993 cm/sec y0 = 1.918 ft
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MW-21D SLUG OUT

Data Set:  G:\...\MW-21D Slug Out.aqt
Date:  12/12/19 Time:  16:04:51

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0051
Test Location:  Waycross, GA
Test Well:  MW-21 D
Test Date:  6/18/2017

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-21D Out)

Initial Displacement:  7.1 ft Water Column Height:  43.35 ft
Casing Radius:  0.0833 ft Wellbore Radius:  0.26 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0002555 cm/sec y0 = 1.968 ft
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MW-22 SLUG OUT

Data Set:  G:\...\MW-22 Slugout.aqt
Date:  12/12/19 Time:  15:54:22

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-22
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  23.58 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-22 Slugou)

Initial Displacement:  2.4 ft Water Column Height:  23.58 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.001488 cm/sec y0 = 2.352 ft
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MW-51 D SLUG OUT

Data Set:  G:\...\MW-51D slug out.aqt
Date:  12/12/19 Time:  15:56:07

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-51 D
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  24.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-51Dslugou)

Initial Displacement:  5.5 ft Water Column Height:  39.65 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.002535 cm/sec y0 = 2.485 ft
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MW-52 SLUG OUT

Data Set:  G:\...\MW-52 Slug Out.aqt
Date:  12/12/19 Time:  15:56:37

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-52
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  30. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-52)

Initial Displacement:  2. ft Water Column Height:  46.7 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.005808 cm/sec y0 = 0.9289 ft
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MW-56 SLUG OUT

Data Set:  G:\...\MW-56 Slug Out.aqt
Date:  12/12/19 Time:  15:57:09

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-56
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-56 Slugou)

Initial Displacement:  4.2 ft Water Column Height:  22.9 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.001241 cm/sec y0 = 2.244 ft
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MW-88 SLUG OUT

Data Set:  G:\...\MW-88 Slug Out.aqt
Date:  12/12/19 Time:  15:57:37

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-88
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-88 Slugou)

Initial Displacement:  4.4 ft Water Column Height:  22.2 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.001521 cm/sec y0 = 1.525 ft
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MW-116 D SLUG OUT

Data Set:  G:\...\MW-116D slug out.aqt
Date:  12/12/19 Time:  15:58:06

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-116 D
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  25. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-116Dslugo)

Initial Displacement:  4.4 ft Water Column Height:  36.55 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.001403 cm/sec y0 = 2.677 ft
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MW-122 D SLUG OUT

Data Set:  G:\...\MW-122D Slug Out.aqt
Date:  12/12/19 Time:  16:05:40

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0051
Test Location:  Waycross, GA
Test Well:  MW-122 D
Test Date:  6/18/2017

AQUIFER DATA

Saturated Thickness:  20. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-122 D In)

Initial Displacement:  6.1 ft Water Column Height:  37.5 ft
Casing Radius:  0.0833 ft Wellbore Radius:  0.26 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0001176 cm/sec y0 = 2.321 ft
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MW-134 D SLUG OUT

Data Set:  G:\...\MW-134D slug out.aqt
Date:  12/12/19 Time:  15:58:31

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-134 D
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  25. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-134Dslugo)

Initial Displacement:  6. ft Water Column Height:  35.88 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0009834 cm/sec y0 = 2.35 ft
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MW-135 D SLUG OUT

Data Set:  G:\...\MW-135D slug out.aqt
Date:  12/12/19 Time:  15:59:01

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-135 D
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  25. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-135Dslugo)

Initial Displacement:  2.4 ft Water Column Height:  36.55 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.002264 cm/sec y0 = 2.061 ft
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MW-135S SLUG OUT

Data Set:  G:\...\MW-135S Slug Out.aqt
Date:  12/12/19 Time:  15:59:27

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-135S
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  22. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW135SSlugou)

Initial Displacement:  2.7 ft Water Column Height:  21.98 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.001071 cm/sec y0 = 1.859 ft
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MW-136 D SLUG OUT

Data Set:  G:\...\MW-136 D slug out.aqt
Date:  12/12/19 Time:  16:00:56

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-136 D
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  15. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW136Dslugou)

Initial Displacement:  3.2 ft Water Column Height:  35.12 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.001444 cm/sec y0 = 2.251 ft
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MW-137 D SLUG OUT

Data Set:  G:\...\MW-137 D slug out.aqt
Date:  12/12/19 Time:  16:01:27

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-137 D
Test Date:  6/2/2016

AQUIFER DATA

Saturated Thickness:  15. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW137Dslugou)

Initial Displacement:  3.4 ft Water Column Height:  35.35 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.002456 cm/sec y0 = 2.165 ft
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MW-138 D SLUG OUT

Data Set:  G:\...\MW-138 D slug out.aqt
Date:  12/12/19 Time:  16:01:58

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  MW-138 D
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  15. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW138Dslugou)

Initial Displacement:  6.6 ft Water Column Height:  41.1 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.000587 cm/sec y0 = 2.431 ft
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TMW-4D SLUG OUT

Data Set:  G:\...\TMW-4D slug out.aqt
Date:  12/12/19 Time:  16:02:22

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  TMW-4D
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  15. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TMW4Dslugout)

Initial Displacement:  4.1 ft Water Column Height:  38.43 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.001427 cm/sec y0 = 2.343 ft
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TMW-6S SLUG OUT

Data Set:  G:\...\TMW-6S Slug out.aqt
Date:  12/12/19 Time:  16:02:50

PROJECT INFORMATION

Company:  ARCADIS
Client:  CSX Waycross
Project:  SC000239.0044
Test Location:  Waycross, GA
Test Well:  TMW-6S
Test Date:  6/3/2016

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (TMW6S slugou)

Initial Displacement:  4.6 ft Water Column Height:  22.54 ft
Casing Radius:  0.166 ft Wellbore Radius:  0.5 ft
Screen Length:  10. ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.002274 cm/sec y0 = 2.395 ft
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G:\AProject\CSXT\WaycrossRCRA\SC000239.0038 ODSA GW\Reports\Annual\Tables\pump test data\CSX Waycross - GW Velocity Calcs.xls

CSX Transportation, Inc.  Old Drum Storage Area HWMU

Assumptions

- Anisotropy ratio (Kz/Kr) = 1

- Saturated Thickness = 19 feet based on pre-pumping water levels at WW-44, WW-45, WW-46, boring logs for those wells, and nearby HPT logs

- Overlying aquitard thickness (B') = 11 ft based on  pre-pumping water levels at WW-44, WW-45, WW-46, boring logs for those wells, and nearby HPT logs

- Underlying aquitard thickness (B'') = 1 ft.  Note: Results are insensitive to this parameter. 

- All pumping and observation wells are fully penetrating based on boring logs and HPT logs

- Leaky confined aquifer

Observation Well
Storativity Transmissivity

Saturated 
Thickness

Hydraulic Conductivity
Hydraulic 

Conductivity

(Well ID) (dimensionless) (ft2/min) (ft) (ft/day) (cm/sec)

MW-36 3.00E-03 7.3E-03 19 0.55 1.9E-04

MW-72 1.15E-03 1.4E-02 19 1.03 3.6E-04

MW-73 3.59E-05 3.7E-02 19 2.83 1.0E-03

MW-74 9.42E-06 2.7E-02 19 2.07 7.3E-04

MW-76 2.81E-05 3.2E-02 19 2.41 8.5E-04

MW-77 1.04E-05 1.9E-02 19 1.46 5.1E-04

Maximum 3.00E-03 2.83 1.0E-03

Minimum 9.42E-06 0.55 1.9E-04

Geometric Mean 8.36E-05 1.51 5.3E-04
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MW-74

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW74 592392.211 434655.1179

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.02733 ft2/min S  = 9.424E-6
1/B'  = 8.678E-7 ft-1 ß'/r  = 0.01197 ft-1

1/B" = 0.0005475 ft-1 ß"/r  = 0.002464 ft-1
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MW-36

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW36 592123.2516 434660.8387

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.007259 ft2/min S  = 0.003244
1/B'  = 1.144E-6 ft-1 ß'/r  = 0.006764 ft-1

1/B" = 0.03098 ft-1 ß"/r  = 0.05475 ft-1
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MW-77

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW77 592327.0838 434800.73

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.01922 ft2/min S  = 1.041E-5
1/B'  = 8.678E-7 ft-1 ß'/r  = 0.01197 ft-1

1/B" = 0.0005475 ft-1 ß"/r  = 0.002464 ft-1



1. 10. 100. 1000. 1.0E+4
0.001

0.01

0.1

1.

10.

Time (min)

D
is

p
la

ce
m

e
n
t 
(f

t)

MW-73

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW73 592113.5052 434580.4275

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.03736 ft2/min S  = 3.585E-5
1/B'  = 8.678E-7 ft-1 ß'/r  = 0.01197 ft-1

1/B" = 0.0005475 ft-1 ß"/r  = 0.002464 ft-1
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MW-72

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW72 591974.8281 434549.7468

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.01357 ft2/min S  = 0.001152
1/B'  = 9.964E-7 ft-1 ß'/r  = 0.01118 ft-1

1/B" = 0. ft-1 ß"/r  = 0.00219 ft-1
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MW-76

PROJECT INFORMATION

Company:  CSX Waycross
Test Date:  July 1-2, 2013

AQUIFER DATA

Saturated Thickness:  19. ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  11. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
WW44 591961 434577
WW45 592027 434669
WW46 592116 434670

Observation Wells
Well Name X (ft) Y (ft)

MW76 592234.6574 434728.0581

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush

T  = 0.03176 ft2/min S  = 2.807E-5
1/B'  = 8.678E-7 ft-1 ß'/r  = 0.01197 ft-1

1/B" = 0.0005475 ft-1 ß"/r  = 0.002464 ft-1








































































































