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INTRODUCTION 
S&ME has completed a revised hydrogeologic study for the proposed Industrial Landfill #1 
(“landfill”) for Duke Energy’s Marshall Steam Station (MSS) located on Highway 150 in 
Terrell, Catawba County, North Carolina.  This report is a revision to the original 
hydrogeologic study submitted for the site on June 19, 2008.  The revision is due to 
additional geotechnical and hydrogeological work performed at the site to investigate 
various proposed landfill footprint options.  The various footprint options reviewed, and the 
final footprint selected, are presented in the Site Suitability Report.  The single footprint 
represented in this Revised Hydrogeologic Study is the final footprint selected from the Site 
Suitability Report. 
 
The purpose of this study was to evaluate the general subsurface conditions in the proposed 
landfill area to obtain hydrogeologic information required by the North Carolina Solid 
Waste Management Rule 15A NCAC 13B .0504.  Results of our field and laboratory testing 
are summarized in the tables and included in Appendices I and II.  Calculations for the 
estimated long-term seasonal high groundwater elevations are included in Appendix III and 
the hydrogeologic drawings are included with the Figures. 

1.0 PROJECT DESCRIPTION 
To meet on-going needs for combustion product disposal, Duke Energy engaged S&ME 
to conduct a hydrogeological study for an industrial landfill within the confines of the 
MSS property.  The prospective landfill site is illustrated on Figure 1 - Topographic Site 
Map and Figure 2 – Aerial Site Map. 
 
The proposed Industrial Landfill #1 will be located on the northern portion of the MSS 
property which will encompass approximately 116 acres.  The proposed landfill will include 
a double liner system consistent with recent state legislation specific to combustion product 
landfills. 
 
The proposed landfill will contain combustion product residuals including fly ash, bottom 
ash, boiler slag, mill rejects, and flue gas desulferization residue generated at the Marshall 
Steam Station.  The landfill could also potentially receive on-site construction and 
demolition waste, as well as asbestos from MSS and/or other Duke Energy Facilities.  The 
proposed landfill will have a lifespan of approximately 15 to 20 years, in which it is 
anticipated that the average annual disposal rate will be approximately 750,000 cubic yards.  

2.0 SITE CONDITIONS 
 
The proposed landfill is located on the northern portion of the MSS property northwest of 
the existing asbestos and C&D landfills.  The site is predominately wooded and has not 
been previously developed and is characterized by rolling topography consisting of ridges 
and valleys typical of the Piedmont of North Carolina.  The proposed landfill area 
generally slopes from north to south towards a former portion of the existing ash basin. 
The former portion of the ash basin encompasses the low lying areas of the site in 
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between the residual ridge lines. The ash basin is predominately dry with isolated areas of 
surface water. The former ash portion of the basin is separated from the current ash basin 
by a dike which runs to the southeast of the proposed landfill footprint. 

3.0 REGIONAL GEOLOGY AND HYDROGEOLOGY 
 
The MSS is situated in the King’s Mountain Belt of the Piedmont Physiographic Province of 
North Carolina. The area is underlain by metamorphic rock covered by a thick layer of 
residual soil and weathered rock (regolith) in most places.  Groundwater occurs in the 
soil/weathered rock layer and in the underlying bedrock.  Springs and seeps may be 
common along drainage features and surface water bodies.  Lake Norman is adjacent to and 
east of the MSS. 

3.1 Geology and Topography 
The MSS is located in the Piedmont Geologic Province, specifically within the King’s 
Mountain Belt. Igneous and metamorphic rock, which is covered by a thick layer of residual 
soil and weathered rock (regolith), predominantly underlie this region of North Carolina.  
Rock consists largely of schist, gneiss, diorite and granite formed during the Precambrian 
and Paleozoic Eras as illustrated on Figure 3 - Geologic Map.  Foliation and/or contacts 
between rock types strike northeast-southwest, with dip angles ranging from vertical to 45 
degrees in the area. While numerous types of rock occur in Catawba County, mica schist, 
gneiss and granite are the most prevalent rock types within the landfill property and 
surrounding area.  

 
 
The topography and relief of the Piedmont has developed from differential weathering of 
the igneous and metamorphic rock.  Ridges and hills have developed over the more 
resistant rock, whereas gently rolling, subdued topography has developed on the more 
easily weathered and erodible rock.  Because of continued weathering, the rock in the 
Piedmont Province is now generally covered with a mantle of soil that has formed from 
the in-place weathering of the parent bedrock.  The soils that overlie bedrock have 
variable thickness, and are generally referred to as residuum (residual soils) and saprolite.  
The residuum is typically finer grained, has a higher clay content, and retains less of the 

APPROXIMATE 
SITE LOCATION
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original rock and mineral structure than the underlying saprolite because of the advanced 
weathering.  Similarly, the soils typically become coarser grained with increasing depth 
because of decreased weathering.  As the degree of weathering decreases, residuum 
grades into saprolite, which generally retains the overall appearance, texture, gradation, 
foliation and structure of the parent rock.  Saprolite generally grades into partially 
weathered rock and fractured rock with increasing depth as the unweathered bedrock is 
approached.  The transition between residuum, saprolite and partially weathered rock is 
gradational and varies laterally and vertically. A graphic depiction of typical Piedmont 
weathering profiles is presented in the figure below. 

 
 

3.2 Hydrogeology 
Groundwater generally occurs within the residuum and saprolite under unconfined aquifer 
conditions.  Because of the heterogeneous texture and structure of saprolite, alternating 
layers of differing moisture content are common.  The residuum and saprolite typically have 
a high total porosity, but a low permeability.  Therefore, these soils store water from 
precipitation and slowly recharge the underlying bedrock aquifer by downward infiltration.  
The partially weathered rock layer is a transition layer from the overlying saprolite to the 
underlying bedrock, and is often more permeable than the underlying material, depending 
on the percentage of fine-grained sediment and secondary porosity. 
 
Groundwater occurs in the bedrock along fractures, joints and other openings created by 
weathering. The groundwater surface may occur within the bedrock when the bedrock is 
relatively close to the ground surface.  Within the Piedmont, low permeable units or 
aquitards do not typically exist that would result in a confining layer separating the bedrock 
from the overlying soils.  Thus the soils and bedrock are generally in hydraulic connection. 
 
The number of fractures in the bedrock generally decreases with depth.  As a result, the 
highest water bearing zones generally are encountered within the upper 30 feet of the 
bedrock.   
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Groundwater percolation to deeper portions of the bedrock is restricted by the decrease in 
available flow paths (fractures) with depth.  The groundwater is forced to follow fractures to 
discharge points near streams and springs.  Thus, movement of groundwater is from 
recharge areas (topographic highs) to discharge areas (streams and springs). 
Groundwater fluctuations are typically the result of changes in precipitation and seasonal 
evapotranspiration.  Groundwater levels generally begin to decline in April or May due to 
increasing evapotranspiration and continue to decline through October/November after 
plants become dormant and temperatures decrease.  Long-term changes in the groundwater 
levels occur due to abnormal wet or dry periods.  During winter months, precipitation 
recharges the aquifer as evapotranspiration losses decrease and with an increase in frontal-
type rainfall events.  Generally, the highest groundwater levels occur between March and 
May.  Groundwater fluctuations due to withdrawal by pumped wells is not great in the 
region (LeGrand, 1961). 
 
In the Catawba County area, most industrial and domestic water supplies are obtained from 
wells.  Dug and bored wells are common in rural areas and obtain water from the weathered 
zone above bedrock.  Wells drilled into bedrock typically have higher yields than bored or 
dug wells. However, drilled wells that do not intersect water-bearing fractures can have very 
low yields.  As a result individual wells show a great range of yield in the area.  Generally, 
wells drilled on ridges and hills are lower producing than wells drilled on flat areas and in 
draws and valleys. 
 
The depth to groundwater table varies from zero in valleys, to more than 100 ft below the 
ground surface on sharply rising hills.  In general, and under natural conditions, the 
groundwater surface is a subdued reflection of the land surface.  
 
Groundwater quality in the Catawba County area varies due to local variations in rock type.  
The majority of groundwater aquifers meet primary and secondary drinking water standards.  
Excessive iron, manganese or sulfate may occur in some areas.  

4.0 SITE GEOTECHNICAL EVALUATION 

4.1   Field Exploration 
Beginning on October 31, 2007 and ending on October 3, 2008, forty-seven (47) soil test 
borings were drilled within proposed landfill area.  Locations of the soil test borings are 
included on the attached Figure 4 – Boring and Well Location Plan.  The borings were 
advanced with a truck mounted and an all terrain vehicle (ATV) mounted drill rigs 
equipped with hollow stem augers (HSA) and casing advancer.  The truck rig was used in 
easily accessible areas where minimal clearing was required.  The ATV rig was used in 
areas where more clearing was needed to access the boring locations. 
 
Standard penetration tests (SPT) as specified in ASTM D-1586-84 were used to collect 
soil samples from the borings.  The soil samples were collected at five-foot intervals and 
classified by the on-site geologist for textural and lithological characteristics.  The soil 
test borings were drilled to casing or auger refusal.  Detailed descriptions of the 
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subsurface conditions encountered at the boring locations are presented on the boring 
logs in Appendix I. 
 
At boring location M-2, the boring was extended beyond the refusal depth by NQ rock 
coring methods.  A total core run of ten feet was performed, and a rock recovery rate of 
74% was measured.  A rock quality designation (RQD) of 60% was calculated for rock 
recovered from the M-2 boring. 
 
Bulk samples from five (5), ten (10) and fifteen (15) feet below the ground surface were 
collected at boring locations M-1, M-2, M-3, M-4, M-6, M-7, M-8, and M-16.  Bulk 
samples were also collected from various five-foot interval depths at boring locations M-
17, M-18, M-19, M-20, M-21, M-23, M-24, M-25, M-26, M-28, M-31, M-33, M-35, M-
39, M-40, M-41, and M-42.   

4.2   Laboratory Testing 
Each bulk sample referenced above was transported to our Spartanburg, South Carolina 
or Charlotte, North Carolina soil laboratories for classification.  The bulk samples were 
analyzed for natural moisture content, grain size distribution with hydrometer, standard 
proctor, and Atterberg Limits.  Remolded constant head permeability test were performed 
on selected bulk samples from borings M-2, M-6, M-7, and M-8.  Hydrometer testing 
was also run on select split spoon samples.  Some hydrometer samples were selected 
from lithologically representative soils within screened intervals, while others were 
selected for site characterization purposes.  A summary of laboratory tests performed on 
soil samples is included in Table 7 – Summary of Laboratory Test Data, and laboratory 
data sheets are included in Appendix II. 

4.3   Subsurface Conditions 
The subsurface conditions within the proposed landfill site consist of residual soils and 
partially weathered rock (PWR) which have formed by the in-place weathering of the parent 
bedrock.  Ash was overlying the residual soils within the retired portion of the ash basin.  
The residual soils grade with depth into zones of PWR that generally overlie the underlying 
bedrock.     
 
Subsurface generalizations are depicted on Figure 8 – Cross Section Location Plan, Figure 
9 – Cross Sections A-A’/B-B’, and Figure 10 – Cross Sections C-C’/D-D’.  More detailed 
information is provided on boring logs and rock core photos included in Appendix I.  In 
general, the transition between the material types is gradual (in the vertical and horizontal 
dimensions) and may not be an abrupt change as depicted in the boring logs or cross 
sections.  Actual soil profiles and conditions intermediate of boring locations should be 
expected to vary. 
 
The following Sections include generalized descriptions of the five (5) subsurface materials 
encountered within the site.  A summary of depths in which the five (5) subsurface materials 
were encountered is included in Table 3 – Geologic and Hydrogeologic Data. 
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Residuum:  Residuum is the weathered, unconsolidated material usually found beneath the 
topsoil. Very little of the physical characteristics of the parent bedrock are retained. 
Residuum was primarily encountered from the ground surface to depths ranging from two to 
24 feet below ground surface.  The residuum encountered ranged from silty clays to clayey 
silts and sandy silts.   
 
Ash:  Ash is the by-product of coal combustion.  Where encountered, the ash had textural 
characteristics of fine sandy silts and silty fine sands.  Ash was encountered at boring M-5 
from the ground surface to about 30 feet.   
 
Saprolite:  Saprolite is the product of weathered bedrock and usually retains some physical 
characteristics of the parent bedrock.  Saprolite is an unconsolidated material that usually 
grades with depth into PWR or bedrock.  The saprolite encountered was predominantly silty 
sands, sandy silts, and clayey silts.  The saprolite extends to depths ranging from ground 
surface to 90 feet below ground surface.   
 
Partially Weathered Rock (PWR): PWR is defined as material exhibiting Standard 
Penetration Resistances in excess of 100 blows per foot and is often classified as penetrable, 
residual materials which when sampled typically become coarse to fine sandy silt or silty 
coarse to fine sand.  Lithologically, the PWR found in the borings is characterized as silty 
coarse to fine sands and coarse to fine sands.  The PWR encountered extended to depths 
ranging from ground surface to 109.5 feet below ground surface.  
 
Bedrock:  For the purpose of this assessment, bedrock is defined as material that could not 
be penetrated with the drill rig equipment used on the project.  When sampled, the 
bedrock from the core samples was classified as granite.  Horizontal to high-angle fractures 
are present in the upper ten feet of bedrock.  Many fractures are iron stained indicating flow 
of oxidizing groundwater.  Bedrock was encountered at depths ranging from 12.2 to 109.5 
feet below ground surface in the borings.  The bedrock surface was not encountered in 
borings M-61 and M-62.  Bedrock surface contours are included on Figure 7 – Top of 
Bedrock Map. 

5.0 SITE HYDROGEOLOGICAL EVALUATION 

5.1   Observation Well Installation and Development 
Observation wells were installed in thirty-seven (37) of the borings drilled during this 
assessment.  The wells were constructed of either one or two-inch PVC screen and 
casing.  The wells were constructed through the HSA or casing with varying screen 
lengths in an attempt to bracket the groundwater surface with the screened interval.  A 
medium grain filter sand was installed around and above the screened section of each 
well.  Above the filter sand, bentonite pellets were installed and hydrated.  The remaining 
annular space above the bentonite seal was filled with a mixture of Portland cement and 
powdered bentonite.   
 
Each well was completed above grade with a lockable steel casing and a two-foot by two-
foot concrete pad.  At locations designated by Duke Energy, protective bollards were 
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installed around the observation wells.  Well locations are shown on the attached Figure 
4 – Boring and Well Location Plan.  The well construction details are summarized in 
Table 1 – Survey and Well Construction Data.  Well logs are included in Appendix I. 
 
After the observation wells were installed, they were surveyed by a North Carolina 
Registered Land Surveyor with Chas H. Sells, Inc. for state plane coordinates, ground 
surface elevation, and top of PVC casing elevation. 
 
Also following installation, the wells were developed by purging with an electrical pump 
and polyethylene tubing.  Development continued until the water discharge was relatively 
clear and free of suspended sediment. 

5.1.1 Regulatory Documentation 
After well completion, S&ME submitted well records to the North Carolina Department 
of Environment and Natural Resources (NCDENR) on behalf of Duke Energy.  Copies of 
the well records are included in Appendix I. 

5.2 Field Testing for Permeability 
In-situ falling head permeability testing was conducted within saturated soils of borings 
M-1, M-2, M-5, M-6, M-8, and M-16.  The permeability testing was conducted by 
installing three-inch steel casing into the desired soils and/or ash, filling the inside of the 
casing with water and measuring the change in the water level with time within the 
casing with a down hole pressure transducer/data logger.   
 
Six (6) falling head permeability tests performed within the saprolite indicated hydraulic 
conductivity ranging from 8.5E-05 to 1.1E-04 cm/sec.  Five (5) falling head tests 
performed within the PWR indicated hydraulic conductivity ranging from 6.1E-06 to 
3.0E-05 cm/sec.  One (1) falling head test performed in ash indicated a hydraulic 
conductivity of 1.2E-03 cm/sec.  Results of falling head permeability testing are 
summarized in Table 4 - Summary of Permeability Data, and test data evaluation sheets 
are included in Appendix II. 
 
After installation and development of the observation wells (discussed above), in-situ 
rising head permeability tests (slug tests) were performed in selected observation wells to 
evaluate the horizontal permeability or hydraulic conductivity of the subsurface materials.  
In-situ tests were performed using a rising head technique that was accomplished by 
measuring the static water level within the well, removing a portion of the water within the 
well by pumping and measuring the rate of water level recovery with respect to time with a 
down hole pressure transducer/data logger. The data for these tests were analyzed using the 
Bouwer and Rice Graphical method as presented in Appendix II.   
 
Slug testing of four (4) wells screened predominantly within the saprolite indicated a 
hydraulic conductivity range from 1.0E-04 to 1.0E-03 cm/sec.  Slug testing of four (4) wells 
screened predominantly within the PWR indicated a hydraulic conductivity ranging from 
2.0E-04 to 8.4E-04 cm/sec.  Results of rising head permeability testing are summarized in 
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Table 4 - Summary of Permeability Data, and test data evaluation sheets are included in 
Appendix II. 

5.3 Hydrogeologic Calculations 

5.3.1 Groundwater Levels and Groundwater Surface 
Water levels were measured in the observation wells at time of installation, at 24-hours 
following installation and periodically thereafter. Water level data collected in the 
observation wells are provided in Table 2 – Groundwater Level Elevations.  The 
groundwater level data collected on November 26, 2008 is presented on Figure 5 - 
Groundwater Surface Map.  The water levels from the observation wells in the proposed 
landfill area and the site topography were used to create the Groundwater Surface Map.  

5.3.2 Hydraulic Conductivity 
Estimation of hydraulic conductivity based on grain size was calculated for each soil sample 
in which a grain size with hydrometer laboratory test was performed.  The method used to 
calculate the hydraulic conductivity is Harleman et al. (1963).  The calculation sheets 
detailing the formulas are presented in Appendix III, and estimates are presented in Table 4 
- Summary of Permeability Data.  Based on this method, hydraulic conductivity ranged 
from 5.70E-05 to 3.56E-04 cm/sec in the residuum, from 1.12E-06 to 2.89E-02 cm/sec in 
the saprolite, and from 5.84E-06 to 2.76E-02 cm/sec in the PWR.   
 
Based on work within the Duke Energy Allen Steam Station Retired Ash Basin, hydraulic 
conductivity for ash should be similar to the ash encountered at the Marshall Steam Station 
site.  The results of the Allen Steam Station Study found hydraulic conductivity for ash to 
range from 1.1E-03 to 4.1E-02 cm/sec. 

5.3.3 Total and Effective Porosity 
Total and effective porosity values were estimated for each soil sample in which a grain size 
with hydrometer laboratory test was performed.  Estimates calculated from grain size were 
based on the soil classification and the “Variation of Porosity, Specific Yield, and Specific 
Retention with Grain Size” table (Bear, J., 1972) in conjunction with the textural 
classification triangle for unconsolidated materials showing the relationship between particle 
size and specific yield (Fetter, C.W., 1994).  The estimated total porosity value ranged from 
44% to 50% in residuum, from 42% to 50% in saprolite, and from 42% to 45% in PWR.  
Calculations are presented in Appendix III, and estimates are included in Table 5 - 
Summary of Porosity Data. 
 
Based on work within the Duke Energy Allen Steam Station Retired Ash Basin, total 
porosity for ash should be similar to the ash encountered at the Marshall Steam Station site.  
The results of the Allen Steam Station Study found total porosity for ash to range from 43% 
to 46%. 
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5.3.4 Horizontal Hydraulic Gradients 
Horizontal hydraulic gradients were calculated between thirty-two (32) well locations within 
the proposed landfill area by dividing the difference in elevation head by the distance 
between two end points of a projected groundwater flow path through the observation well 
that intersects the upgradient and/or downgradient equipotentials.  Horizontal hydraulic 
gradients ranged from 0.002 to 0.043 ft/ft.  Calculations are included in Appendix III.   

5.3.5   Groundwater Flow Rates  
Horizontal groundwater flow rates in the landfill observation wells were calculated and 
summarized in Table 6 – Groundwater Flow Velocity.  These flow rates are based on the 
horizontal hydraulic gradients obtained from Figure 5 - Groundwater Surface Map, 
estimated effective porosity for the predominant lithologic unit in the saturated interval of 
the screen, and the calculated hydraulic conductivity based on the in-situ permeability tests.  
As presented in Table 6, groundwater flow rates could range from 11 to 60 feet per year 
(geometric average of 24 feet per year) in the landfill. 
 
Groundwater flows from higher potential to lower potential, perpendicular to the contours of 
equal potential shown on Figure 5 – Groundwater Surface Map.  In general, the uppermost 
aquifer in the landfill area is expected to be typical of local and regional conditions.  The 
predominant groundwater discharge areas are expected to be the ash basin located south of 
the proposed landfill area and ultimately discharging into Lake Norman. 

5.3.6 Estimated Long-Term Seasonal High Groundwater 
Figure 6 - Estimated Long-Term Seasonal High Groundwater Surface Map, was 
generated based on historical water level data from five existing groundwater monitoring 
wells located on the Duke Energy property (MW-1 through MW-5), water level 
measurement data collected in the landfill observation wells, and local precipitation data.  
Hydrographs of the water levels were developed for the on-site monitoring wells to evaluate 
long-term seasonal high water levels relative to precipitation. Hydrographs of the 
observation wells were also developed to evaluate trends in water level elevations on-site.  
Groundwater level data used for the evaluation and historical monthly rainfall data is 
presented in Appendix III. 
 
The on-site monitor well hydrographs (MW-1 through MW-5) from 1989 to 2008 indicate 
that seasonal high water levels generally occur during the months of February and March. 
Water level elevations in the monitoring wells were compared with precipitation data for the 
period from August 1989 through February 2008.  Groundwater fluctuations were 
calculated as the difference between maximum water levels and minimum water levels.  The 
groundwater fluctuations range from approximately 3.07 feet in M-3 to 10.77 feet in M-4.   
 
The estimated long-term seasonal high calculation was performed statistically to take into 
account the high water levels recorded during unseasonably wet periods and the low water 
levels recorded during drought conditions.  Data was used from the on-site monitoring wells 
(MW-1 through MW-5), because these wells have the longest period of water level 
information on-site and include data from both peak water levels to low water levels.  The 
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estimated long-term seasonal high groundwater (ELSHG) elevations for each “MW” well 
were computed by adding the mean (average) to 1.80 times the standard deviation.  
 
Once the ELSHG elevation was calculated for the on-site monitor wells (MW-1 through 
MW-5), the ELSHG elevation was compared to the January 2009 water level elevations on-
site and the difference was calculated. The ELSHG elevations ranged from 0.97 feet higher 
in MW-2 to 10.05 feet higher in MW-4 than the January 2009 water level elevations.  
 
To calculate the long-term seasonal high elevations for the observation wells, a modification 
factor (in feet) was established and added to their respective January 2009 water level 
elevation. The modification factor was established by correlating (1) the depth to 
groundwater in January 2009 for the monitoring wells, (2) the topographic position (i.e. 
ground surface elevation and proximity to the drainage features) of the observation wells 
with the monitoring wells and (3) the trend in water levels for the years 2007 to 2009.   
 
Modification factors were selected from 3 to 10 feet, based on topographic setting. 
Topographic high areas showing a downward trend in water level elevations received a 
modification factor of 10 feet.  Topographic low areas showing an upward trend in water 
level elevations received a 3-foot modification factor.  Areas on low ridges and side slopes 
showing a slight decreasing trend in water level elevations received a modification factor of 
6.5 feet.  A summary of estimated long-term seasonal high groundwater calculations are 
included in Appendix III. 

5.4   Fracture Trace Analysis 
S&ME performed a fracture trace analysis of the Marshall Steam Station Site and 
surrounding areas.  Information about the structural geology of the area was obtained by 
reviewing topographic maps for fracture traces within a 2-mile radius of the proposed 
landfill.  Fracture traces are recognized on maps as relatively straight-line, non-man made 
topographic depressions, which are interpreted as surface expressions of underlying fracture 
zones in the bedrock. The identification of such straight-line features was limited to features 
greater than or equal to 1,000 feet in length. The location of such fracture traces may aid in 
the location of zones of high hydraulic conductivity.  Sixty-eight (68) fracture traces were 
identified within a 2-mile radius of the site and are included on Figure 11 – Fracture Trace 
Survey.   
 
The fracture traces were plotted on a rose diagram, included as Figure 12 – Fracture Trace 
Orientations, which graphically represents the percentage of fracture traces with 
orientations occurring in each 10o-azimuth increment. The principle direction bearing of 
NNE-SSW is indicated on the diagram.  
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Table 1 Marshall Steam Station - Industrial Landfill #1
Survey and Well Construction Data S&ME Project No. 1356-08-122

Ground Top of
Well Surface Casing Stick-up Bentonite Sand Pack
ID Elevation Elevation (ft-als) Interval Interval

(ft-msl) (ft-msl) (ft-bls) (ft-bls)

M-1 687075.01 1413867.46 859.07 862.08 3.01 0 to 27 27 to 42 0 to 21 21 to 24 24 to 64
M-2 686774.57 1414098.95 874.39 877.13 2.74 0 to 34 34 to 49 0 to 23 23 to 25 25 to 64
M-3 686163.24 1413443.01 863.19 865.88 2.69 0 to 31.5 31.5 to 46.5 0 to 25.5 25.5 to 27.5 27.5 to 47.5
M-4 687301.05 1413270.16 861.37 864.24 2.87 0 to 30 30 to 45 0 to 25.7 25.7 to 28 28 to 50
M-5 685668.07 1412934.33 822.47 825.42 2.95 0 to 3 3 to 13 0 to 1 1 to 2 2 to 13
M-6 686179.43 1412744.60 836.36 839.22 2.86 0 to 15 15 to 30 0 to 10 10 to 13 13 to 86.7
M-7 686621.67 1412692.59 851.33 854.05 2.72 0 to 29 29 to 44 0 to 25 25 to 27 27 to 80
M-8 687227.07 1412672.82 888.98 891.04 2.06 0 to 42.5 42.5 to 57.5 0 to 33 33 to 35 35 to 62.5

M-16 685522.45 1413572.10 845.85 848.64 2.79 0 to 28 28 to 43 0 to 18.5 18.5 to 21 21 to 55.5
M-18 687148.90 1414082.50 874.03 876.78 2.75 0 to 40 40 to 50 0 to 38 38 to 51
M-19 687440.10 1413711.50 864.82 867.10 2.28 0 to 34 34 to 44 0 to 32 32 to 45
M-20 687428.80 1413132.30 873.40 876.37 2.97 0 to 39.8 39.8 to 49.8 0 to 37 37 to 49.8
M-21 687077.00 1412573.90 880.11 882.72 2.61 0 to 22.6 22.6 to 32.6 0 to 20 20 to 32.6
M-23 687192.10 1413001.80 837.73 840.24 2.51 0 to 12.3 12.3 to 22.3 0 to 10 10 to 22.3
M-25 687001.50 1413600.10 844.33 847.22 2.89 0 to 18 18 to 28 0 to 16 16 to 29
M-26 686948.80 1413298.10 840.87 843.40 2.53 0 to 22 22 to 32 0 to 20 20 to 33
M-28 686958.90 1412819.90 849.69 852.45 2.76 0 to 14.4 14.4 to 24.4 0 to 12 12 to 24.4
M-29 686756.50 1412530.80 840.75 843.36 2.61 0 to 1.4 1.4 to 11.4 0 to 0.5 0.5 to 11.4
M-31 686676.70 1412122.00 878.93 881.36 2.43 0 to 36.9 36.9 to 46.9 0 to 35 35 to 46.9
M-34 686721.40 1413165.80 827.97 830.49 2.52 0 to 4 4 to 14 0 to 2 2 to 15
M-36 686908.30 1413841.80 838.81 842.03 3.22 0 to 10 10 to 20 0 to 8 8 to 21
M-37 686621.10 1413940.70 872.73 875.30 2.57 0 to 34.2 34.2 to 44.2 0 to 32 32 to 44.2
M-38 686612.20 1413666.20 857.75 860.38 2.63 0 to 27 27 to 37 0 to 25 25 to 38
M-39 686575.40 1414077.20 854.21 856.89 2.68 0 to 20.3 20.3 to 30.3 0 to 18 18 to 31.3
M-41 686254.00 1413872.10 866.96 869.85 2.89 0 to 36 36 to 46 0 to 32 32 to 46
M-42 685888.10 1413616.70 858.17 861.03 2.86 0 to 37 37 to 47 0 to 35 35 to 48
M-43 685942.90 1413207.30 833.29 835.94 2.65 0 to 10 10 to 20 0 to 8 8 to 20
M-45 686248.80 1413326.10 846.22 848.81 2.59 0 to 24 24 to 34 0 to 22 22 to 35
M-46 685886.30 1412736.30 827.82 830.38 2.56 0 to 8 8 to 18 0 to 6 6 to 19
M-57 687338.20 1412364.70 881.99 884.85 2.86 0 to 26.5 26.5 to 36.5 0 to 21 21 to 24.5 24.5 to 36.5
M-58 687627.60 1412913.10 876.38 879.36 2.98 0 to 28.6 28.6 to 38.6 0 to 22 22 to 27 27 to 38.6
M-59 687647.40 1413492.80 874.48 877.41 2.93 0 to 49 49 to 59 0 to 38.5 38.5 to 41 41 to 59
M-60 987661.10 1413911.80 873.26 876.09 2.83 0 to 52 52 to 62 0 to 47.5 47.5 to 49 49 to 63
M-61 687658.60 1414471.90 874.64 877.65 3.01 0 to 41 41 to 51 0 to 35 35 to 38 38 to 52
M-62 687513.00 1414188.40 868.34 871.34 3.00 0 to 49 49 to 59 0 to 41 41 to 43 43 to 60
M-63 686515.40 1414391.40 859.39 862.50 3.11 0 to 30 30 to 40 0 to 26.5 26.5 to 28 28 to 41
M-64 686391.20 1414172.20 842.37 845.36 2.99 0 to 10 10 to 20 0 to 6 6 to 8 8 to 21

Notes:
ft-msl: Feet - mean sea level
ft-als: Feet - above land surface
ft-bls: Feet - below land surface

EastingNorthing
Riser Interval

(ft-bls)
Screen Interval

(ft-bls)
Grout Interval

(ft-bls)
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Table 2 Marshall Steam Station - Industrial Landfill #1
Groundwater Level Elevations S&ME Project No. 1356-08-122

Well Installation TOC
ID Date Elev. DTW-TOC WL Elev DTW-TOC WL Elev DTW-TOC WL Elev

M-1 11/6/07 862.08 36.51 825.57 36.71 825.37 36.81 825.27
M-2 11/12/07 877.13 47.74 829.39 NM NM 46.66 830.47
M-3 11/1/07 865.88 46.00 819.88 NM NM 46.87 819.01
M-4 11/30/07 864.24 46.87 817.37 46.87 817.37 40.92 823.32
M-5 11/13/07 825.42 10.95 814.47 8.75 816.67 10.12 815.30
M-6 11/19/07 839.22 23.36 815.86 23.36 815.86 23.96 815.26
M-7 11/27/07 854.05 42.72 811.33 36.72 817.33 36.69 817.36
M-8 11/13/07 891.04 51.06 839.98 NM NM 58.75 832.29

M-16 11/6/07 848.64 38.79 809.85 39.54 809.10 37.64 811.00
M-18 5/1/08 876.78 NM NM 44.75 832.03
M-19 5/21/08 867.10 NM NM 39.00 828.10
M-20 5/13/08 876.37 NM NM 46.80 829.57
M-21 5/15/08 882.72 Dry Dry NM NM
M-23 5/14/08 840.24 17.00 823.24 NM NM
M-25 5/6/08 847.22 23.80 823.42 NM NM
M-26 5/8/08 843.40 28.00 815.40 NM NM
M-28 5/14/08 852.45 Dry Dry NM NM
M-29 5/15/08 843.36 Dry Dry NM NM
M-31 5/29/08 881.36 Dry Dry Dry Dry
M-34 5/7/08 830.49 13.00 817.49 NM NM
M-36 5/1/08 842.03 16.20 825.83 NM NM
M-37 5/21/08 875.30 42.80 832.50 42.60 832.70
M-38 5/22/08 860.38 38.00 822.38 34.00 826.38
M-39 5/13/08 856.89 36.50 820.39 24.40 832.49
M-41 5/13/08 869.85 42.00 827.85 41.30 828.55
M-42 5/15/08 861.03 NM NM 42.00 819.03
M-43 5/15/08 835.94 18.00 817.94 NM NM
M-45 5/14/08 848.81 30.40 818.41 29.10 819.71
M-46 5/21/08 830.38 15.90 814.48 NM NM
M-57 9/30/08 884.85 NM NM NM NM
M-58 9/30/08 879.36 NM NM NM NM
M-59 10/1/08 877.41 NM NM NM NM
M-60 10/1/08 876.09 NM NM NM NM
M-61 10/3/08 877.65 NM NM NM NM
M-62 10/2/08 871.34 NM NM NM NM
M-63 10/3/08 862.50 NM NM NM NM
M-64 10/2/08 845.36 NM NM NM NM

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Time of Boring 24-Hour December 17, 2007
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Table 2
Groundwater Level Elevations

Well Installation TOC
ID Date Elev.

M-1 11/6/07 862.08
M-2 11/12/07 877.13
M-3 11/1/07 865.88
M-4 11/30/07 864.24
M-5 11/13/07 825.42
M-6 11/19/07 839.22
M-7 11/27/07 854.05
M-8 11/13/07 891.04

M-16 11/6/07 848.64
M-18 5/1/08 876.78
M-19 5/21/08 867.10
M-20 5/13/08 876.37
M-21 5/15/08 882.72
M-23 5/14/08 840.24
M-25 5/6/08 847.22
M-26 5/8/08 843.40
M-28 5/14/08 852.45
M-29 5/15/08 843.36
M-31 5/29/08 881.36
M-34 5/7/08 830.49
M-36 5/1/08 842.03
M-37 5/21/08 875.30
M-38 5/22/08 860.38
M-39 5/13/08 856.89
M-41 5/13/08 869.85
M-42 5/15/08 861.03
M-43 5/15/08 835.94
M-45 5/14/08 848.81
M-46 5/21/08 830.38
M-57 9/30/08 884.85
M-58 9/30/08 879.36
M-59 10/1/08 877.41
M-60 10/1/08 876.09
M-61 10/3/08 877.65
M-62 10/2/08 871.34
M-63 10/3/08 862.50
M-64 10/2/08 845.36

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

DTW-TOC WL Elev DTW-TOC WL Elev DTW-TOC WL Elev
36.65 825.43 36.54 825.54 36.30 825.78
46.88 830.25 47.20 829.93 47.61 829.52
46.80 819.08 47.01 818.87 47.00 818.88
41.10 823.14 40.75 823.49 40.60 823.64
8.97 816.45 8.24 817.18 8.23 817.19

22.55 816.67 21.60 817.62 24.50 814.72
35.52 818.53 34.70 819.35 33.80 820.25
56.83 834.21 56.52 834.52 57.14 833.90
37.40 811.24 37.09 811.55 36.46 812.18

February 6, 2008 March 14, 2008January 8, 2008
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Table 2
Groundwater Level Elevations

Well Installation TOC
ID Date Elev.

M-1 11/6/07 862.08
M-2 11/12/07 877.13
M-3 11/1/07 865.88
M-4 11/30/07 864.24
M-5 11/13/07 825.42
M-6 11/19/07 839.22
M-7 11/27/07 854.05
M-8 11/13/07 891.04

M-16 11/6/07 848.64
M-18 5/1/08 876.78
M-19 5/21/08 867.10
M-20 5/13/08 876.37
M-21 5/15/08 882.72
M-23 5/14/08 840.24
M-25 5/6/08 847.22
M-26 5/8/08 843.40
M-28 5/14/08 852.45
M-29 5/15/08 843.36
M-31 5/29/08 881.36
M-34 5/7/08 830.49
M-36 5/1/08 842.03
M-37 5/21/08 875.30
M-38 5/22/08 860.38
M-39 5/13/08 856.89
M-41 5/13/08 869.85
M-42 5/15/08 861.03
M-43 5/15/08 835.94
M-45 5/14/08 848.81
M-46 5/21/08 830.38
M-57 9/30/08 884.85
M-58 9/30/08 879.36
M-59 10/1/08 877.41
M-60 10/1/08 876.09
M-61 10/3/08 877.65
M-62 10/2/08 871.34
M-63 10/3/08 862.50
M-64 10/2/08 845.36

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

DTW-TOC WL Elev DTW-TOC WL Elev DTW-TOC WL Elev
35.88 826.20 35.57 826.51 36.38 825.70
47.95 829.18 48.25 828.88 48.57 828.56
46.95 818.93 46.77 819.11 47.02 818.86
40.43 823.81 40.56 823.68 40.92 823.32
8.14 817.28 8.11 817.31 9.01 816.41

19.97 819.25 20.20 819.02 21.76 817.46
33.42 820.63 33.14 820.91 34.02 820.03
57.20 833.84 57.31 833.73 57.43 833.61
36.25 812.39 35.68 812.96 36.57 812.07

47.80 828.98 47.25 829.53
40.78 826.32 41.84 825.26
50.07 826.30 50.29 826.08
Dry Dry Dry Dry

15.09 825.15 15.62 824.62
24.76 822.46 26.10 821.12
21.52 821.88 23.09 820.31
Dry Dry Dry Dry

14.13 829.23 14.13 829.23
Dry Dry Dry Dry

11.61 818.88 13.73 816.76
15.76 826.27 17.97 824.06
NM NM 45.75 829.55
NM NM 37.04 823.34

27.41 829.48 27.66 829.23
44.73 825.12 44.95 824.90
42.93 818.10 43.45 817.58
18.53 817.41 19.36 816.58
31.04 817.77 31.67 817.14
12.58 817.80 14.31 816.07

June 25, 2008April 18, 2008 May 21, 2008

Page 3 of 6



Table 2
Groundwater Level Elevations

Well Installation TOC
ID Date Elev.

M-1 11/6/07 862.08
M-2 11/12/07 877.13
M-3 11/1/07 865.88
M-4 11/30/07 864.24
M-5 11/13/07 825.42
M-6 11/19/07 839.22
M-7 11/27/07 854.05
M-8 11/13/07 891.04

M-16 11/6/07 848.64
M-18 5/1/08 876.78
M-19 5/21/08 867.10
M-20 5/13/08 876.37
M-21 5/15/08 882.72
M-23 5/14/08 840.24
M-25 5/6/08 847.22
M-26 5/8/08 843.40
M-28 5/14/08 852.45
M-29 5/15/08 843.36
M-31 5/29/08 881.36
M-34 5/7/08 830.49
M-36 5/1/08 842.03
M-37 5/21/08 875.30
M-38 5/22/08 860.38
M-39 5/13/08 856.89
M-41 5/13/08 869.85
M-42 5/15/08 861.03
M-43 5/15/08 835.94
M-45 5/14/08 848.81
M-46 5/21/08 830.38
M-57 9/30/08 884.85
M-58 9/30/08 879.36
M-59 10/1/08 877.41
M-60 10/1/08 876.09
M-61 10/3/08 877.65
M-62 10/2/08 871.34
M-63 10/3/08 862.50
M-64 10/2/08 845.36

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

DTW-TOC WL Elev DTW-TOC WL Elev DTW-TOC WL Elev
36.57 825.51 36.78 825.30 36.82 825.26
48.72 828.41 49.20 827.93 49.40 827.73
47.17 818.71 47.46 818.42 47.41 818.47
41.04 823.20 41.27 822.97 41.38 822.86
8.45 816.97 7.71 817.71 7.76 817.66

21.02 818.20 20.75 818.47 20.46 818.76
33.75 820.30 33.95 820.10 33.73 820.32
57.66 833.38 58.03 833.01 58.17 832.87
36.55 812.09 36.95 811.69 36.38 812.26
47.28 829.50 Dry Dry Dry Dry
42.15 824.95 42.66 824.44 42.75 824.35
50.44 825.93 50.77 825.60 50.90 825.47
Dry Dry Dry Dry Dry Dry

15.52 824.72 15.36 824.88 15.93 824.31
25.91 821.31 25.38 821.84 25.69 821.53
23.02 820.38 23.15 820.25 22.75 820.65
Dry Dry Dry Dry Dry Dry

14.10 829.26 14.10 829.26 14.14 829.22
Dry Dry Dry Dry Dry Dry

12.46 818.03 11.72 818.77 11.85 818.64
17.77 824.26 16.70 825.33 17.27 824.76
45.96 829.34 46.21 829.09 46.31 828.99
37.35 823.03 37.85 822.53 37.95 822.43
27.85 829.04 28.17 828.72 28.29 828.60
45.16 824.69 45.54 824.31 45.56 824.29
43.69 817.34 44.17 816.86 44.10 816.93
18.90 817.04 18.37 817.57 18.34 817.60
31.56 817.25 31.61 817.20 31.23 817.58
13.07 817.31 12.52 817.86 12.29 818.09

September 23, 2008July 18, 2008 September 3, 2008
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Table 2
Groundwater Level Elevations

Well Installation TOC
ID Date Elev.

M-1 11/6/07 862.08
M-2 11/12/07 877.13
M-3 11/1/07 865.88
M-4 11/30/07 864.24
M-5 11/13/07 825.42
M-6 11/19/07 839.22
M-7 11/27/07 854.05
M-8 11/13/07 891.04

M-16 11/6/07 848.64
M-18 5/1/08 876.78
M-19 5/21/08 867.10
M-20 5/13/08 876.37
M-21 5/15/08 882.72
M-23 5/14/08 840.24
M-25 5/6/08 847.22
M-26 5/8/08 843.40
M-28 5/14/08 852.45
M-29 5/15/08 843.36
M-31 5/29/08 881.36
M-34 5/7/08 830.49
M-36 5/1/08 842.03
M-37 5/21/08 875.30
M-38 5/22/08 860.38
M-39 5/13/08 856.89
M-41 5/13/08 869.85
M-42 5/15/08 861.03
M-43 5/15/08 835.94
M-45 5/14/08 848.81
M-46 5/21/08 830.38
M-57 9/30/08 884.85
M-58 9/30/08 879.36
M-59 10/1/08 877.41
M-60 10/1/08 876.09
M-61 10/3/08 877.65
M-62 10/2/08 871.34
M-63 10/3/08 862.50
M-64 10/2/08 845.36

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

DTW-TOC WL Elev DTW-TOC WL Elev DTW-TOC WL Elev
36.90 825.18 37.07 825.01 37.31 824.77
49.40 827.73 49.65 827.48 49.90 827.23
47.25 818.63 47.31 818.57 47.23 818.65
41.40 822.84 41.45 822.79 41.55 822.69
NM NM 7.92 817.50 7.80 817.62

20.30 818.92 20.56 818.66 20.32 818.90
33.55 820.50 33.67 820.38 33.36 820.69
58.25 832.79 58.25 832.79 58.50 832.54
35.95 812.69 36.05 812.59 35.71 812.93
47.85 828.93 Dry Dry Dry Dry
42.80 824.30 42.92 824.18 43.21 823.89
51.00 825.37 51.03 825.34 51.20 825.17
Dry Dry Dry Dry Dry Dry

16.00 824.24 16.16 824.08 16.29 823.95
25.70 821.52 25.98 821.24 26.16 821.06
22.75 820.65 22.79 820.61 23.08 820.32
Dry Dry Dry Dry Dry Dry

14.20 829.16 14.50 828.86 14.14 829.22
Dry Dry Dry Dry Dry Dry

11.95 818.54 12.22 818.27 11.91 818.58
17.50 824.53 17.86 824.17 18.22 823.81
45.95 829.35 Dry Dry Dry Dry
37.90 822.48 37.97 822.41 38.05 822.33
28.35 828.54 18.46 838.43 28.65 828.24
45.60 824.25 45.70 824.15 45.86 823.99
43.85 817.18 43.91 817.12 43.63 817.40
18.35 817.59 18.46 817.48 18.41 817.53
31.10 817.71 31.15 817.66 31.10 817.71
12.20 818.18 12.57 817.81 12.00 818.38

Dry Dry Dry Dry
40.56 838.80 40.77 838.59
52.84 824.57 53.04 824.37
50.20 825.89 51.40 824.69
46.63 831.02 46.93 830.72
42.18 829.16 42.47 828.87
36.57 825.93 Damaged Damaged
18.65 826.71 19.31 826.05

October 6, 2008 October 23, 2008 November 26, 2008
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Table 2
Groundwater Level Elevations

Well Installation TOC
ID Date Elev.

M-1 11/6/07 862.08
M-2 11/12/07 877.13
M-3 11/1/07 865.88
M-4 11/30/07 864.24
M-5 11/13/07 825.42
M-6 11/19/07 839.22
M-7 11/27/07 854.05
M-8 11/13/07 891.04

M-16 11/6/07 848.64
M-18 5/1/08 876.78
M-19 5/21/08 867.10
M-20 5/13/08 876.37
M-21 5/15/08 882.72
M-23 5/14/08 840.24
M-25 5/6/08 847.22
M-26 5/8/08 843.40
M-28 5/14/08 852.45
M-29 5/15/08 843.36
M-31 5/29/08 881.36
M-34 5/7/08 830.49
M-36 5/1/08 842.03
M-37 5/21/08 875.30
M-38 5/22/08 860.38
M-39 5/13/08 856.89
M-41 5/13/08 869.85
M-42 5/15/08 861.03
M-43 5/15/08 835.94
M-45 5/14/08 848.81
M-46 5/21/08 830.38
M-57 9/30/08 884.85
M-58 9/30/08 879.36
M-59 10/1/08 877.41
M-60 10/1/08 876.09
M-61 10/3/08 877.65
M-62 10/2/08 871.34
M-63 10/3/08 862.50
M-64 10/2/08 845.36

Notes:

TOC Top of casing 
DTW-TOC Depth to water below 

top of casing 
WL-Elev Water level elavation

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

DTW-TOC WL Elev
36.19 825.89
50.15 826.98
47.01 818.87
41.14 823.10
7.54 817.88

19.08 820.14
32.47 821.58
58.62 832.42
34.27 814.37
48.00 828.78
43.04 824.06
51.12 825.25
Dry Dry

14.63 825.61
23.98 823.24
21.16 822.24
Dry Dry

14.15 829.21
Dry Dry

10.29 820.20
14.70 827.33
46.43 828.87
37.79 822.59
28.66 828.23
45.96 823.89
43.11 817.92
17.85 818.09
30.56 818.25
10.87 819.51
Dry Dry

41.09 838.27
53.26 824.15
52.20 823.89
47.24 830.41
42.47 828.87

Damaged Damaged
18.15 827.21

January 19, 2009
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Table 3 Marshall Steam Station - Industrial Landfill #1
Geologic and Hydrogeologic Data S&ME Project No. 1356-08-122
Information By Location

Ground Oct. 23, 2008 Predominant
Well Surface Top of Water Level Geologic Unit Predominant Soil
ID Elevation Bedrock DTW in Saturated Description in Saturated

(ft-msl) (ft-bls) (ft-bls) (ft-msl) (ft-bls) Screened Interval Screened Interval

M-1 859.07 0 to 15 15 to 37 37 to 64 64 64 795.07 27 to 42 34.06 Saprolite Silty F/M Sand
M-2 874.39 0 to 10 10 to 37 37 to 54 54 64 820.39 34 to 49 46.91 PWR Silty F/M Sand
M-3 863.19 0 to 10 10 to 43 43 to 47.5 47.5 47.5 815.69 31.5 to 46.5 44.62 PWR Silty F/C Sand

0 to 36 36 to 42
42 to 47 47 to 50
30 to 40 40 to 46
46 to 57 57 to 59.7

M-6 836.36 0 to 15 15 to 67 67 to 86.7 86.7 86.7 749.66 15 to 30 17.70 Saprolite Silty F/M Sand
M-7 851.33 0 to 20 20 to 67 67 to 80 80 80 771.33 29 to 44 30.95 Saprolite Silty F/M Sand
M-8 888.98 0 to 24 24 to 47 47 to 62.5 62.5 62.5 826.48 42.5 to 57.5 56.19 PWR Silty F/M Sand

M-16 845.85 0 to 6 6 to 55.5 55.5 55.5 790.35 28 to 43 33.26 PWR Silty F/M Sand
M-17 882.30 0 to 8 8 to 73.2 73.2 to 109.5 109.5 109.5 772.80 N/A N/A N/A
M-18 874.03 0 to 5.5 5.5 to 59 59 to 63.1 63.1 63.1 810.93 40 to 50 Dry Saprolite Fine Sandy Silt
M-19 864.82 0 to 5 5 to 45 45 to 62.9 62.9 62.9 801.92 34 to 44 40.64 Saprolite F/M Sandy Silt
M-20 873.40 0 to 6 6 to 33.7 33.7 to 49.8 49.8 49.8 823.60 39.8 to 49.8 48.06 PWR Gravel (weathered Gneiss fragments)
M-21 880.11 0 to 5 5 to 18.3 18.3 to 33 33 33 847.11 22.6 to 32.6 Dry PWR Silty F/C Sand
M-22 841.50 0 to 5 5 to 8.1 8.1 to 38.1 38.1 38.1 803.40 N/A N/A N/A
M-23 837.73 0 to 10 10 to 18.8 18.8 to 25.2 25.2 25.2 812.53 12.3 to 22.3 13.65 Saprolite Silty F/C Sand
M-24 856.50 Not Encountered 0 to 63.3 63.3 to 73.2 73.2 73.2 783.30 N/A N/A N/A
M-25 844.33 0 to 21 21 to 59 59 to 65 65 65 779.33 18 to 28 23.09 Saprolite Silt
M-26 840.87 0 to 10 10 to 68.5 68.5 to 81.6 81.6 81.6 759.27 22 to 32 20.26 Saprolite Silt
M-27 837.70 0 to 5 5 to 28.4 28.4 to 54.8 54.8 54.8 782.90 N/A N/A N/A
M-28 849.69 0 to 5 5 to 23.5 23.5 to 24.4 24.4 24.4 825.29 14.4 to 24.4 Dry Saprolite Silt
M-29 840.75 Not Encountered Not Encountered 0 to 12.2 12.2 12.2 828.55 1.4 to 11.4 11.89 PWR F/C Sand
M-30 845.10 0 to 5 5 to 28.4 28.4 to 34 34 34 811.10 N/A N/A N/A

5 to 23.4
28.4 to 46.9

M-33 838.60 0 to 15 15 to 38.5 38.5 to 44.9 44.9 44.9 793.70 N/A N/A N/A
M-34 827.97 0 to 5 5 to 63.5 63.5 to 70 70 70 757.97 4 to 14 9.70 Saprolite F/C Sandy Silt
M-35 835.50 0 to 10 10 to 33.1 33.1 to 61.3 61.3 61.3 774.20 N/A N/A N/A

5 to 29 29 to 43.6
43.6 to 53.6 53.6 to 57.6

M-37 872.73 0 to 6 6 to 39.4 39.4 to 44.2 44.2 44.2 828.53 34.2 to 44.2 Dry Saprolite C/vC Sand
M-38 857.75 0 to 7 7 to 64.6 64.6 to 88.4 88.4 88.4 769.35 27 to 37 35.34 Saprolite Silty F/C Sand
M-39 854.21 0 to 6 6 to 29.3 29.3 to 48.1 48.1 48.1 806.11 20.3 to 30.3 15.78 Saprolite F/M Sandy Silt
M-40 873.00 0 to 6 6 to 29.2 29.2 to 45.1 45.1 45.1 827.90 N/A N/A N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

46.9to36.9

20838.81M-36 to0Not Encountered 14.64 Saprolite Silt5 to1057.6 57.6 781.21

46.946.9 832.03 Dry Clayey SiltSaproliteM-31 Not Encountered 28.4to23.45to0878.93

0

IntervalInterval
(ft-bls)

to

Ash
Interval
(ft-bls)

PWRResiduum
Interval
(ft-bls)

59.7

Not Encountered

59.7

(ft-bls)

811.3750Not Encountered 50

762.77

M-4 Not Encountered861.37

Not Encountered822.47M-5 30

Screen
Interval
(ft-bls)

Depth
Borehole 

Total 
Saprolite

3

45to30 38.58

4.9713to

Silty F/M Sand

Fine Sandy Silt

Saprolite

Ash

Not Encountered
Not Encountered
Not Encountered

Not Encountered

Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered

Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered

Not Encountered
Not Encountered
Not Encountered
Not Encountered

Not Encountered
Not Encountered
Not Encountered
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Table 3 Marshall Steam Station - Industrial Landfill #1
Geologic and Hydrogeologic Data S&ME Project No. 1356-08-122
Information By Location

Ground Oct. 23, 2008 Predominant
Well Surface Top of Water Level Geologic Unit Predominant Soil
ID Elevation Bedrock DTW in Saturated Description in Saturated

(ft-msl) (ft-bls) (ft-bls) (ft-msl) (ft-bls) Screened Interval Screened Interval
IntervalInterval

(ft-bls)

Ash
Interval
(ft-bls)

PWRResiduum
Interval
(ft-bls) (ft-bls)

Screen
Interval
(ft-bls)

Depth
Borehole 

Total 
Saprolite

M-41 866.96 0 to 6 6 to 49.3 Not Encountered 49.3 49.3 817.66 36 to 46 42.81 Saprolite F/C Sandy Silt
6 to 29.5 29.5 to 39.5

39.5 to 49.5 49.5 to 57.4
M-43 833.29 0 to 6 6 to 24.3 24.3 to 26.2 26.2 26.2 807.09 10 to 20 15.81 Saprolite Silty F/C Sand

12 to 19.6 19.6 to 29.6
29.6 to 39.6 39.6 to 47

M-45 846.22 0 to 10.5 10.5 to 24.6 24.6 to 40.7 40.7 40.7 805.52 24 to 34 28.56 PWR C/vC Sand
M-46 827.82 0 to 5 5 to 43.2 43.2 to 52.8 52.8 52.8 775.02 8 to 18 10.01 Saprolite F/M Sandy Silt
M-47 829.40 0 to 6 6 to 28.8 28.8 to 45.2 45.2 45.2 784.20 N/A N/A N/A
M-57 881.99 0 to 7 7 to 36.5 Not Encountered 36.5 36.5 845.49 26.5 to 36.5 Dry Saprolite Silty F/M Sand
M-58 876.38 0 to 7 7 to 28.5 28.5 to 38.6 38.6 38.6 837.78 28.6 to 38.6 37.58 PWR Silty F/M Sand
M-59 874.48 0 to 7 7 to 53.5 53.5 to 59 59 59 815.48 49 to 59 49.91 PWR Silty F/M Sand
M-60 873.26 0 to 7 7 to 78.5 78.5 to 79 79 79 794.26 52 to 62 47.37 Saprolite Silty Fine Sand

4.5 to 78.5 78.5 to 83.5
83.5 to 88.5 88.5 to 89

M-62 868.34 0 to 7 7 to 90 Not Encountered Not Encountered 90 778.34 49 to 59 39.18 Saprolite Very Fine Sandy Silt
M-63 859.39 0 to 2 2 to 33.5 33.5 to 46 46 46 813.39 30 to 40 33.46 PWR Silty Fine Sand
M-64 842.37 0 to 4.5 4.5 to 30.5 30.5 to 32 32 32 810.37 10 to 20 15.66 Saprolite Silty Very Fine Sand

Information By Geologic Unit

Geologic
Unit

Ash*
Residuum
Saprolite

PWR

* The ash characteristics listed above are from the structural fill area. The ash in the ash basins in Site 1 could not be accecessed at the time of exploration, however similar data was obtained 
from previous studies at Duke Energy's Allen Steam Station. The results are as follows: 

Hydraulic Conductivity Range Based on Slug Test Data (cm/sec)  
Hydraulic Conductivity Range Based on Laboratory Data (cm/sec)
Total Porosity Range Based on Laboratory Data (%)

ft-msl: feet relative to mean sea level
ft-bls: feet below land surface
N/A: not applicable
cm/sec: centimeters per second

785.64

N/A

43.6251to41M-61 874.64 Not Encountered

M-44 829.70 Not Encountered N/AN/A0 to 12 47

0 to 4.5 Not Encountered 89 Silty Fine SandSaprolite

to37800.77

47 782.7 N/A N/A

Not Encountered Silty F/C SandSaprolite41.05476 57.4 57.40 toM-42 858.17

Hydraulic Conductivity RangeHydraulic Conductivity Range

(cm/sec)

Not Estimated

(cm/sec)
Based on Laboratory DataBased on Grain Size Data

Total Porosity Range
Based on Laboratory Data

(%)

0 to 30 Not Estimated Not Estimated

42 to 452.0E-4 to 8.4E-4
1.0E-04 to 1.0E-03

0 to 109.5 5.84E-06 to 2.76E-02 Not Estimated
0 to 90 1.12E-06 to 2.89E-02 2.95E-07 to 4.38E-05 42 to 50
0 to 24 5.70E-05 to 3.56E-04 6.42E-07 to 1.71E-05 44 to 50

Not Encountered

Not Encountered

Not Encountered
Not Encountered

Based on Slug Test Data

Not Encountered

Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered
Not Encountered

Not Estimated
1.3E-03

Hydraulic Conductivity Range

Not Encountered

(ft-bls)
Encountered
Depth Range

(cm/sec)
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Table 4 Marshall Steam Station - Industrial Landfill #1
Summary of  Permeability Data S&ME Project No. 1356-08-122

FIELD - RISING HEAD TESTS
Saturated Predominant Hydraulic Test

Well Depths Soil Geologic Conductivity Method
ID (ft-bls) Description Unit (ft/day) (cm/sec)

M-1 33.56-42 Silty F/M Sand Saprolite 2.9E+00 1.0E-03 Slug Test
M-2 43.89-49 Silty F/M Sand PWR 1.0E+00 3.6E-04 Slug Test
M-3 44.11-46.5 Silty F/C Sand PWR 2.4E+00 8.4E-04 Slug Test
M-4 37.53-45 Silty F/M Sand Saprolite 1.9E+00 6.9E-04 Slug Test
M-5 7.33-13 Fine Sandy Silt Ash 3.8E+00 1.3E-03 Slug Test
M-6 21.16-30 Silty F/M Sand Saprolite 1.4E+00 4.8E-04 Slug Test
M-7 33.7-44 Silty F/M Sand Saprolite 2.8E-01 1.0E-04 Slug Test
M-8 54.76-57 Silty F/M Sand PWR 5.7E-01 2.0E-04 Slug Test
M-16 37.59-43 Silty F/M Sand PWR 9.1E-01 3.2E-04 Slug Test

Geometric Average (All) 4.6E-04
Arithmetic Average (All) 5.9E-04
Geometric Average (Saprolite) 4.3E-04
Arithmetic Average (Saprolite) 5.7E-04
Geometric Average (PWR) 3.7E-04
Arithmetic Average (PWR) 4.3E-04

Notes:
Geometric averages were obtained by taking the natural log of the individual hydraulic conductivity values, finding the mean of the 
natural logs for the geologic unit, and then obtaining the exponential of that value.
Example: Geometric Average (selected saprolite wells) Well ID K ln(K)

M-1 1.0E-03 -6.89
M-4 6.9E-04 -7.29
M-6 4.8E-04 -7.64

mean ln(K) = -7.27
exp(mean ln(K))= 7.0E-04

Rising Head
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Table 4 Marshall Steam Station - Industrial Landfill #1
Summary of  Permeability Data S&ME Project No. 1356-08-122

FIELD - FALLING HEAD TESTS
Saturated Predominant Hydraulic Test

Well Depths Soil Geologic Conductivity Method
ID (ft-bls) Description Unit (ft/day) (cm/sec)

M-1 38-41 Micaceous Silty F/M Sand PWR 1.1E-02 3.7E-06
M-2 44-47 Micaceous Silty F/M Sand PWR 8.5E-02 3.0E-05
M-5 10.1 Ash Ash 3.3E+00 1.2E-03
M-5 35.1-38.1 Silty F/M Sand Saprolite 1.5E-01 5.3E-05
M-5 40.1-43.1 Micaceous Silty F/M Sand Saprolite 9.2E-02 3.3E-05
M-5 44.3-47.3 Micaceous Silty F/M Sand Saprolite 8.3E-02 2.9E-05
M-6 18.6-21.6 Micaceous Silty F/M Sand Saprolite 2.4E-01 8.5E-05
M-6 28.4-31.4 Micaceous Silty F/M Sand Saprolite 3.1E-01 1.1E-04
M-6 38.4-41.4 Micaceous Silty F/M Sand Saprolite 3.8E-02 1.4E-05
M-6 68.1-71.1 Micaceous Silty F/M Sand PWR 1.7E-02 6.1E-06
M-8 48.5-51.5 Micaceous Silty F/M Sand PWR 3.4E-02 1.2E-05
M-16 38-41 Micaceous Silty F/M Sand PWR 6.4E-02 2.3E-05

Geometric Average (All) 3.4E-05
Arithmetic Average (All) 1.3E-04
Geometric Average (Ash) 1.2E-03
Arithmetic Average (Ash) 1.2E-03
Geometric Average (Saprolite) 4.3E-05
Arithmetic Average (Saprolite) 5.4E-05
Geometric Average (PWR) 1.2E-05
Arithmetic Average (PWR) 1.5E-05

Notes:
Geometric averages were obtained by taking the natural log of the individual hydraulic conductivity values, finding the mean of the 
natural logs for the geologic unit, and then obtaining the exponential of that value.

Falling Head
Open Hole
Open Hole

Open Hole

Open Hole
Open Hole
Open Hole
Open Hole
Open Hole

Flush Bottom
Open Hole
Open Hole
Open Hole

Page 2 of 3



Table 4 Marshall Steam Station - Industrial Landfill #1
Summary of  Permeability Data S&ME Project No. 1356-08-122

LABORATORY - REMOLDED SAMPLES
Sample Predominant Confining Hydraulic 

Well Depth Soil Geologic Sample Pressure Conductivity
ID (ft-bls) Description Unit Type (psi) (cm/sec)

M-2 10'-15' Micaceous Silty fine Sand Saprolite Bag 2.5 4.38E-05
M-4 0-5' Silty Clay with fine Sand Saprolite Bag 2.5 2.95E-07
M-6 0-5' Clayey Silt with trace fine Sand Residuum Bag 2.5 1.18E-06
M-6 5'-10' Clayey Silt with fine Sand Residuum Bag 2.5 1.97E-06
M-6 10'-15' Mica Clayey Silt with F Sand Residuum Bag 2.5 1.71E-05
M-7 0-5' F/M Sandy Silty Clay Residuum Bag 2.5 3.50E-06
M-8 5'-10' Fine Sandy Silty Clay Residuum Bag 2.5 6.42E-07

CALCULATED - BASED ON GRAIN SIZE
Estimated

Sample Predominant d10 Grain Hydraulic 
Well Depth Soil Geologic Size Conductivity
ID (ft-bls) Description Unit (cm) (cm/sec)

M-1 10-15 Fine Sandy Clayey Silt Residuum 1.30E-04 9.64E-07
M-2 5-10 Micaceous fine Sandy Silt Residuum 2.50E-04 3.56E-06
M-2 10-15 Micaceous Silty fine Sand Saprolite 5.00E-04 1.43E-05
M-2 44.1-45.6 Micaceous Silty F/M Sand PWR 1.95E-03 2.17E-04
M-3 10-15 Micaceous F/M Sandy Clayey Silt Saprolite 1.38E-04 1.09E-06
M-3 42.8-43.5 Micaceous Silty F/M Sand Saprolite 2.25E-03 2.89E-04
M-5 8.6-10.1 Silt with fine Sand Ash 1.45E-03 1.20E-04
M-6 23.3-24.8 Micaceous fine Sandy Silt Saprolite 4.75E-04 1.29E-05
M-8 5-10 Fine Sandy Silty Clay Residuum 1.36E-04 1.05E-06
M-8 10-15 Fine Sandy Silty Clay Residuum 1.00E-04 5.70E-07
M-8 38.5-40 Fine Sandy Silt Saprolite 7.50E-04 3.21E-05
M-16 8-10 Micaceous Clayey Silty Fine Sand PWR 1.18E-04 7.87E-07
M-16 13-15 Micaceous Clayey Silty F/M Sand PWR 1.37E-04 1.07E-06
M-16 39-40 Micaceous Silty Fine Sand PWR 3.20E-03 5.84E-04
M-17 20-25 Micaceous Fine Sandy Silt Saprolite 2.50E-04 3.56E-06
M-18 19-24 Clayey Silty Fine Sand Saprolite 1.50E-04 1.28E-06
M-24 15-20 Fine Sandy Silty Clay Saprolite 1.50E-04 1.28E-06
M-40 29.2-34.2 Micaceous Clayey Silty F/M Sand PWR 3.20E-04 5.84E-06
M-41 24.5-29.5 Micaceous Fine Sandy Clayey Silt Saprolite 2.50E-04 3.56E-06
M-42 14.5-19.5 Micaceous Fine Sandy Silt Saprolite 1.40E-04 1.12E-06
M-57 13.5-15' Micaceous Silty Medium to Fine Sand Saprolite 1.50E-03 1.28E-04
M-58 28.5-30' Silty Medium to Fine Sand PWR 2.30E-03 3.02E-04
M-59 28.5-30' Medium to Fine Sandy Silt Saprolite 3.50E-04 6.99E-06
M-60 68.5-70' Medium to Fine Sandy Silt Saprolite 8.50E-04 4.12E-05
M-61 18.5-20' Silty Medium to Fine Sand Saprolite 9.50E-04 5.15E-05
M-61 78.5-80' Medium to Fine Sandy Silt PWR 9.50E-04 5.15E-05
M-62 33.5-35' Fine Sandy Silt Saprolite 8.00E-04 3.65E-05
M-63 8.5-10' Silty Coarse to Fine Sand Saprolite 1.50E-03 1.28E-04
M-64 13.5-15' Silty Coarse to Fine Sand Saprolite 1.80E-03 1.85E-04
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Table 5 Marshall Steam Station - Industrial Landfill #1
Summary of Porosity Data S&ME Project No. 1356-08-122

Predominant Soil Laboratory
Well Sample Sample Soil Geologic USCS Data Used For Effective Total
ID Type Depth Desription Unit Classification Calculation Porosity Porosity

M-1 BAG 0-5' Clayey Silt with fine Sand Residuum MH Hydrometer 0.03 0.48
M-1 BAG 5'-10' Clayey Silt with fine Sand Residuum MH Hydrometer 0.04 0.47
M-1 BAG 10'-15' fine Sandy Clayey Silt Residuum ML Hydrometer 0.05 0.46

AVE 0.47
M-2 BAG 0-5' Micaceous fine Sandy Clayey Silt Residuum ML Hydrometer 0.04 0.48
M-2 BAG 5'-10' Micaceous fine Sandy Silt Residuum ML Hydrometer 0.17 0.44
M-2 BAG 10'-15' Micaceous Silty fine Sand Saprolite SM Hydrometer 0.21 0.44
M-2 SPOON 44.1'-45.6' Micaceous Silty fine to medium Sand PWR Hydrometer 0.29 0.42

AVE 0.45
M-3 BAG 0-5' fine Sandy Clayey Silt Residuum ML Hydrometer 0.04 0.47
M-3 BAG 5'-10' Micaceous medium to fine Sandy Clayey Silt Residuum ML Hydrometer 0.12 0.45
M-3 BAG 10'-15' Micaceous medium to fine Sandy Clayey Silt Saprolite ML Hydrometer 0.14 0.45
M-3 SPOON 42.8'-43.5' Micaceous Silty fine to medium Sand Saprolite Hydrometer 0.29 0.42

AVE 0.45
M-4 BAG 0-5' Silty Clay with fine Sand Saprolite CH Hydrometer 0.02 0.49
M-4 BAG 5'-10' fine Sandy Clayey Silt Saprolite ML Hydrometer 0.03 0.48
M-4 BAG 10'-15' fine Sandy Clayey Silt Saprolite ML Hydrometer 0.04 0.47

AVE 0.48
M-5 SPOON 8.6'-10.1' Silt with fine Sand Ash Hydrometer 0.18 0.44

M-6 BAG 0-5' Clayey Silt with trace fine Sand Residuum MH Hydrometer 0.01 0.50
M-6 BAG 5'-10' Clayey Silt with fine Sand Residuum MH Hydrometer 0.03 0.48
M-6 BAG 10'-15' Micaceous Clayey Silt with fine Sand Residuum ML Hydrometer 0.06 0.46
M-6 SPOON 23.3'-24.8' Micaceous fine Sandy Silt Saprolite Hydrometer 0.18 0.44

AVE 0.47
M-7 BAG 0-5' medium to fine Sandy Silty Clay Residuum CL Hydrometer 0.04 0.47
M-7 BAG 5'-10' Clayey Silty fine Sand Residuum SC-SM Hydrometer 0.14 0.45
M-7 BAG 10'-15' fine Sandy Clayey Silt Residuum ML Hydrometer 0.08 0.45

AVE 0.46
M-8 BAG 0-5' fine Sandy Silty Clay Residuum CL Hydrometer 0.05 0.46
M-8 BAG 5'-10' fine Sandy Silty Clay Residuum CL Hydrometer 0.13 0.45
M-8 BAG 10'-15' fine Sandy Silty Clay Residuum CL Hydrometer 0.11 0.45
M-8 SPOON 38.5'-40' fine Sandy Silt Saprolite Hydrometer 0.22 0.43

AVE 0.45
M-16 BAG 3'-5' fine Sandy Silty Clay Residuum CL Hydrometer 0.05 0.46
M-16 BAG 8'-10' Micaceous Clayey Silty fine Sand PWR SC Hydrometer 0.13 0.45
M-16 BAG 13'-15' Micaceous Clayey Silty medium to fine Sand PWR SC Hydrometer 0.15 0.44
M-16 SPOON 39'-40' Micaceous Silty fine Sand PWR Hydrometer 0.30 0.42

AVE 0.44

Notes:
Porosity from Hydrometers was calculated from Fetter and Bear diagrams based on Grain size (Calculation in App III).
Porosity from Proctors calculated in Appendix III, based on Maximum Dry Density.
Porosity from Permeabilities calculated the same as from proctors, except dry density was taken from unit weight of soil in shelby tube.

Page 1 of 2



Table 5 Marshall Steam Station - Industrial Landfill #1
Summary of Porosity Data S&ME Project No. 1356-08-122

Predominant Soil Laboratory
Well Sample Sample Soil Geologic USCS Data Used For Effective Total
ID Type Depth Desription Unit Classification Calculation Porosity Porosity

M-17 BAG 20-25' Micaceous Fine Sandy Clayey Silt Saprolite ML Hydrometer 0.16 0.44
AVE 0.44

M-18 BAG 19-24' Clayey Silty Fine Sand Saprolite SC-SM Hydrometer 0.13 0.45
AVE 0.45

M-19 BAG 3.3-8.3' Clayey Silt with Fine Sand Saprolite ML Hydrometer 0.03 0.47
AVE 0.47

M-20 BAG 13.7-18.7' Clayey Silt with Fine Sand Saprolite MH Hydrometer 0.04 0.46
AVE 0.46

M-21 BAG 3.3-8.3' Fine Sandy Silty Clay Saprolite CL Hydrometer 0.04 0.47
AVE 0.47

M-23 BAG 3.8-11.8' Silty Clayey Fine Sand Residuum SC Hydrometer 0.06 0.45
AVE 0.45

M-24 BAG 15-20' Fine Sandy Silty Clay Saprolite CL Hydrometer 0.12 0.45
AVE 0.45

M-25 BAG 0-5' Fine Sandy Silty Clay Residuum CH Hydrometer 0.02 0.50
AVE 0.50

M-26 BAG 3.5-8.5' Medium to Fine Sandy Clayey Silt Residuum ML Hydrometer 0.11 0.45
AVE 0.45

M-28 BAG 3.5-8.5' Fine Sandy Silty Clay Saprolite CL Hydrometer 0.03 0.50
AVE 0.50

M-31 BAG 0-5' Clayey Silt with Fine Sand Residuum MH Hydrometer 0.01 0.50
AVE 0.50

M-33 BAG 3.5-8.5' Fine Sandy Clayey Silt Residuum ML Hydrometer 0.04 0.49
AVE 0.49

M-35 BAG 3-8' Fine Sandy Silty Clay Residuum CH Hydrometer 0.01 0.50
AVE 0.50

M-39 BAG 1-9' Fine Sandy Clayey Silt Residuum ML Hydrometer 0.04 0.49
AVE 0.49

M-40 BAG 29.2-34.2' Micaceous Clayey Silty Medium to Fine Sand PWR SM Hydrometer 0.17 0.44
AVE 0.44

M-41 BAG 24.5-29.5' Micaceous Fine Sandy Clayey Silt Saprolite ML Hydrometer 0.16 0.44
AVE 0.44

M-42 BAG 14.5-19.5' Micaceous Fine Sandy Clayey Silt Saprolite ML Hydrometer 0.14 0.44
AVE 0.44

M-57 SPOON 13.5'-15' Micaceous Silty Medium to Fine Sand Saprolite SM Hydrometer 0.24 0.43
AVE 0.43

M-58 SPOON 28.5'-30' Silty Medium to Fine Sand Saprolite SM Hydrometer 0.29 0.42
AVE 0.42

M-59 SPOON 3.5'-5' Fine Sandy Clayey Silt Residuum MH Hydrometer 0.04 0.47
M-59 SPOON 28.5'-30' Medium to Fine Sandy Silt Saprolite ML Hydrometer 0.16 0.43

AVE 0.45
M-60 SPOON 68.5'-70' Medium to Fine Sandy Silt Saprolite ML Hydrometer 0.21 0.44

AVE 0.44
M-61 SPOON 18.5'-20' Silty Medium to Fine Sand Saprolite SM Hydrometer 0.23 0.43
M-61 SPOON 78.5'-80' Medium to Fine Sandy Silt PWR SM Hydrometer 0.20 0.44

AVE 0.43
M-62 SPOON 33.5'-35' Fine Sandy Silt Saprolite ML Hydrometer 0.19 0.44

AVE 0.44
M-63 SPOON 8.5'-10' Silty Coarse to Fine Sand Saprolite SM Hydrometer 0.26 0.43

AVE 0.43
M-64 SPOON 13.5'-15' Silty Coarse to Fine Sand Saprolite SM Hydrometer 0.29 0.42

AVE 0.42

Notes:
Porosity from Hydrometers was calculated from Fetter and Bear diagrams based on Grain size (Calculation in App III).
Porosity from Proctors calculated in Appendix III, based on Maximum Dry Density.
Porosity from Permeabilities calculated the same as from proctors, except dry density was taken from unit weight of soil in shelby tube.

Page 2 of 2



Table 6 Marshall Steam Station - Industrial Landfill #1
Groundwater Flow Velocity S&ME Project No. 1356-08-122

11/26/2008
K n I v

Well TOC Hydraulic Cond. porosity DTW-TOC WL-Elev. Gradient Flow Velocity Predominant
ID Elev. (ft/day) effective (ne) total (n) (ft) (ft) (ft/ft) (ft/yr) Geologic Unit

M-1 862.08 2.9E+00 18% 44% 37.31 824.77 0.01 59 Saprolite
M-2 877.13 1.0E+00 29% 42% 49.90 827.23 0.01 13 PWR
M-3 865.80 2.4E+00 29% 42% 47.23 818.65 0.02 60 PWR
M-4 864.24 1.9E+00 18% 44% 41.55 822.69 0.01 39 Saprolite
M-5 825.42 3.8E+00 18% 44% 7.80 817.62 0.002 15 Ash
M-6 839.22 1.4E+00 18% 44% 20.32 818.90 0.01 28 Saprolite
M-7 854.05 2.8E-01 18% 44% 33.36 820.69 0.02 11 Saprolite
M-8 891.04 5.7E-01 22% 43% 58.50 832.54 0.03 28 PWR

M-16 848.64 9.1E-01 30% 42% 35.71 812.93 0.01 11 PWR

Geometric Average 24
Notes: ArithmetricAverage 29

Flow Velocity =  (K*I)/ne
Shaded numbers indicate value estimated from similar soil types
K value from Bouwer and Rice Slug Test Data
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Table 7
Summary of Laboratory Test Data

Boring Sample Sample Lithologic USCS Natural Percent Percent Percent 
Number Depth Type1 Unit Symbol2 Moisture3 Finer #200 Silt Clay LL Plastic MDD, γd OMC MDD, γd W Avg. K

(%) (%) (%) (%) (%) Index (pcf) (%) (pcf) (%) (cm/sec)

M-1 0-5' Bulk Residuum MH 25.4 73.7 33.2 40.5 58 23 101.6 19.5

M-1 5-10' Bulk Residuum MH 27.2 80.9 46.9 34.0 57 19 97.0 23.0

M-1 10-15' Bulk Residuum ML 21.7 68.2 40.7 27.5 47 15 104.7 18.7

M-2 0-5' Bulk Residuum ML 12.9 64.3 28.8 35.5 46 10 98.2 22.0

M-2 5-10' Bulk Residuum ML 9.9 50.8 37.5 13.3 33 2 102.2 18.0

M-2 10-15' Bulk Saprolite SM 7.0 44.1 34.1 10.0 31 2 107.1 16.4 102.3 18.2 4.38E-05

M-3 0-5' Bulk Residuum ML 22.1 63.6 28.1 35.5 48 15 99.3 22.5

M-3 5-10' Bulk Residuum ML 19.2 54.1 33.6 20.5 41 7 101.9 20.0

M-3 10-15' Bulk Saprolite ML 16.1 51.5 34.2 17.3 37 4 104.5 17.6

M-4 0-5' Bulk Saprolite CH 22.9 70.9 25.9 45.0 53 25 96.5 24.1 91.3 26.3 2.95E-07

M-4 5-10' Bulk Saprolite ML 16.4 67.5 30.5 37.0 45 17 105.0 18.7

M-4 10-15' Bulk Saprolite ML 16.1 63.1 30.6 32.5 40 14 108.1 17.0

M-5 8.6-10.1' SS Ash 77.4 73.1 4.3

M-6 0-5' Bulk Residuum MH 31.9 89.2 31.4 57.8 68 30 89.4 29.5 85.1 31 1.18E-06

M-6 5-10' Bulk Residuum MH 32.7 81.7 43.7 38.0 54 18 93.0 27.0 89 29.9 1.97E-06

M-6 10-15' Bulk Residuum ML 32.8 70.4 44.4 26.0 45 6 90.6 27.2 86.1 29.5 1.71E-05

M-6 23.3-24.8' SS Saprolite 59.4 48.9 10.5

M-7 0-5' Bulk Residuum CL 18.8 53.5 20.0 33.5 41 16 106.5 17.0 101.5 19.3 3.50E-06

M-7 5-10' Bulk Residuum SC-SM 12.9 44.7 26.7 18.0 28 7 115.8 13.3

M-7 10-15' Bulk Residuum ML 11.2 59.8 36.3 23.5 35 8 110.9 16.2

M-8 0-5' Bulk Residuum CL 9.4 61.4 33.7 27.7 44 23 114.5 15.0

M-8 5-10' Bulk Residuum CL 7.4 53.5 37.5 16.0 36 13 117.7 12.0 112.6 14.2 6.42E-07

M-8 10-15' Bulk Residuum CL 10.8 61.5 41.8 19.7 38 15 113.8 14.0

M-8 38.5-40' SS Saprolite 50.7 42.9 7.8

M-16 3-5' Bulk Residuum CL 16.4 57.4 27.6 29.8 34 16 114.7 15.7

M-16 8-10' Bulk PWR SC 6.3 45.0 27.7 17.3 27 9 125.5 11.0

M-16 13-15' Bulk PWR SC 6.6 44.7 28.2 16.5 27 9 127.8 10.0

M-16 39'-40' SS PWR 21.9 18.4 3.5
Notes:
1 Sample type: SS = split spoon sample; Bulk = bulk sample.
2

3 Natural moisture content was obtained from triaxial, one-dimensional consolidation, permeability, or other laboratory test reports.  Values reported are averages where more than one result was reported.
4 Atterberg Limits: LL = Liquid Limit.
5 MDD, γd = maximum dry density; OMC = optimum moisture content; W = moisture content; Avg. K = Average Permeability.

Unified Soil Classification System (USCS) symbol: MH = inorganic silts with plasticity; ML = inorganic silts with slight plasticity; SC = clayey sand; SM = silty sand; GM = silty 
gravel; CH = inorganic clay with plasticity; CL = inorganic clay with slight plasticity. 

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Atterberg Limits4 Standard Proctor5 Remolded Constant Head Permeability 5
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Table 7
Summary of Laboratory Test Data

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Boring Sample Sample Lithologic USCS Natural Percent Percent Percent 
Number Depth Type1 Unit Symbol2 Moisture3 Finer #200 Silt Clay LL Plastic MDD, γd OMC MDD, γd W Avg. K

(%) (%) (%) (%) (%) Index (pcf) (%) (pcf) (%) (cm/sec)

M-17 20-25' Bulk Saprolite ML 13.7 55.2 41.2 14.0 33 4 103.0 18.4

M-18 19-24' Bulk Saprolite SC-SM 13.8 48.4 30.9 17.5 28 7 119.6 12.9

M-19 3.3-8.3' Bulk Saprolite ML 21.2 75.3 39.3 36.0 48 17

M-20 13.7-18.7' Bulk Saprolite MH 23.1 79.3 47.3 32.0 53 20

M-21 3.3-8.3' Bulk Saprolite CL 17.5 70.2 34.7 35.5 44 19 106.5 17.7

M-23 3.8-11.8' Bulk Residuum SC 14.5 45.8 22.1 23.7 24 11 121.7 10.8

M-24 15-20' Bulk Saprolite CL 18.8 51.8 32.8 19.0 32 9 113.6 14.8

M-25 0-5' Bulk Residuum CH 24.6 64.8 20.8 44.0 50 23 105.1 20.1

M-26 3.5-8.5' Bulk Residuum ML 17.0 52.2 29.7 22.5 39 13 113.1 15.1

M-28 3.5-8.5' Bulk Saprolite CL 16.7 57.1 19.6 37.5 38 20 109.9 17.0

M-31 0-5' Bulk Residuum MH 27.4 78.1 28.6 49.5 58 26

M-33 3.5-8.5' Bulk Residuum ML 24.3 65.3 35.3 30.0 41 13

M-35 3-8' Bulk Residuum CH 34.3 70.7 19.7 51.0 65 33 95.7 24.8

M-39 1-9' Bulk Residuum ML 25.4 59.0 26.5 32.5 45 12

M-40 29.2-34.2' Bulk PWR SM 13.3 45.8 32.8 13.0 33 2

M-41 24.5-29.5' Bulk Saprolite ML 9.1 56.2 41.3 14.9 37 10

M-42 14.5-19.5' Bulk Saprolite ML 15.8 56.3 40.0 16.3 38 7
Notes:
1 Sample type: SS = split spoon sample; Bulk = bulk sample.
2

3 Natural moisture content was obtained from triaxial, one-dimensional consolidation, permeability, or other laboratory test reports.  Values reported are averages where more than one result was reported.
4 Atterberg Limits: LL = Liquid Limit.
5 MDD, γd = maximum dry density; OMC = optimum moisture content; W = moisture content; Avg. K = Average Permeability.

Atterberg Limits4 Standard Proctor5 Remolded Constant Head Permeability 5

Unified Soil Classification System (USCS) symbol: MH = inorganic silts with plasticity; ML = inorganic silts with slight plasticity; SC = clayey sand; SM = silty sand; GM = silty 
gravel; CH = inorganic clay with plasticity; CL = inorganic clay with slight plasticity. 
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Table 7
Summary of Laboratory Test Data

Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Boring Sample Sample Lithologic USCS Natural Percent Percent Percent 
Number Depth Type1 Unit Symbol2 Moisture3 Finer #200 Silt Clay LL Plastic MDD, γd OMC MDD, γd W Avg. K

(%) (%) (%) (%) (%) Index (pcf) (%) (pcf) (%) (cm/sec)

M-57 13.5-15' SS Saprolite SM 46.2 42.2 4.0 NP NP

M-58 28.5-30' SS PWR SM 29.4 26.9 2.5 NP NP

M-59 3.5-5' SS Residuum MH 66.4 29.4 37.0 51 16

M-59 28.5-30' SS Saprolite ML 57.3 43.8 13.5 38 3

M-60 68.5-70' SS Saprolite ML 53.8 47.8 6.0 40 7

M-61 18.5-20' SS Saprolite SM 45.9 40.9 5.0 60 2

M-61 78.5-80' SS PWR ML 56.5 50.5 6.0 28 0

M-62 33.5-35' SS Saprolite ML 59.9 52.9 7.0 40 0

M-63 8.5-10' SS Saprolite SM 34.0 30.5 NP 35 NP

M-64 13.5-15' SS Saprolite SM 21.0 17.0 4.0 NP NP
Notes:
1 Sample type: SS = split spoon sample; Bulk = bulk sample.
2

3 Natural moisture content was obtained from triaxial, one-dimensional consolidation, permeability, or other laboratory test reports.  Values reported are averages where more than one result was reported.
4 Atterberg Limits: LL = Liquid Limit.
5 MDD, γd = maximum dry density; OMC = optimum moisture content; W = moisture content; Avg. K = Average Permeability.

Unified Soil Classification System (USCS) symbol: MH = inorganic silts with plasticity; ML = inorganic silts with slight plasticity; SC = clayey sand; SM = silty sand; GM = silty 
gravel; CH = inorganic clay with plasticity; CL = inorganic clay with slight plasticity. 

Atterberg Limits4 Standard Proctor5 Remolded Constant Head Permeability 5
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APPENDIX I 
   

Boring Logs, Well Logs, and Well 
Construction Records 



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



DRAFT



 

 
 
 
 
 
 
APPENDIX II 
   

Field and Laboratory Data 



 

 
 
 
 
 
   

 
 

Rising Head Test Data Sheets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-1
Aquifer Thickness: 13.44 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 36.57 feet
Water Table to Screen Bottom: 8.44 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 44 time and drawdown measurements
Maximum head is 4.94 feet
Minimum head is -2.2 x 10-2 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
1.016 x 10-3 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-2
Aquifer Thickness: 10.11 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 46.63 feet
Water Table to Screen Bottom: 5.11 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 51 time and drawdown measurements
Maximum head is 2.75 feet
Minimum head is -3 x 10-2 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
3.568 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-3
Aquifer Thickness: 7.39 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 46.8 feet
Water Table to Screen Bottom: 2.39 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 41 time and drawdown measurements
Maximum head is 1.632 feet
Minimum head is 0. feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
8.413 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-4
Aquifer Thickness: 12.47 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 40.4 feet
Water Table to Screen Bottom: 7.47 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 51 time and drawdown measurements
Maximum head is 4.367 feet
Minimum head is -1.6 x 10-2 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
6.855 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-5
Aquifer Thickness: 10.67 feet
Screen Length: 10 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 10.28 feet
Water Table to Screen Bottom: 5.67 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 52 time and drawdown measurements
Maximum head is 3.983 feet
Minimum head is 0 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
1.328 x 10-3 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-6
Aquifer Thickness: 13.84 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 24.02 feet
Water Table to Screen Bottom: 8.84 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 52 time and drawdown measurements
Maximum head is 5.326 feet
Minimum head is 0 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
4.831 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-7
Aquifer Thickness: 15.3 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 36.42 feet
Water Table to Screen Bottom: 10.3 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 58 time and drawdown measurements
Maximum head is 4.822 feet
Minimum head is 0 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
1.006 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 1/8/2008
Well Label: M-8
Aquifer Thickness: 7.24 feet
Screen Length: 15 feet
Casing Radius: 1 inches
Effective Radius: 4 inches
Static Water Level: 56.82 feet
Water Table to Screen Bottom: 2.24 feet
Anisotropy Ratio: 1
Time Adjustment: 0 seconds

Test starts with trial 0
There are 35 time and drawdown measurements
Maximum head is 0.329 feet
Minimum head is 0 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
2.029 x 10-4 cm/sec



Calculation of Permeability By The Rising Head Method
(Slug Test)

Site Name: MSS Landfill Siting Survey
Test Date: 12/19/2007
Well Label: M-16
Aquifer Thickness: 10.41
Screen Length: 15
Casing Radius: 1
Effective Radius: 4
Static Water Level: 37.59
Water Table to Screen Bottom: 5.41
Anisotropy Ratio: 1
Time Adjustment: 0

Test starts with trial 0
There are 47 time and drawdown measurements
Maximum head is 4.387 feet
Minimum head is -2 x 10-4 feet

Calculation by Bouwer and Rice Graphical Method

PERMEABILITY
3.208 x 10-4 cm/sec



 

 
 
 
 
 
 
 
 
 
 

 
Falling Head Test Data Sheets 

 
 
 
 
 
 
 
 
 
 
 
 
 



CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/5/2007
Boring I.D. M-1
Test Interval: 38-41 (Partially Weathered Rock)
Total Depth of Hole: 41 1249.68 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R. Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1266.25

60 1265.21 3.44E-06
120 1263.99 4.05E-06
180 1262.87 3.75E-06
240 1262.07 2.64E-06
300 1260.91 3.86E-06
360 1259.88 3.46E-06 Where:
420 1258.60 4.28E-06 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1257.29 4.38E-06 H1 is the Piezometric Head for time; t = t1 (cm)
540 1256.43 2.86E-06 H2 is the Piezometric Head for time; t = t2 (cm)
600 1255.12 4.39E-06 D is the Diameter of the Standpipe (cm)
900 1249.45 3.81E-06 d is the diameter of the Open Length (cm),

1200 1243.69 3.89E-06 m is the Transformation Ratio, Where
1500 1238.17 3.74E-06 Kh is the Horizontal Permeability
1800 1232.44 3.90E-06 Kv is the Vertical Permeability
2400 1221.71 3.68E-06 L is the Open Length of Hole (cm)
3000 1211.28 3.60E-06
3600 1200.30 3.83E-06  Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
3.74E-06
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/8/2007
Boring I.D. M-2
Test Interval: 44 to 47 (Partially Weathered Rock)
Total Depth of Hole: 47 ft 1432.56 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Julie Petersen

Time (sec) Head (cm) Permeability (cm/sec)
0 1326.59

60 1316.07 3.35E-05
120 1306.62 3.03E-05
180 1296.19 3.37E-05
240 1285.98 3.33E-05
300 1274.97 3.61E-05
360 1265.09 3.27E-05 Where:
420 1254.51 3.53E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1244.79 3.27E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1235.85 3.03E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1226.77 3.10E-05 D is the Diameter of the Standpipe (cm)
900 1185.95 2.85E-05 d is the diameter of the Open Length (cm),

1200 1147.41 2.78E-05 m is the Transformation Ratio, Where
1500 1110.40 2.76E-05 Kh is the Horizontal Permeability
1800 1075.00 2.72E-05 Kv is the Vertical Permeability
2400 1012.13 2.53E-05 L is the Open Length of Hole (cm)
3000 959.70 2.24E-05
3600 913.60 2.07E-05  Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
2.99E-05
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(FLUSH BOTTOM IN UNIFORM SOIL)

SITE NAME: MSS Landfill Siting Survey
DATE: 11/8/2007
BORING ID: M-5
DEPTH AT WHICH TEST WAS RUN: 10.1 ft bls (Ash) Bottom of Cased Interval
TOTAL LENGTH OF CASING: 12.1 ft 368.808 cm
CASING ID: 3 in. 7.62 cm
PERFORMED BY: Matthew R Osborne
EQUIPMENT USED: Level Troll Data Logger

Time Length of Head Permeability CALCULATION
(sec) Casing (cm) (cm) (cm/sec)

0 368.808 344.27

Km=π*D/11(t2-t1)*ln(H1/H2)
60 368.808 330.27 1.50E-03

120 368.808 317.32 1.45E-03
180 368.808 305.67 1.36E-03
240 368.808 295.34 1.25E-03 Where:
300 368.808 286.55 1.09E-03 Km is the mean coeffient of permeability
360 368.808 277.80 1.12E-03 H1 is the head for time: t=t1

420 368.808 270.21 1.00E-03 H2 is the head for time: t=t2

480 368.808 262.59 1.04E-03 D is the diameter of the casing
540 368.808 255.76 9.56E-04
600 368.808 249.54 8.93E-04

MEAN PERMEABILITY (cm/sec)
1.17E-03

GRAPH OF FIELD DATA
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/8/2007
Boring I.D. M-5
Test Interval: 35.1 to 38.1 (Saprolite)
Total Depth of Hole: 38.1 1161.288 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1094.27

60 1075.70 7.19E-05
120 1057.96 6.99E-05
180 1042.68 6.11E-05
240 1027.74 6.07E-05
300 1013.96 5.68E-05
360 1001.52 5.19E-05 Where:
420 990.00 4.87E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 979.33 4.56E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 969.27 4.34E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 959.63 4.20E-05 D is the Diameter of the Standpipe (cm)
900 920.40 3.51E-05 d is the diameter of the Open Length (cm),

m is the Transformation Ratio, Where
Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
5.34E-05

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/12/2007
Boring I.D. M-5
Test Interval: 40.1 to 43.1 (Saprolite)
Total Depth of Hole: 43.1 1313.688 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1349.57

60 1336.83 3.99E-05
120 1324.70 3.83E-05
180 1312.68 3.83E-05
240 1301.62 3.56E-05
300 1291.13 3.40E-05
360 1280.98 3.32E-05 Where:
420 1270.98 3.29E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1261.59 3.12E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1252.32 3.10E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1243.81 2.87E-05 D is the Diameter of the Standpipe (cm)
900 1206.34 2.57E-05 d is the diameter of the Open Length (cm),

1200 1176.28 2.12E-05 m is the Transformation Ratio, Where
Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
3.25E-05

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/12/2007
Boring I.D. M-5
Test Interval: 44.3 to 47.3 (Saprolite)
Total Depth of Hole: 47.3 1441.704 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1472.29

60 1450.49 6.27E-05
120 1439.36 3.24E-05
180 1428.14 3.29E-05
240 1417.77 3.06E-05
300 1408.48 2.77E-05
360 1399.33 2.74E-05 Where:
420 1389.39 3.00E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1381.43 2.41E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1372.56 2.71E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1364.39 2.51E-05 D is the Diameter of the Standpipe (cm)
900 1327.23 2.32E-05 d is the diameter of the Open Length (cm),

1200 1297.07 1.93E-05 m is the Transformation Ratio, Where
1500 1271.13 1.70E-05 Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
2.92E-05

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfil Siting Survey
Date: 11/14/2007
Boring I.D. M-6
Test Interval: 18.6-21.6 (Saprolite)
Total Depth of Hole: 21.6 658.368 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 677.71

60 664.73 8.14E-05
120 650.37 9.18E-05
180 636.65 8.96E-05
240 623.54 8.75E-05
300 610.49 8.89E-05
360 598.41 8.40E-05 Where:
420 586.01 8.81E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 574.51 8.33E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 563.08 8.45E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 551.95 8.39E-05 D is the Diameter of the Standpipe (cm)
900 500.95 8.15E-05 d is the diameter of the Open Length (cm),

1200 456.34 7.84E-05 m is the Transformation Ratio, Where
Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
8.52E-05

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfil Siting Survey
Date: 11/15/2007
Boring I.D. M-6
Test Interval: 28.4 to 31.4 (Saprolite)
Total Depth of Hole: 31.4 957.072 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 982.26

60 954.73 1.20E-04
120 928.29 1.18E-04
180 902.80 1.17E-04
240 879.12 1.12E-04
300 856.04 1.12E-04
360 833.72 1.11E-04 Where:
420 813.05 1.06E-04 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 792.93 1.05E-04 H1 is the Piezometric Head for time; t = t1 (cm)
540 772.80 1.08E-04 H2 is the Piezometric Head for time; t = t2 (cm)
600 754.30 1.02E-04 D is the Diameter of the Standpipe (cm)
900 672.41 9.66E-05 d is the diameter of the Open Length (cm),

m is the Transformation Ratio, Where
Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
1.10E-04

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfil Siting Survey
Date: 11/15/2007
Boring I.D. M-6
Test Interval: 38.4 to 41.4 (Saprolite)
Total Depth of Hole: 41.4 1261.872 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1263.48

60 1259.94 1.18E-05
120 1256.10 1.28E-05
180 1251.95 1.39E-05
240 1248.02 1.32E-05
300 1243.84 1.41E-05
360 1240.00 1.30E-05 Where:
420 1236.04 1.35E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1231.55 1.53E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1227.74 1.30E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1223.48 1.46E-05 D is the Diameter of the Standpipe (cm)
900 1203.75 1.37E-05 d is the diameter of the Open Length (cm),

m is the Transformation Ratio, Where
Kh is the Horizontal Permeability

Kv is the Vertical Permeability
L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
1.35E-05

Graph of Field Data
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfil Siting Survey
Date: 11/16/2007
Boring I.D. M-6
Test Interval: 68.1 to 71.1 (Partially Weathered Rock)
Total Depth of Hole: 71.1 2167.128 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 2189.30

60 2187.13 4.16E-06
120 2184.33 5.40E-06
180 2180.40 7.58E-06
240 2177.47 5.65E-06
300 2174.09 6.54E-06
360 2170.70 6.55E-06 Where:
420 2166.74 7.68E-06 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 2163.72 5.86E-06 H1 is the Piezometric Head for time; t = t1 (cm)
540 2160.43 6.40E-06 H2 is the Piezometric Head for time; t = t2 (cm)
600 2157.38 5.94E-06 D is the Diameter of the Standpipe (cm)
900 2140.73 6.51E-06 d is the diameter of the Open Length (cm),

1200 2124.85 6.26E-06 m is the Transformation Ratio, Where
1500 2109.24 6.20E-06 Kh is the Horizontal Permeability
1800 2093.66 6.23E-06 Kv is the Vertical Permeability
2400 2064.12 5.97E-06 L is the Open Length of Hole (cm)
3000 2036.22 5.72E-06
3600 2009.48 5.56E-06  Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
6.13E-06
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/29/2007
Boring I.D. M-12
Test Interval: 63 to 65 (Saprolite)
Total Depth of Hole: 65 1981.2 cm
Length of Open Hole: 2 60.96 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1997.56

60 1991.04 1.80E-05
120 1986.95 1.13E-05
180 1980.64 1.75E-05
240 1975.03 1.56E-05
300 1969.82 1.45E-05
360 1965.00 1.35E-05 Where:
420 1961.04 1.11E-05 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1956.40 1.30E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1951.31 1.43E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1947.68 1.02E-05 D is the Diameter of the Standpipe (cm)
900 1926.31 1.21E-05 d is the diameter of the Open Length (cm),

1200 1907.87 1.06E-05 m is the Transformation Ratio, Where
1500 1894.09 7.98E-06 Kh is the Horizontal Permeability
1800 1880.61 7.86E-06 Kv is the Vertical Permeability

L is the Open Length of Hole (cm)

 Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
1.27E-05
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CALCULATION OF PERMEABILITY BY THE FALLING HEAD METHOD
(Open Hole in Uniform Material)

Site Name: MSS Landfill Siting Survey
Date: 11/6/2007
Boring I.D. M-16
Test Interval: 38 to 41 (Partially Weathered Rock)
Total Depth of Hole: 41 1249.68 cm
Length of Open Hole: 3 91.44 cm
Transformation Ratio  m= 1
Performed by: Matthew R Osborne

Time (sec) Head (cm) Permeability (cm/sec)
0 1348.87

60 1336.68 3.82E-05
120 1335.03 5.18E-06
180 1328.69 2.00E-05
240 1301.59 8.66E-05
300 1289.33 3.98E-05
360 1287.29 6.67E-06 Where:
420 1285.52 5.78E-06 Kh is the Horizontal Coefficient of Permeability (cm/sec)
480 1282.10 1.12E-05 H1 is the Piezometric Head for time; t = t1 (cm)
540 1278.45 1.20E-05 H2 is the Piezometric Head for time; t = t2 (cm)
600 1268.93 3.14E-05 D is the Diameter of the Standpipe (cm)
900 1240.95 1.88E-05 d is the diameter of the Open Length (cm),

1200 1208.63 2.22E-05 m is the Transformation Ratio, Where
1500 1188.72 1.40E-05 Kh is the Horizontal Permeability
1800 1168.51 1.44E-05 Kv is the Vertical Permeability
2400 1129.12 1.44E-05 L is the Open Length of Hole (cm)
3000 1083.96 1.72E-05
3600 1013.72 2.82E-05  Spreadsheet assumes 3" ID Pipe;  Borehole OD = 3"

MEAN PERMEABILITY (cm/sec)
2.27E-05

Graph of Field Data
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Estimated Long - Term Seasonal High Groundwater Calculations
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

A B C D E F G H
Ground Number Calculated Estimated

Monitor Surface Highest of Data STD Long - Term January 2009 Mod. Long - Term
Well ID Elevation Recorded Points Mean DEV Seasonal High WL Data. Difference Factor Seasonal High

(C + 1.80D) (E - F)
(ft msl) (ft msl) (ft bls) (ft msl) (ft bls) (ft msl) (ft bls) (ft msl) (ft bls) (ft) (ft bls) (ft msl)

MW-1 821.20 776.35 44.85 41 773.16 48.04 1.18 775.29 45.91 772.55 48.65 2.74 n/a n/a n/a
MW-2 794.90 791.77 3.13 41 789.96 4.94 0.89 791.57 3.33 790.60 4.30 0.97 n/a n/a n/a
MW-3 811.00 806.70 4.30 42 805.19 5.81 0.69 806.42 4.58 805.07 5.93 1.35 n/a n/a n/a
MW-4 864.50 838.48 26.02 40 832.76 31.74 2.78 837.76 26.74 827.71 36.79 10.05 n/a n/a n/a
MW-5 822.69 799.34 23.35 16 797.41 25.28 1.46 800.04 22.65 797.54 25.15 2.50 n/a n/a n/a
M-1 859.07 n/a n/a n/a n/a n/a n/a n/a n/a 825.89 33.18 n/a 6.5 26.68 832.39
M-2 874.39 n/a n/a n/a n/a n/a n/a n/a n/a 826.98 47.41 n/a 10.0 37.41 836.98
M-3 863.19 n/a n/a n/a n/a n/a n/a n/a n/a 818.87 44.32 n/a 6.5 37.82 825.37
M-4 861.37 n/a n/a n/a n/a n/a n/a n/a n/a 823.10 38.27 n/a 6.5 31.77 829.60
M-5 822.47 n/a n/a n/a n/a n/a n/a n/a n/a 817.88 4.59 n/a 3.0 1.59 820.88
M-6 836.36 n/a n/a n/a n/a n/a n/a n/a n/a 820.14 16.22 n/a 3.0 13.22 823.14
M-7 851.33 n/a n/a n/a n/a n/a n/a n/a n/a 821.58 29.75 n/a 3.0 26.75 824.58
M-8 888.98 n/a n/a n/a n/a n/a n/a n/a n/a 832.42 56.56 n/a 10.0 46.56 842.42

M-16 845.85 n/a n/a n/a n/a n/a n/a n/a n/a 814.37 31.48 n/a 3.0 28.48 817.37
M-18 874.03 n/a n/a n/a n/a n/a n/a n/a n/a 828.78 45.25 n/a 10.0 35.25 838.78
M-19 864.82 n/a n/a n/a n/a n/a n/a n/a n/a 824.06 40.76 n/a 10.0 30.76 834.06
M-20 873.40 n/a n/a n/a n/a n/a n/a n/a n/a 825.25 48.15 n/a 10.0 38.15 835.25
M-21 880.11 n/a n/a n/a n/a n/a n/a n/a n/a Dry Dry n/a n/a n/a n/a
M-23 837.73 n/a n/a n/a n/a n/a n/a n/a n/a 825.61 12.12 n/a 6.5 5.62 832.11
M-25 844.33 n/a n/a n/a n/a n/a n/a n/a n/a 823.24 21.09 n/a 3.0 18.09 826.24
M-26 840.87 n/a n/a n/a n/a n/a n/a n/a n/a 822.24 18.63 n/a 3.0 15.63 825.24
M-28 849.69 n/a n/a n/a n/a n/a n/a n/a n/a Dry Dry n/a n/a n/a n/a
M-29 840.75 n/a n/a n/a n/a n/a n/a n/a n/a 829.21 11.54 n/a 6.5 5.04 835.71
M-31 878.93 n/a n/a n/a n/a n/a n/a n/a n/a Dry Dry n/a n/a n/a n/a
M-34 827.97 n/a n/a n/a n/a n/a n/a n/a n/a 820.20 7.77 n/a 3.0 4.77 823.20

I

(F + H)
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Estimated Long - Term Seasonal High Groundwater Calculations
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

A B C D E F G H
Ground Number Calculated Estimated

Monitor Surface Highest of Data STD Long - Term January 2009 Mod. Long - Term
Well ID Elevation Recorded Points Mean DEV Seasonal High WL Data. Difference Factor Seasonal High

(C + 1.80D) (E - F)
(ft msl) (ft msl) (ft bls) (ft msl) (ft bls) (ft msl) (ft bls) (ft msl) (ft bls) (ft) (ft bls) (ft msl)

I

(F + H)

M-36 838.81 n/a n/a n/a n/a n/a n/a n/a n/a 827.33 11.48 n/a 3.0 8.48 830.33
M-37 872.73 n/a n/a n/a n/a n/a n/a n/a n/a 828.87 43.86 n/a 10.0 33.86 838.87
M-38 857.75 n/a n/a n/a n/a n/a n/a n/a n/a 822.59 35.16 n/a 10.0 25.16 832.59
M-39 854.21 n/a n/a n/a n/a n/a n/a n/a n/a 828.23 25.98 n/a 10.0 15.98 838.23
M-41 866.96 n/a n/a n/a n/a n/a n/a n/a n/a 823.89 43.07 n/a 10.0 33.07 833.89
M-42 858.17 n/a n/a n/a n/a n/a n/a n/a n/a 817.92 40.25 n/a 6.5 33.75 824.42
M-43 833.29 n/a n/a n/a n/a n/a n/a n/a n/a 818.09 15.2 n/a 3.0 12.20 821.09
M-45 846.22 n/a n/a n/a n/a n/a n/a n/a n/a 818.25 27.97 n/a 3.0 24.97 821.25
M-46 827.82 n/a n/a n/a n/a n/a n/a n/a n/a 819.51 8.31 n/a 3.0 5.31 822.51
M-57 881.99 n/a n/a n/a n/a n/a n/a n/a n/a Dry Dry n/a n/a n/a n/a
M-58 876.38 n/a n/a n/a n/a n/a n/a n/a n/a 838.27 38.11 n/a 10.0 28.11 848.27
M-59 874.48 n/a n/a n/a n/a n/a n/a n/a n/a 824.15 50.33 n/a 10.0 40.33 834.15
M-60 873.26 n/a n/a n/a n/a n/a n/a n/a n/a 823.89 49.37 n/a 10.0 39.37 833.89
M-61 874.64 n/a n/a n/a n/a n/a n/a n/a n/a 830.41 44.23 n/a 10.0 34.23 840.41
M-62 868.34 n/a n/a n/a n/a n/a n/a n/a n/a 828.87 39.47 n/a 10.0 29.47 838.87
M-63 859.39 n/a n/a n/a n/a n/a n/a n/a n/a Damaged Damaged n/a n/a n/a n/a
M-64 842.37 n/a n/a n/a n/a n/a n/a n/a n/a 827.21 15.16 n/a 3.0 12.16 830.21

Notes:
1. n/a - not applicable
2. ft msl - feet mean sea level
3. ft bls - feet below land surface
4. G.S. - Groundsurface
5. Modification factors selected from 3 to 10 feet, based on topographic setting. Topographic high areas showing a downward trend in water level elevations received a 

modification factor of 10 feet.  Topographic low areas showing an upward trend in water level elevations received a 3-foot modification factor.  Areas on low ridges 
and side slopes showing a slight decreasing trend in water level elevations received a modification factor of 6.5 feet.
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Precipitation Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1989 2.05 4.94 2.92 3.47 4.59 6.22 6.88 4.52 6.43 4.66 3.09 2.8 52.57
1990 1.55 6.4 5.23 2.37 7.26 2.32 4.69 3.33 0.73 11.94 1.8 3.22 50.84
1991 4.07 2.41 7.65 6.65 2.32 2.7 3.78 5.27 4.41 0.82 1.4 3.21 44.69
1992 2.47 3.26 4.02 3.35 2.87 3.94 2.11 2.74 3.98 4.34 6.98 4.19 44.25
1993 6.28 3.55 7 3.14 3.16 1.82 6.62 3.18 3.12 1.36 4.28 4.44 47.95
1994 5.02 2.99 7.03 2.35 2.74 7.57 9.29 4.6 4.39 1.64 2.94 1.47 52.03
1995 3.95 3.64 2.75 0.36 2.99 8.03 2.07 4.66 4.48 7.58 3.84 1.69 46.04
1996 2.9 3.8 4.07 2.39 3.57 4.46 2.01 7.73 3.83 1.45 4.95 5.16 46.32
1997 3.54 4.99 4.76 7.14 1.71 2.24 8.2 1.07 3.18 3.58 2.66 7.84 50.91
1998 7.9 3.87 3.09 5.45 2.4 4.24 2 2.21 2.84 1.55 1.81 4.6 41.96
1999 4.46 3.01 2.72 3.29 2.42 3.99 1.56 5.28 3.38 3.35 2.01 2.49 37.96
2000 4.16 2.01 3.5 5.79 1.52 3.35 1.87 2.89 7.5 0 2.1 2.05 36.74
2001 2.37 2.56 5.25 1.52 1.19 4.2 6.87 2.57 1.7 0.98 0.8 3.16 33.17
2002 4.94 1.53 3.99 0.46 3.31 2.39 5.32 5.53 4.38 6.67 4.47 5.58 48.57
2003 1.88 5.52 8.64 9.28 7.6 8.55 7.44 5.27 4.61 2 2.97 2.79 66.55
2004 0.89 3.67 2.11 3.19 2.04 6.12 2.43 2.65 9.13 1.34 5.84 3.95 43.36
2005 2.97 2.44 4.52 3.91 1.18 2.51 5.76 2.16 0.11 5.57 1.85 3.95 36.93
2006 3.49 0.59 0.92 3.38 0.58 7.07 1.05 0.47 3.4 2.81 3.19 1.74 28.69
2007 3.55 1.32 2.98 1.71 0.33 1.42 1.17 0.47 0.91 2.38 0.72 3.23 20.19
2008 0.78 --- --- --- --- --- --- --- --- --- --- --- ---
AVG 3.461 3.289474 4.376316 3.642105 2.830526 4.375789 4.269474 3.505263 3.816316 3.369474 3.036842 3.555789 43.66947

SOURCE: State Climate Office of North Carolina
Station: CONOVER OXFORD SHOAL 
State: NC 
ID: 311990 
Latitude:  35.82 degrees 
Longitude: -81.19 degrees 
Elevation: 883 feet 



Historical Monitoring Well Water Level Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Well TOC DTW GW
ID Elev Date TOC Elev

(ft-msl) (ft) (ft-msl)
MW-1 823.70 08/29/89 49.20 774.50
MW-1 823.70 10/16/90 48.20 775.50
MW-1 823.70 11/12/91
MW-1 823.70 08/27/92 49.00 774.70
MW-1 823.70 03/30/93 47.35 776.35
MW-1 823.70 08/02/93 47.35 776.35
MW-1 823.70 02/01/94 49.90 773.80
MW-1 823.70 08/08/94 49.26 774.44
MW-1 823.70 02/01/95 50.08 773.62
MW-1 823.70 03/16/95 50.34 773.36
MW-1 823.70 08/08/95 50.42 773.28
MW-1 823.70 02/13/96 50.87 772.83
MW-1 823.70 08/23/96 50.04 773.66
MW-1 823.70 09/25/96 50.44 773.26
MW-1 823.70 02/12/97 51.54 772.16
MW-1 823.70 08/05/97 50.00 773.70
MW-1 823.70 03/11/98 50.91 772.79
MW-1 823.70 08/05/98 50.01 773.69
MW-1 823.70 02/23/99 51.25 772.45
MW-1 823.70 08/25/99 51.14 772.56
MW-1 823.70 02/07/00 51.92 771.78
MW-1 823.70 08/09/00 51.78 771.92
MW-1 823.70 02/20/01 51.86 771.84
MW-1 823.70 08/06/01 51.47 772.23
MW-1 823.70 02/04/02 52.14 771.56
MW-1 823.70 08/21/02 51.88 771.82
MW-1 823.70 02/13/03 51.83 771.87
MW-1 823.70 08/08/03 48.58 775.12
MW-1 823.70 02/09/04 50.61 773.09
MW-1 823.70 08/17/04 50.82 772.88
MW-1 823.70 01/05/05 50.27 773.43
MW-1 823.70 01/12/05 50.33 773.37
MW-1 823.70 01/29/05 50.53 773.17
MW-1 823.70 02/14/05 50.79 772.91
MW-1 823.70 08/08/05 50.73 772.97
MW-1 823.70 02/27/06 51.23 772.47
MW-1 823.70 08/08/06 51.60 772.10
MW-1 823.70 02/05/07 51.19 772.51
MW-1 823.70 08/01/07 51.54 772.16
MW-1 823.70 02/12/08 51.33 772.37
MW-1 823.70 08/12/08 51.28 772.42
MW-1 823.70 01/19/09 51.15 772.55
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Historical Monitoring Well Water Level Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Well TOC DTW GW
ID Elev Date TOC Elev

(ft-msl) (ft) (ft-msl)
MW-2 797.22 08/29/89 35.10 790.98
MW-2 797.22 10/16/90 6.10 791.12
MW-2 797.22 11/12/91 7.10 790.12
MW-2 797.22 08/27/92 6.50 790.72
MW-2 797.22 03/30/93 5.45 791.77
MW-2 797.22 08/02/93 6.83 790.39
MW-2 797.22 02/01/94 6.47 790.75
MW-2 797.22 08/08/94 7.30 789.92
MW-2 797.22 02/01/95 6.84 790.38
MW-2 797.22 08/08/95 7.21 790.01
MW-2 797.22 02/13/96 7.83 789.39
MW-2 797.22 08/23/96 8.65 788.57
MW-2 797.22 09/25/96 9.30 787.92
MW-2 797.22 02/12/97 8.41 788.81
MW-2 797.22 08/05/97 8.05 789.17
MW-2 797.22 03/11/98 7.60 789.62
MW-2 797.22 08/05/98 9.09 788.13
MW-2 797.22 02/23/99 7.77 789.45
MW-2 797.22 08/25/99 9.13 788.09
MW-2 797.22 02/07/00 8.20 789.02
MW-2 797.22 08/09/00 7.89 789.33
MW-2 797.22 02/20/01 7.42 789.80
MW-2 797.22 08/06/01 7.93 789.29
MW-2 797.22 02/04/02 7.41 789.81
MW-2 797.22 08/21/02 7.17 790.05
MW-2 797.22 02/13/03 7.14 790.08
MW-2 797.22 08/08/03 6.62 790.60
MW-2 797.22 02/09/04 6.94 790.28
MW-2 797.22 08/17/04 6.63 790.59
MW-2 797.22 01/05/05 5.62 791.60
MW-2 797.22 01/12/05 6.10 791.12
MW-2 797.22 01/29/05 6.40 790.82
MW-2 797.22 02/14/05 6.96 790.26
MW-2 797.22 08/08/05 6.93 790.29
MW-2 797.22 02/27/06 6.88 790.34
MW-2 797.22 08/08/06 7.52 789.70
MW-2 797.22 02/05/07 6.93 790.29
MW-2 797.22 08/01/07 7.81 789.41
MW-2 797.22 02/12/08 6.99 790.23
MW-2 797.22 08/12/08 7.57 789.65
MW-2 797.22 01/19/09 6.62 790.6
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Historical Monitoring Well Water Level Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Well TOC DTW GW
ID Elev Date TOC Elev

(ft-msl) (ft) (ft-msl)
MW-3 813.07 08/29/89 8.90 804.17
MW-3 813.07 10/16/90 8.65 804.42
MW-3 813.07 11/12/91 8.60 804.47
MW-3 813.07 08/27/92 8.52 804.55
MW-3 813.07 03/30/93 7.24 805.83
MW-3 813.07 08/02/93 8.69 804.38
MW-3 813.07 02/01/94 7.99 805.08
MW-3 813.07 08/08/94 8.40 804.67
MW-3 813.07 02/01/95 7.87 805.20
MW-3 813.07 03/16/95 7.62 805.45
MW-3 813.07 08/08/95 8.65 804.42
MW-3 813.07 02/13/96 7.48 805.59
MW-3 813.07 08/23/96 7.94 805.13
MW-3 813.07 09/25/96 8.42 804.65
MW-3 813.07 02/12/97 7.62 805.45
MW-3 813.07 08/05/97 8.01 805.06
MW-3 813.07 03/11/98 7.18 805.89
MW-3 813.07 08/05/98 8.25 804.82
MW-3 813.07 02/23/99 7.70 805.37
MW-3 813.07 08/25/99 8.80 804.27
MW-3 813.07 02/07/00 7.97 805.10
MW-3 813.07 08/09/00 8.75 804.32
MW-3 813.07 02/20/01 7.85 805.22
MW-3 813.07 08/06/01 8.53 804.54
MW-3 813.07 02/04/02 8.11 804.96
MW-3 813.07 08/21/02 9.44 803.63
MW-3 813.07 02/13/03 7.76 805.31
MW-3 813.07 08/08/03 7.11 805.96
MW-3 813.07 02/09/04 7.23 805.84
MW-3 813.07 08/17/04 7.65 805.42
MW-3 813.07 01/05/05 7.01 806.06
MW-3 813.07 01/12/05 7.03 806.04
MW-3 813.07 01/29/05 6.88 806.19
MW-3 813.07 02/14/05 7.00 806.07
MW-3 813.07 08/08/05 7.07 806.00
MW-3 813.07 02/27/06 6.37 806.70
MW-3 813.07 08/08/06 6.95 806.12
MW-3 813.07 02/05/07 7.15 805.92
MW-3 813.07 08/01/07 8.35 804.72
MW-3 813.07 02/12/08 8.16 804.91
MW-3 813.07 08/12/08 8.24 804.83
MW-3 813.07 01/19/09 8.00 805.07
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Historical Monitoring Well Water Level Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Well TOC DTW GW
ID Elev Date TOC Elev

(ft-msl) (ft) (ft-msl)
MW-4 867.15 08/29/89 33.70 833.45
MW-4 867.15 10/16/90 31.95 835.20
MW-4 867.15 11/12/91 32.20 834.95
MW-4 867.15 08/27/92 31.80 835.35
MW-4 867.15 03/30/93 28.67 838.48
MW-4 867.15 08/02/93 29.53 837.62
MW-4 867.15 02/01/94 32.18 834.97
MW-4 867.15 08/08/94 32.09 835.06
MW-4 867.15 02/01/95 32.99 834.16
MW-4 867.15 08/08/95 33.02 834.13
MW-4 867.15 02/13/96 32.30 834.85
MW-4 867.15 08/23/96 32.46 834.69
MW-4 867.15 09/25/96 33.14 834.01
MW-4 867.15 02/12/97 32.91 834.24
MW-4 867.15 08/05/97 31.18 835.97
MW-4 867.15 03/11/98 32.45 834.70
MW-4 867.15 08/05/98 31.50 835.65
MW-4 867.15 02/23/99 34.16 832.99
MW-4 867.15 08/25/99 34.44 832.71
MW-4 867.15 02/07/00 35.89 831.26
MW-4 867.15 08/09/00 36.76 830.39
MW-4 867.15 02/20/01 37.62 829.53
MW-4 867.15 08/06/01 38.07 829.08
MW-4 867.15 02/04/02 38.83 828.32
MW-4 867.15 08/21/02 39.32 827.83
MW-4 867.15 02/13/03 38.65 828.50
MW-4 867.15 08/08/03 32.23 834.92
MW-4 867.15 02/09/04 33.75 833.40
MW-4 867.15 08/17/04 34.34 832.81
MW-4 867.15 01/12/05 34.41 832.74
MW-4 867.15 01/29/05 34.34 832.81
MW-4 867.15 02/14/05 34.28 832.87
MW-4 867.15 08/08/05 34.04 833.11
MW-4 867.15 02/27/06 34.56 832.59
MW-4 867.15 08/08/06 35.51 831.64
MW-4 867.15 02/05/07 36.20 830.95
MW-4 867.15 08/01/07 36.82 830.33
MW-4 867.15 02/12/08 38.71 828.44
MW-4 867.15 08/12/08 39.35 827.80
MW-4 867.15 01/19/09 39.44 827.71

Page 7 of 13



Historical Monitoring Well Water Level Data
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

Well TOC DTW GW
ID Elev Date TOC Elev

(ft-msl) (ft) (ft-msl)
MW-5 822.69 08/09/00 25.82 796.87
MW-5 822.69 02/20/01 23.90 798.79
MW-5 822.69 08/06/01 24.96 797.73
MW-5 822.69 02/04/02 24.86 797.83
MW-5 822.69 08/26/02 26.88 795.81
MW-5 822.69 02/13/03 23.60 799.09
MW-5 822.69 02/14/05 23.35 799.34
MW-5 822.69 08/08/05 23.70 798.99
MW-5 822.69 02/27/06 23.68 799.01
MW-5 822.69 08/08/06 25.99 796.70
MW-5 822.69 02/05/07 24.13 798.56
MW-5 822.69 08/01/07 27.04 795.65
MW-5 822.69 02/12/08 26.79 795.90
MW-5 822.69 8/12/2008 27.31 795.38
MW-5 822.69 1/19/2009 25.15 797.54

Notes: Elevations provided by Duke Energy
GW : Groundwater
TOC : Top of Casing
Elev : Elevation
DTW: Depth to Water
ft-msl: Feet mean seal level
ft: Feet
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Well Statistics
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

*Sorted from highest to lowest groundsurface elevation
Highest Lowest

G.S. Mean No. Recorded Recorded Proposed
Well Elev. DTW STD Data DTW DTW GW W.L. Modification
ID (ft-msl) (ft-bls) DEV Points (ft-bls) (ft-bls) Flux Trend Factor

M-8 888.98 55.70 0.70 14 56.69 54.46 2.23 Down 10
M-58 876.38 37.83 0.27 3 38.11 37.58 0.53 Down 10
M-61 874.64 43.92 0.31 3 44.23 43.62 0.61 Down 10
M-59 874.48 50.12 0.21 3 50.33 49.91 0.42 Down 10
M-2 874.39 45.80 1.14 14 47.41 43.92 3.49 Down 10

M-18 874.03 44.89 0.35 5 45.25 44.50 0.75 Down 10
M-20 873.40 47.79 0.40 9 48.23 47.10 1.13 Down 10
M-60 873.26 48.44 1.01 3 49.37 47.37 2.00 Down 10
M-37 872.73 43.53 0.26 6 43.86 43.18 0.68 Down 10
M-62 868.34 39.37 0.17 3 39.47 39.18 0.29 Down 10
M-41 866.96 42.56 0.42 9 43.07 41.84 1.23 Down 10
M-19 864.82 40.18 0.76 9 40.93 38.50 2.43 Down 10
MW-4 864.50 31.74 2.78 40 36.79 26.02 10.77 Down n/a
M-3 863.19 44.40 0.22 14 44.77 44.08 0.69 Sl. Down 6.5
M-4 861.37 38.17 0.36 14 38.68 37.56 1.12 Sl. Down 6.5
M-1 859.07 33.55 0.46 14 34.30 32.56 1.74 Sl. Down 6.5

M-42 858.17 40.79 0.42 9 41.31 40.07 1.24 Sl. Down 6.5
M-38 857.75 35.11 0.35 8 35.42 34.41 1.01 Down 10
M-39 854.21 25.49 0.44 9 25.98 24.73 1.25 Down 10
M-7 851.33 31.24 0.99 14 33.67 29.75 3.92 Up 3

M-45 846.22 28.63 0.35 9 29.08 27.97 1.11 Up 3
M-16 845.85 33.56 0.84 14 34.85 31.48 3.37 Up 3
M-25 844.33 22.63 0.72 9 23.27 21.09 2.18 Up 3
M-64 842.37 15.71 0.58 3 16.32 15.16 1.16 Up 3
M-26 840.87 20.06 0.73 9 20.62 18.63 1.99 Up 3
M-29 840.75 11.57 0.12 9 11.89 11.49 0.40 Sl. Down 6.5
M-36 838.81 13.86 1.17 9 15.00 11.48 3.52 Up 3
M-23 837.73 13.11 0.54 9 13.78 12.12 1.66 Sl. Down 6.5
M-6 836.36 18.36 1.53 14 21.64 16.22 5.42 Up 3

M-43 833.29 15.86 0.42 9 16.71 15.20 1.51 Up 3
M-34 827.97 9.45 0.90 9 11.21 7.77 3.44 Up 3
M-46 827.82 9.93 0.91 9 11.75 8.31 3.44 Up 3
MW-5 822.69 25.28 1.46 16 27.31 23.35 3.96 Up n/a
M-5 822.47 5.36 0.71 13 7.17 4.59 2.58 Up 3

MW-1 821.20 48.04 1.18 41 49.64 44.85 4.79 Up n/a
MW-3 811.00 5.81 0.69 42 7.37 4.30 3.07 Up n/a
MW-2 794.90 4.94 0.89 41 6.98 3.13 3.85 Up n/a

Notes:
(1) G.S Elev. Groundsurface elevation (8) GW Flux Differenece between higest and lowest 

recorded water levels(2) DTW Depth to water
(3) STD DEV Standard deviation (9) W.L. Trend Linear trend from hydrographs taken 

from 2007 to present data.(4) No. Number
(5) ft-msl Feet mean sea level  (10) Proposed modification factor is the amount in feet to be 

added to the January 2009 W.L data for the observations wells 
to reach long-term seasonal high elevations.

(6) ft-bls Feet below land surface
(7) Monitoring wells are highlighted.
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Groundwater Elevation Est. Seasonal High Monthly Precipitation

Highest Recorded = 776.35, 3/30/93 & 8/02/93
Lowest Recorded = 771.56, 2/4/02
Difference = 4.79 ft
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Groundwater Elevation Est. Seasonal High Monthly Precipitation

Highest Recorded = 791.77, 3/30/93
Lowest Recorded = 787.92, 9/25/96
Difference = 3.85 ft
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Groundwater Elevation Est. Seasonal High Monthly Precipitation

Highest Recorded = 806.70, 2/27/06
Lowest Recorded = 803.63, 8/21/02
Difference = 3.07 ft
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Groundwater Elevation Est. Seasonal High Monthly Precipitation

Highest Recorded = 838.48, 3/30/93
Lowest Recorded = 827.71, 1/19/09
Difference = 10.77 ft
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Groundwater Elevation Est. Seasonal High Monthly Precipitation

Highest Recorded = 799.34, 2/14/05
Lowest Recorded = 795.38, 8/12/08
Difference = 3.96 ft
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Observation Well Hydrographs
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

►Predominant Geologic Unit in
Saturated Screened Interval:

►Topographic Setting:
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Observation Well Hydrographs
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122

►Predominant Geologic Unit in
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►Topographic Setting:
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Observation Well Hydrographs
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122
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Observation Well Hydrographs
Marshall Steam Station - Industrial Landfill #1
S&ME Project No. 1356-08-122
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Observation Well Hydrographs
Marshall Steam Station - Industrial Landfill #1
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122

Harleman et al (1963)

k=(6.54E-04)d2

Where: k permeability (cm2)
d10 characteristic particle diameter (cm)

Conversion from permeability to hydraulic conductivity

K=k (pg/μ)
Where: K Hydraulic conductivity (cm/sec)

k permeability (cm2)
p fluid density - 1.0 g/cm3

g gravitational constant - 980 cm/sec 2

μ dynamic viscosity - 0.01124 g/sec*cm

Sample Number: M-1 Geologic Unit: Residuum
Sample Depth: 10-15 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.69E-08 cm k = 1.11E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 9.64E-07 cm/sec

Sample Number: M-2 Geologic Unit: Residuum
Sample Depth: 5-10 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 6.25E-08 cm k = 4.09E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.56E-06 cm/sec

Sample Number: M-2 Geologic Unit: Saprolite
Sample Depth: 10-15 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.50E-07 cm k = 1.64E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.43E-05 cm/sec

5.00E-04

1.30E-04

2.50E-04
Light brown micaceous fine sandy SILT (ML)

Tan micaceous silty fine SAND (SM)

Marshall Steam Station - Industrial Landfill #1

FORMULA

CALCULATIONS

Brown fine sandy clayey SILT (ML)
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-2 Geologic Unit: PWR
Sample Depth: 44.1-45.6 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 3.80E-06 cm k = 2.49E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 2.17E-04 cm/sec

Sample Number: M-3 Geologic Unit: Saprolite
Sample Depth: 10-15 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.90E-08 cm k = 1.25E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.09E-06 cm/sec

Sample Number: M-3 Geologic Unit: Saprolite
Sample Depth: 42.8-43.5 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 5.06E-06 cm k = 3.31E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 2.89E-04 cm/sec

Sample Number: M-5 Geologic Unit: Ash
Sample Depth: 8.6-10.1 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.10E-06 cm k = 1.38E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.20E-04 cm/sec

2.25E-03

Dark gray SILT with fine sand
1.45E-03

1.38E-04
Brown tan micaceous medium to fine sandy clayey SILT (ML)

Gray tan white micaceous silty medium to fine SAND
1.95E-03

Gray brown white micaceous silty medium to fine SAND
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-6 Geologic Unit: Saprolite
Sample Depth: 23.3-24.8 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.26E-07 cm k = 1.48E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.29E-05 cm/sec

Sample Number: M-8 Geologic Unit: Residuum
Sample Depth: 5-10 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.85E-08 cm k = 1.21E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.05E-06 cm/sec

Sample Number: M-8 Geologic Unit: Residuum
Sample Depth: 10-15 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.00E-08 cm k = 6.54E-12 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 5.70E-07 cm/sec

Sample Number: M-8 Geologic Unit: Saprolite
Sample Depth: 38.5-40 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 5.63E-07 cm k = 3.68E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.21E-05 cm/sec

7.50E-04

Brown orange white micaceous fine sandy SILT

Tan brown fine sandy silty CLAY (CL)

Tan brown fine sandy silty CLAY (CL)

4.75E-04

Tan brown fine sandy SILT

1.36E-04

1.00E-04
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-16 Geologic Unit: PWR
Sample Depth: 8-10 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.38E-08 cm k = 9.03E-12 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 7.87E-07 cm/sec

Sample Number: M-16 Geologic Unit: PWR
Sample Depth: 13-15 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.88E-08 cm k = 1.23E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.07E-06 cm/sec

Sample Number: M-16 Geologic Unit: PWR
Sample Depth: 39-40 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.02E-05 cm k = 6.70E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 5.84E-04 cm/sec

Sample Number: M-17 Geologic Unit: Saprolite
Sample Depth: 20-25 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 6.25E-08 cm k = 4.09E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.56E-06 cm/sec

Micaceous Fine Sandy Silt
2.50E-04

1.37E-04

Gray olive micaceous silty fine SAND
3.20E-03

Olive brown micaceous clayey silty medium to fine SAND (SC)

Tan olive brown micaceous clayey silty fine SAND (SC)
1.18E-04
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-18 Geologic Unit: Saprolite
Sample Depth: 19-24 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.25E-08 cm k = 1.47E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.28E-06 cm/sec

Sample Number: M-24 Geologic Unit: Saprolite
Sample Depth: 15-20 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.25E-08 cm k = 1.47E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.28E-06 cm/sec

Sample Number: M-40 Geologic Unit: PWR
Sample Depth: 29.2-34.2 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.02E-07 cm k = 6.70E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 5.84E-06 cm/sec

Sample Number: M-41 Geologic Unit: Saprolite
Sample Depth: 24.5-29.5 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 6.25E-08 cm k = 4.09E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.56E-06 cm/sec

Micaceous Fine Sandy Clayey Silt
2.50E-04

Fine Sandy Silty Clay
1.50E-04

Micaceous Clayey Silty F/M Sand
3.20E-04

Clayey Silty Fine Sand
1.50E-04
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-42 Geologic Unit: Saprolite
Sample Depth: 14.5-19.5 ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.96E-08 cm k = 1.28E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.12E-06 cm/sec

Sample Number: M-57 Geologic Unit: Saprolite
Sample Depth: 13.5-15' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.25E-06 cm k = 1.47E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.28E-04 cm/sec

Sample Number: M-58 Geologic Unit: PWR
Sample Depth: 28.5-30' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 5.29E-06 cm k = 3.46E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.02E-04 cm/sec

Sample Number: M-59 Geologic Unit: Saprolite
Sample Depth: 28.5-30' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 1.23E-07 cm k = 8.01E-11 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 6.99E-06 cm/sec

Micaceous Fine Sandy Silt
1.40E-04

Micaceous Silty Medium to Fine Sand
1.50E-03

Medium to Fine Sandy Silt
3.50E-04

Silty Medium to Fine Sand
2.30E-03
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-60 Geologic Unit: Saprolite
Sample Depth: 68.5-70' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 7.23E-07 cm k = 4.73E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 4.12E-05 cm/sec

Sample Number: M-61 Geologic Unit: Saprolite
Sample Depth: 18.5-20' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 9.03E-07 cm k = 5.90E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 5.15E-05 cm/sec

Sample Number: M-61 Geologic Unit: PWR
Sample Depth: 78.5-80' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 9.03E-07 cm k = 5.90E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 5.15E-05 cm/sec

Sample Number: M-62 Geologic Unit: Saprolite
Sample Depth: 33.5-35' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 6.40E-07 cm k = 4.19E-10 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 3.65E-05 cm/sec

Fine Sandy Silt
8.00E-04

Medium to Fine Sandy Silt
9.50E-04

Silty Medium to Fine Sand
9.50E-04

Medium to Fine Sandy Silt
8.50E-04
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Sample Number: M-63 Geologic Unit: Saprolite
Sample Depth: 8.5-10' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 2.25E-06 cm k = 1.47E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.28E-04 cm/sec

Sample Number: M-64 Geologic Unit: Saprolite
Sample Depth: 13.5-15' ft bls
Soil Classification:
d10 (from grain size analysis): cm

constant= 6.54E-04 k = (6.54E-04)d2

d2= 3.24E-06 cm k = 2.12E-09 cm2

p= 1.0 g/cm3

g= 980 cm/sec2 K = k (pg/μ)

μ=  0.01124 g/sec*cm K = 1.85E-04 cm/sec

Silty Coarse to Fine Sand
1.80E-03

Silty Coarse to Fine Sand
1.50E-03
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122

CALCULATION

CALCULATION

Marshall Steam Station - Industrial Landfill #1

FORMULA
Horizontal hydraulic gradients are based on a change in hydraulic head (Δh) over a measured distance (Δl).

For wells located between two groundwater contours, the gradient is calculated by taking the change in head (the difference in elevation between 
the upgradient and downgradient groundwater contours) and dividing by the distance between the groundwater contours following a projected 
flow path through the well location.  Projected flow paths are perpendicular to the upgradient groundwater contour and bisect the well being 
calculated, but may not be a straight line.

For wells that are not located between two groundwater contours, the gradient is calculated by taking the change in head (the difference between 
an upgradient or downgradient groundwater contour and the groundwater elevation at the well location) and dividing by the distance between the 
groundwater contour and the well location following a projected groundwater flow path through the well location.
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Estimation of Hydraulic Conductivity Based on Grain Size S&ME Project No. 1356-08-122
Marshall Steam Station - Industrial Landfill #1

Maximum Value
Minimum Value

Average Value
Legend
Δh Change in Head
Δl Change in Horizontal Distance
Δh/Δl Horizontal Hydraulic Gradient

M-16 5.07 370 0.014
M-8 2 60 0.033
M-7 2 115 0.017
M-6 2 180 0.011
M-5 0.38 170 0.002
M-4 2 220 0.009
M-3 2 130 0.015
M-2 2 175 0.011

0.0141452M-1
Well ID Δh Δl Δh/Δl

M-18
M-19
M-20
M-23
M-25
M-26
M-28
M-29
M-34
M-36
M-37
M-38
M-39
M-41
M-42
M-43
M-45
M-58
M-59
M-60
M-61
M-62
M-64

2

2
2
2
2

3.22
2

190 0.011
2
2

2
2
2

2.24
2

2.6
2.47
2.29
2.59
2.37
3.31
2.72

2
2

410
110
60
60
270
60
75
190
150
130
100
140
140
165
420
190
60
540
300
230
170
140

0.005
0.018
0.033
0.033
0.007
0.033
0.043
0.011
0.013
0.015
0.020
0.016
0.014
0.016
0.006
0.012
0.043
0.004
0.011
0.012

0.017

0.012
0.014

0.043
0.002
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Fetter and Bear Diagrams 
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