
Appendix E-3 
Summary of Historical Site Investigations 

 

This Appendix provides a summary of the major hydrogeologic investigations that have 
been conducted at the Site.  These investigations provide a basis for the 
hydrogeological interpretations previously discussed in Section E.  This discussion does 
not include every investigation conducted at the Site, but does include those most 
substantive.  
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AE-3-A BENNETT MINERAL INVESTIGATION 
The earliest reported geologic evaluations were conducted to identify the economic 
potential of the Site for extraction of “Fuller’s Earth” (Opaline Claystone).  Approximately 
20 exploratory borings were conducted under the supervision of Dr. Paul Bennett from 
1972 to 1978.  Due to the emphasis on the extent and quality of the claystone, the logs 
of the Bennett borings do not lend themselves to interpretation of hydrogeologic 
conditions.  Moreover, the boring locations were approximated and surveyed elevations 
were not provided.  The logs for 17 of these borings are included in the original 1988 
Part B Permit Application. 

During Dr. Bennett’s tenure at the Pinewood Site, several open hole “monitoring wells” 
were installed.  Well Numbers 1 through 3 were installed in 1977 by Mr. Alan J. 
Lehocky.  Detailed logs of the subsurface materials were prepared, although 
stratigraphic nomenclature was incorrect.  Copies of Mr. Lehocky’s logs were also 
included in the original Part B Permit Application submitted in 1988. 

AE-3-B GEOLOGIC/HYDROGEOLOGIC INVESTIGATIONS 1978-1985 
In 1978, a hydrogeologic investigation was performed by Wehran Engineering of 
Middletown, New York, after the Site had been purchased by South Carolina SCA 
Services, Inc.  The Wehran study was initiated as a geologic/hydrogeologic 
investigation for the construction of a secure hazardous waste disposal facility in 
accordance with the then proposed RCRA regulations. 

The Wehran (1978) investigation consisted of drilling seven deep exploratory borings 
(B-1 through B-7) and the excavation of 32 exploratory test pits (TP-I through TP-32).  
In four of the seven borings, piezometers were installed to measure water levels in the 
saturated materials underlying the claystone. These piezometers were installed in 
borings B-1, B-2, B-4, and B¬5.  Piezometers screened above the claystone were also 
installed within or adjacent to borings B-1, B-2, B-3, B-4, B-5, and B-6.  In addition, 
shallow piezometers were installed in 21 of the 32 test pits.  Six of these test pit 
piezometers were installed along the southwestern site limit beyond the outcrop extent 
of the Opaline Claystone. 

Based on water level measurements from the various piezometers, Wehran (1978) 
concluded that groundwater flow in the Water Table zone above the claystone was 
primarily in a westerly direction, with lateral discharge occurring to the various surface 
watercourses traversing the Pinewood Site.  In addition, Wehran concluded that 
groundwater flow in the confined water-bearing zone beneath the claystone was also 
primarily in a westerly direction with lateral discharge to Lake Marion. 
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Wehran described a detailed stratigraphic sequence at the Pinewood Site consisting (in 
ascending order) of the Upper Cretaceous Tuscaloosa/Middendorf Formation, the 
Tertiary Black Mingo Formation, and a near-surface veneer of Pleistocene age 
unconsolidated deposits.  It should be noted that the terminology of 
Tuscaloosa/Middendorf used by Wehran is incorrect.  The terminology is clarified in 
subsequent sections of this section. 

The Tuscaloosa/Middendorf lithology (as described by Wehran) was typically described 
as follows: 

“Blue-green fine to medium Sand, and Clay & Silt; grading coarser with depth to 
blue-gray coarse to medium Sand, some Clay & Silt, predominantly quartzitic, 
micaceous, dense, stratified, saturated.” 

Wehran subdivided the overlying (unconformable) Black Mingo Formation into four 
subunits, consisting (in ascending order) of the Basal Clay Unit, the Opal Claystone 
Unit, the Red Sand Unit, and the Buhrstone Unit.  The Basal Clay Unit was described as 
follows:   

“Black, very hard, semi-consolidated to consolidated, unctuous (greasy) clay with 
frequent seams of fine sand and silt. A transition zone characterized by hard 
white or green sandstones, with traces of fine gravel was often encountered at 
the base.” 

The basal clay was observed to grade conformably into the overlying claystone. Heron 
et al. (1965) described the claystone as follows:   

“The claystone generally has the texture of a fine-grained sediment such as clay 
or shale.  Where the content of opal is high, the rock is massive, hard, and 
breaks with a good conchoidal fracture. As the content of clay minerals (usually 
montmorillonite) and quartz particles increases, the rock becomes softer and 
develops a sub-conchoidal fracture.  Where the opal is present in only small 
quantities, the sediment has the characteristics of the major clay mineral present.  
The fresh opal claystone is medium to dark gray. Upon exposure to weathering 
agents near the surface, the claystone becomes light gray or even very light gray 
to white.  One of the most obvious characteristics of the opal claystone is its low 
bulk density. Those samples high in impurities have a higher bulk density than 
the purer opal claystones.  A high porosity and a low apparent specific gravity are 
also characteristic.” 

Wehran noted that a system of joints and fractures found in the opal claystone served to 
increase the effective permeability of the unit by several orders of magnitude.  Joint 
spacing (the distance between adjacent joints not the width of the open joint) reportedly 
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ranged from a few inches to several feet.  The joint apertures are typically only a 
fraction of an inch in width. 

The opal claystone was found to be discontinuously overlain by the Red Sand Unit. The 
Red Sand unit was described by Wehran (1978) as follows:  

“The unit varies from cross-bedded, medium sand to laminated silts and clays. 
The color is consistently orange to rust brown.” 

The uppermost unit of the Black Mingo described by Wehran was the discontinuous 
Buhrstone Unit.  This unit reportedly did not exceed two feet in thickness.  Buhrstone 
can be typically described as follows:      

“A silicified fossiliferous limestone, with abundant cavities that were formerly 
occupied by fossil shells. Its cellular character and toughness occasioned its 
extensive use as a millstone in former years.” (American Geological Institute, 
1976) 

The Buhrstone is notable primarily as a “marker bed,” where present, to define the top 
of the “Black Mingo” sequence. 

Within the Quaternary age sequence overlying the Black Mingo, Wehran (1978) 
described three relatively distinct sub-units consisting of the Variegated Clay, the 
Undifferentiated Sand, and the Red Clayey Sand. These units were identified primarily 
for engineering purposes and have little influence on hydrogeologic conditions. 

Since the Wehran investigation, supplemental geologic/hydrogeologic investigations 
have been performed prior to the design and construction of each major landfill 
expansion.  For example, in 1979 exploratory borings B-8 through B-20 were performed 
prior to development of Landfill Section I, Area D. 

In 1981, borings B-21 through B-53 were performed and included the installation of 
eight additional piezometers (Wehran Engineering, 1982).  In early 1982, exploratory 
borings B-54 through B-67 were performed as part of the initial site investigation for 
Landfill Section II.  Later that same year, borings B-68 through B-81 and monitoring 
wells D-5 through D-9 were installed in the vicinity of Landfill Section II. Copies of the 
test boring logs for all of the above-referenced borings were included as Attachment E-
15 of the 2000 Part B submittal. 

AE-3-C SUPPLEMENTAL HYDROGEOLOGIC INVESTIGATION 
Analyses of groundwater samples collected in January 1985 indicated a statistically 
significant change in certain water quality parameters from two of three downgradient 
wells and the upgradient well.  The change was noted when current data was compared 
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to the existing established interim status data base.  Concurrent with the results of the 
statistical test between up and downgradient water quality results, the USEPA and SC 
DHEC were contacted by Facility management.   Based on regulatory interactions and 
data evaluations, it became apparent that the requirement of R.61-79.265.91 (a) (2) for 
a minimum of three downgradient monitoring wells may not have been met by the 
Landfill Section I monitoring system at all times throughout the year.  Site management 
recognized the need for an additional hydrogeologic investigation to more accurately 
define groundwater flow patterns in the water bearing zones beneath the disposal units 

To meet the requirements of R.61-79.264 and R.61-79.265, the parties agreed that a 
more detailed subsurface investigation was needed to delineate the geologic and 
hydrogeologic relationships at the Facility.  A phased technical approach was 
formulated that would better define the following: 

• Groundwater flow in the Sawdust Landing Member of the Rhems Formation 
(part of the “Uppermost Aquifer”) beneath the Facility, 

• Potential need for expanded or additional monitoring of deeper water-bearing 
zones, and  

• Requirements for an improved, Facility-wide groundwater monitoring system. 

A detailed four-phased groundwater assessment plan (Groundwater Assessment Plan, 
dated July 2, 1985) was prepared and implemented in the fall and winter of 1985 to 
accomplish these objectives.  Following is a summary of the various phases of the 
supplemental groundwater investigation presented in the Groundwater Assessment 
Supplemental Hydrogeologic Report dated, December 13, 1985.  

AE-3-C1 Phase I Hydrogeologic Investigation  

A review of existing data was completed as Phase I and a report was submitted to SC 
DHEC in April 1985.  This report included statistical evaluations which indicated that the 
statistical difference detected in January 1985 was a “false positive” and not indicative 
of groundwater quality.  The Phase I report also identified existing wells and 
piezometers suitable for continued usage, and updated the existing stratigraphic 
terminology employing current formational names and rankings to the established 
database. 

Phase I also included a reassessment of the site stratigraphic nomenclature.  This 
reassessment was completed in light of the considerable refinement of the regional 
lithostratigraphy in the years since the initial Facility-wide investigation.  As stated 
earlier, Wehran (1978) incorrectly interpreted the units underlying the opal claystone as 
the Tuscaloosa/Middendorf Formation in accordance with published geologic mapping 
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by Cooke (1936).  The Tertiary age claystone and associated units were assigned to the 
Black Mingo Formation, also in accordance with Cooke (1936). 

Regional mapping by Padgett (1980), Colquhoun et al. (1983), and Prowell (1990) has 
resulted in major revisions to the regional stratigraphy.  The Black Mingo Formation, for 
example, has been upgraded to the status of a group, with subdivision into several 
formations, each of which may have mappable members and even mappable beds.  
Much of what had previously been interpreted as Tuscaloosa/Middendorf lithology is 
now considered to be included within the base of the Black Mingo Group.  This Group 
has been identified as a mappable unit termed the Sawdust Landing member of the 
Rhems Formation.   

The deeper units encountered in the early investigations have been assigned to the 
Late Cretaceous Upper Black Creek Formation.  The Upper Black Creek Formation, as 
discussed in this application, has been shown by Prowell (1990) to actually be 
equivalent to the Peedee Formation.  For purposes of this document, the Peedee 
Formation will continue to be referenced as the Upper Black Creek Formation.   

Few, if any, fundamental changes in the interpretation of subsurface conditions are 
engendered by the revision of the regional stratigraphic nomenclature.  The most 
significant change is in the recognition that the claystone is not immediately underlain 
by the major Tuscaloosa/Middendorf aquifer system as was originally presented in the 
1978 Wehran report.  Instead, the claystone is underlain by the Sawdust Landing 
member of the Rhems Formation of the Black Mingo Group, which in turn is underlain 
by the Upper Black Creek Formation (Peedee Formation).  It is the Upper Black Creek 
formation that forms the first significant and regionally extensive aquifer system.  The 
Tuscaloosa/Middendorf apparently occurs only at depths in excess of 600 feet at the 
Site. 

AE-3-C2 Phase II Hydrogeologic Investigation  

Phase II initiated the on-site investigative portion of the assessment plan and consisted 
of the drilling of 23 confirmatory borings and the installation of 31 small diameter 
piezometers.  The borings were installed to evaluate and confirm the previously 
described stratigraphic sequence.  The piezometers were installed both to enable 
detailed mapping of groundwater flow patterns in the Sawdust Landing water bearing 
zone, and to allow deeper, preliminary mapping of flow paths in the Upper Black Creek.  
This data was necessary for the formulation of an effective hydrogeological database 
prior to the installation of an upgraded groundwater monitoring system.  All new borings 
were logged using gamma, resistivity and spontaneous potential geophysical logging 
techniques. 
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AE-3-C3 Phase III Hydrogeologic Investigation  

Phase III of the supplemental hydrogeological investigation centered on the 
development of an upgraded groundwater monitoring plan.  The plan integrated the 
findings from Phases I and II to provide a basis for a reliable groundwater monitoring 
program.  The monitoring plan was developed to address landfill Sections I and II of the 
Disposal Facility.  The specific items addressed in the monitoring plan included the 
following: 

• The required number of monitoring wells; 
• The adequacy of the existing wells; 
• The appropriate spacing between wells;  
• Recommended well locations and depths; 
• Wells/piezometers to be maintained and used for the annual determination of 

groundwater flow direction; 
• Sampling and analytical protocols, including well construction and sampling 

equipment compatibility with the anticipated analytical parameters, in 
accordance with R.61-79.265.93(d) (3); 

• Recommended parameters for routine analyses and the recommended 
sampling frequency;  

• Appropriate alternative statistical methods to be used in conjunction with 
statistical measures required by R.61-79.265.93(b); and 

• Recommended a data management program to provide continuity and a 
retrievable water quality database and associated statistical and trend 
analyses.  

AE-3-C4 Phase IV Hydrogeologic Investigation  

Phase IV of the supplemental investigation included the implementation phase of the 
groundwater-monitoring plan developed in Phase III.  The implementation entailed 
installation of 29 stainless steel monitoring wells screened within the Sawdust Landing.  
Each monitoring well was equipped with a QED model T-1200 Well Wizard dedicated 
sampling pump constructed entirely of stainless steel and Teflon. 

Four of the monitoring wells (MW-l through MW-4) were located upgradient of the 
current waste disposal areas.  Thirteen monitoring wells (MW-5 through MW-17) were 
installed at 150 foot intervals along the downgradient perimeter of the Section I landfill 
unit.  Eleven monitoring wells (MW-18 through MW-28) were installed at 150 foot 
intervals along the downgradient perimeter of the Section II landfill unit. The 
downgradient wells for both landfill sections were placed no more than 30 feet from the 
waste management boundary. 

6 

 



AE-3-D EXPANDED GROUNDWATER QUALITY ASSESSMENT 
During the last six months of 1986, an Expanded Groundwater Quality Assessment was 
initiated in response to the detection of less than 20 parts per billion (ppb) of an organic 
constituent in one of the old groundwater monitoring wells (2-D), described below, that 
extended into the Upper Black Creek water bearing zone.  This section documents 
expanded assessment activities and presents conclusions obtained as a result of that 
assessment.   

A Phase II Interim Corrective Measures Workplan (Phase II Workplan), dated March 9, 
2005, was designed to further assess the distribution of the VOCs in groundwater in 
these sand lenses and perform Interim Groundwater Corrective Measures in 
coordination with the construction of the First Flush Basin (FFB).  The Phase II 
Workplan provides details of assessment and corrective action activities for 
groundwater associated with the SWMUs, including construction of an underdrain 
system in the slopes of the FFB to collect groundwater containing perchloroethene 
(PCE) and its degradation products contained in the sand lenses.  This Workplan was 
approved by SC DHEC on May 11, 2005. 

Activities associated with the assessment and corrective action of groundwater affected 
by the SWMUs in the sand lenses within the upper portion of the OC and Water Table 
were described in The Assessment of Sand Lenses in the Opaline Claystone & 
Groundwater Corrective Measures report, dated November 2005.  The report 
documents the installation of monitoring wells in the sand lenses (OCS series wells) and 
the delineation of the plume of PCE and its degradation products.  The report also 
provides the details of the installation of sand blanket drains (SBDs) in the slopes of the 
FFB to collect groundwater prior to its discharge into the FFB, thereby keeping 
groundwater separate from surface water in the FFB.  The collected data show that the 
groundwater plume has been delineated, and the SBDs have created a cone of 
depression that effectively captures the entire plume of groundwater containing 
constituents of potential concern (COPCs) above regulatory standards.   

Quarterly Interim Corrective Measures Reports (4th Quarter 2005 and 1st and 2nd 
Quarters 2006) confirm previous findings that COPCs are contained in the sand lenses, 
but not in the shallower Water Table zone above the sand lenses.  These reports also 
show that the cone of depression created by the FFB continues to contain the plume of 
groundwater containing COPCs.  The SBDs are effectively capturing this groundwater.  
The captured groundwater is transferred to on-site, lined storage basins for any 
necessary treatment prior to discharge to Pond A, in accordance with NPDES Permit 
No. SC0042170, effective August 1, 2005.   
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On the basis of these data, the Interim Corrective Measure system for groundwater is 
effectively capturing and treating affected groundwater.  This system is a necessary 
component of the FFB to ensure that groundwater containing COPCs does not 
discharge to surface water in an uncontrolled manner.  Therefore, the SBD system must 
be operated pending reduction in the concentrations of COPCs to an acceptable level.   

The SBD system provides an effective and economical groundwater corrective 
measure.  Consequently, the Interim Corrective Measure for groundwater will serve as 
the Final Corrective Measure for groundwater.  Additional discussion of SWMUs is 
included in Sections J and P.   

The detection of organic constituents occurred during the March 1986 routine Appendix 
IX sampling of several monitoring wells and was confirmed by additional sampling.  
Subsequently, wells and piezometers in the vicinity were sampled and the organic 
constituent was confirmed in pump test well PW-4, piezometer CBC-8, and old 
monitoring well 2-D. 

The expanded groundwater quality assessment was segregated into three phases.  
During the three phases, 28 additional stainless steel monitoring wells were installed 
into various water bearing zones.  All newly installed monitoring wells and select 
existing wells were sampled repeatedly to determine the extent and concentration of 
subsurface constituents.  Details of parameter selection and sampling frequency are 
included in the Expanded Assessment Final Report submitted as part of the initial 1988 
Part B Permit Application.  In addition, numerous short-term aquifer tests were 
performed on the wells to identify characteristics such as theoretical seepage velocities 
and interaquifer relationships.  A minimum of one well at each drilling location was 
geophysically logged. 

The objectives of the Expanded Groundwater Quality Assessment were to determine 
whether the landfill was a source of subsurface constituents, determine the extent of 
constituents in the Upper Black Creek aquifer, and to evaluate potential sources of 
constituents near the well PW-4.  As the assessment progressed, and as evidenced by 
documentation included in the Phase I and II Interim Progress Reports, these objectives 
were met.  However, during the investigation, constituents were detected in the 
unconfined Water Table zone upgradient of Landfill Sections I and II.  At that juncture, 
efforts were incorporated into the assessment program to identify the extent and rate of 
movement of the constituents within the Water Table zone.  Data indicated that water 
table contamination was the result of activities associated with the former mining 
operation and not the landfill.  These pre-existing sources are regulated under 3004 (u) 
of the Solid and Hazardous Waste Amendments of 1984 as Solid Waste Management 
Units (SWMUs). 
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The Final Assessment Report, dated December 15, 1986, summarizes and evaluates 
all data collected and reported in Phases I, II, and III of the Expanded Groundwater 
Quality Assessment Plan.  It describes the source of hazardous constituents, 
potentiometric relationships between zones, and the concentration and extent of 
hazardous constituents in groundwater.  This report was submitted with the original Part 
B Permit Application in 1988. 

The Final Assessment Report also described the need for corrective action measures 
and proposed specific actions, as well as associated time frames, to remediate soil and 
groundwater contamination from the SWMUs.  The plan was subject to the review and 
approval of SC DHEC. 

In the originally proposed Phase III activities (Groundwater Assessment Plan, July 2, 
1985), the Site management had planned to install a maximum of three monitoring 
wells; SL-10 (wells installed in the Sawdust Landing water bearing zone are referenced 
as “SL”), UBC-8 (wells installed in the Upper Sand of the Upper Black Creek aquifer are 
referenced as “UBC”) and LSUBC-IA (wells installed in the Lower Sand of the Upper 
Black Creek aquifer are referenced as “LSUBC”).  

However, as a result of Phase II findings, modifications were made to the field activities 
originally proposed for Phase III.  Thus, during the Expanded Groundwater Quality 
Assessment, 28 additional monitoring wells were installed including: 

• Five wells (UBC-l, UBC-5, UBC-6, UBC-8, and LSUBC-1A) in the second 
sand of the Upper Black Creek. 

• One monitoring well (UBC-4) screened in the first water bearing sand of the 
Upper Black Creek (UBC-A). 

• Two wells (UBC-2 and UBC-7) in both the first and second water bearing 
sand units of the Upper Black Creek (UBC-A/B). 

• Three monitoring wells (UBC-3, SL-5 and SL-10) in the primary sand unit of 
the Sawdust Landing. 

• Two wells (SL-7 and SL-9) in the secondary sand unit of the Sawdust 
Landing. 

• Seven wells (SL-l, -2, -3, -4, -6, -8, and B-52A) in the transitional sand unit of 
the Lang Syne. 

• Eight wells in the unconfined Water Table zone. 
• Four additional wells (WT-4, -5, -6, and -7) in the Water Table zone.  

Samples from wells WT-4, -5, -6, and -7, indicated that the upgradient extent of the area 
of affected groundwater located in the water table had not been reached.  Therefore, on 
December 12, 1986 well   WT-8 was installed and sampled.  Analytical results from this 
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well verified that the upgradient extent of the area of affected ground water had been 
defined.   

During the expanded assessment, groundwater monitoring wells were installed using 
the pit casing method.  This method was chosen because it allowed successive water 
bearing zones to be “sealed off.” Sealing off the zones reduced the potential for drilling-
induced contamination to migrate from shallower zones into deeper zones.  Details of 
well construction and development techniques are included in the Expanded 
Groundwater Quality Assessment Final Report submitted in 1988 with the original Part 
B Permit Application. 

Evaluation of data collected during the expanded assessment determined that 
contamination of the Water Table zone resulted from a SWMU and was not related to 
landfill operations. 

AE-3-E UPPERMOST AQUIFER STUDY 
 On September 25, 1986, a proposal for an Uppermost Aquifer Study (UAS) was 
submitted to SC DHEC.  The UAS was developed in response to a Notice of Deficiency 
(NOD) dated July 7, 1986, and as agreed upon by Facility management and SC DHEC 
in Administrative Consent Order (ACO) 86-74-SW.  The primary objective of the UAS 
was to further characterize the uppermost aquifer.  Specifics of the UAS field program 
included further investigation of the hydrogeology of the shallow saturated units to 
demonstrate their continuity (or discontinuity) and to further delineate the extent (vertical 
and horizontal) of strata in the Sawdust Landing member of the Rhems Formation.  

The field investigation portion of the UAS was segregated into distinct activities for the 
various strata under investigation.  This investigation began with the Water Table zone 
and progressed downward to the Primary Sawdust Landing zone.  The intent was to 
evaluate the four potential water bearing zones which may be identified as an 
uppermost aquifer.  These four zones include the Water Table zone, Secondary 
Sawdust Landing water bearing zone, Primary Sawdust Landing water bearing zone, 
and Upper Black Creek zone.   

To facilitate the evaluation of respective head relationships, short-term drawdown tests 
were performed on selected well clusters as reported in the 1988 Part B Permit 
Application.  Following is a discussion of the UAS field activities and corresponding 
results.  

AE-3-E1  Water Table Zone 

Concurrent with execution of the UAS, two French drain systems (see Figure E-3-1) 
were in place at the Facility.  These French drain systems minimize the migration of 
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shallow groundwater above the Opaline Claystone onto the Site from upgradient areas.  
To further define the hydrogeology of the Water Table zone, the following activities were 
completed: 

• evaluation of hydrogeological information from four water table monitoring 
wells (WT-A, -B, -C, and B-25S); and 

• installation of eight new water table wells in the topographically low area to 
the southwest of landfill Section I (WT-9, -10, -11, -12, -13, -14, -15, and -16). 

The existing wells in conjunction with the eight new wells provided a total of 20 water 
table monitoring wells. 

AE-3-E2  Opaline Claystone of Lang Syne Member of Williamsburg Formation 

Three wells were installed into the Opaline Claystone (OC-2, -3, and -4) to investigate 
the possibility that a water table condition exists within the Opaline Claystone due to 
secondary permeability associated with the presence of fissures or fractures.  These 
three single wells were installed into the bottom zone of the claystone and were located 
adjacent to existing wells; OC-4 adjacent to PSDL-21; OC-3 adjacent to MW-13; and 
OC-2 adjacent to UBC-4. 

AE-3-E3  Transitional Lang Syne and Sawdust Landing Member of the Rhems 
Formation 

A non-continuous transitional tidal creek channel sand is present at the base of the 
Lang Syne, designated the Transitional Lang Syne or TLS.  This sand unit is included in 
the Lang Syne member of the Williamsburg Formation.  This transitional tidal creek 
channel deposit is separated from the underlying secondary unit of the Sawdust 
Landing member of the Rhems Formation (Secondary Sawdust Landing or SSDL) by a 
discontinuous unit of low permeability silty clay to silt and clay.  Although the confining 
unit is discontinuous, in portions of the Facility water level data indicate that these units 
(TLS and SSDL) are hydrologically separate with water generally draining downward 
into the deeper SSDL. 

Monitoring wells have been installed into the TLS and the SSDL.  In addition, a lower 
sand unit exists within the Sawdust Landing that is more continuous and consistent in 
terms of hydrogeologic properties and stratigraphic representation than the SSDL.  The 
second sand is known as the Primary Sawdust Landing or PSDL. 

Monitoring wells were installed in the first potential water bearing unit beneath the 
Opaline Claystone so that hydrostratigraphic relationships of strata beneath the landfill 
could be better understood.  During the UAS, the following wells were installed: 
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• At the compliance point around Landfill Section I, wells MW-5A and -9A were 
installed into the TLS. 

• At the compliance point around Landfill Section II, wells MW-29 and -30 were 
installed into the TLS at a spacing of 150 feet. Two additional monitoring wells 
were installed; MW-27A was screened in the SSDL and well MW-18A was 
screened in the PSDL. 

In the vicinity of the “draw” between Landfill Sections I and II, seven additional wells 
were screened in the various water bearing zones including four wells (MW-31, -33, -34 
and SL-12) in the TLS, one well (SL-11) in the SSDL, one well (MW-32) in both the TLS 
and SSDL, and one well (UBC¬9) in the second water bearing sand unit of the Upper 
Black Creek. 

AE-3-E4  Aquifer Interconnection 

A 31-hour, constant discharge pump test was conducted on UBC-A to investigate the 
potential for aquifer interconnection between the Sawdust Landing of the Rhems 
Formation and the Upper Black Creek Formation.  

In combination with other data, results of the pump test concluded that there were no 
natural points of aquifer interconnection at the Facility.  The test also provided additional 
information substantiating that the UBC series wells were screened in the same zone.  

Six groundwater samples were collected and dated via tritium dating as a further aid in 
determination of potential aquifer interconnection.  One sample was collected from 
LSUBC-1A and was representative of the lower sands of the Upper Black Creek while 
another was collected at CBC-2.  The other samples came from the well cluster at UBC-
3.  This provided age dating data from the Water Table zone (WT-1), the TLS (8L-8), 
the SSDL (SL-9), and the PSDL (UBC-3).  The results of the tritium age dating were 
conclusive only to the extent that the water in the Water Table zone was younger than 
1950 and that the water in the other wells was older than 1950.  The results of tritium 
age dating were provided in the 1988 Part B Permit Application. 

AE-3-F AQUIFER PERFORMANCE TESTING - 1987 through 1988 
Beginning in the fall of 1987, an extensive hydrogeological testing program was 
conducted at the Facility to 1) further define the hydraulic characteristics and 
interconnection of the multiple water-bearing zones and 2) to confirm the identification 
of the uppermost aquifer.  The objective of this test program was to collect enough data 
to design a ground water monitoring program.  The program included the construction of 
12 monitoring wells designed to serve as observation wells for an aquifer pump test 
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program and to expand the existing data regarding the variation of water levels and the 
presence of vertical gradients between multiple zones. 

Two monitoring wells (SL-19 and SL-20) were screened within the SSDL, nine wells                           
(SL-13, -14, -15, -16, -18, -21, -22, -23 and -24) were screened within the PSDL, and 
one well (SL-17) was screened in both the TLS and PSDL. 

Fifteen, Aquifer Pumping Tests (APT), were executed during 1987 and 1988.  Results 
obtained from five of the tests completed in 1987 were reported to SC DHEC on 
December 11, 1987 (ENVIRON, 1987).  The remaining 10 APTs were completed in 
early 1988.  All of the data was included in the 1988 Part B Permit Application.  The 
results of the APTs are summarized on Table AE-3-1, an excerpt from the ENVIRON 
1987 document. 

An extensive review and reevaluation of the site hydrogeology was conducted following 
completion of the well construction and pump test programs, and after collection of 
additional water level data from the entire monitoring well and piezometer network.  This 
involved reconstruction of structural maps of all major water-bearing zones and 
evaluation of horizontal and vertical potentiometric relationships and groundwater 
movement between units.  This work was executed by ETE and ENVIRON Corporation.  
The result of this effort led to the recommendation to expand the groundwater detection 
monitoring network in three zones; the TLS, and the SSDL and the PSDL.  

AE-3-G  UNITED STATES GEOLOGICAL SURVEY (USGS) 
MONITORING WELL INSTALLATION - 1987 through 1990 
The USGS conducted a surface and groundwater investigation to determine the extent 
and characteristics of various surface waters and aquifers in the area around the 
Facility.  The subsurface investigation included the installation of five monitoring well 
clusters constructed using 2-inch and 4-inch diameter screen and casing.  The well 
clusters are identified as the Rimini-1, Lake Marion-1, Lake Marion-2, Railway-1, and 
the Manchester-1 well clusters. 

The Rimini-l well cluster is located near the town of Rimini, along the shore of Lake 
Marion, approximately 1.75 miles south of the Site.  This well cluster consists of five, 4-
inch diameter monitoring wells.  One monitoring well was installed in the Lower Black 
Creek at a depth of 280 feet, one in the Upper Black Creek at a depth of 149 feet, one 
in the Lower Sawdust Landing, one in the Upper Sawdust Landing, and one at the base 
of the alluvium above the Sawdust Landing. Claystone was not encountered in any of 
the borings. 
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Located along the Lake Marion shoreline approximately 1 mile south of the Facility, 
Lake Marion-l consists of four monitoring wells.  One monitoring well was installed in the 
Upper Black Creek at a depth of 142 feet, two wells were installed at the bottom of the 
Sawdust Landing at depths of 65 feet each, and one well was installed in the Lang 
Syne. 

The third monitoring well cluster, the Manchester-l cluster, is comprised of six 
monitoring wells and is located approximately 1 mile north of the Facility.  One 
monitoring well has been installed in the Lower Black Creek at a total depth of 725 feet.  
One well has been installed in the Upper Black Creek aquifer at a depth of 189 feet.  
The remaining four wells were installed in the Lower Sawdust Landing, the Upper 
Sawdust Landing, the Lang Syne, and the surficial zone. 

The Railway-l well cluster is located approximately 1.2 miles east of the Facility.  The 
monitoring wells were installed in the Upper Black Creek, the Lower Sawdust Landing, 
the Lang Syne, and the surficial zone. 

The Lake Marion-2 well cluster is located along the western boundary of the Facility.  
This cluster is comprised of two monitoring wells; one screened in the Lower Sawdust 
Landing and the other screened in the surficial/Lang Syne. 

Monitoring wells screened in the Black Creek in both the Rimini-l and Lake Marion-l 
clusters are free flowing artesian wells.  As indicated by the greater artesian flow from 
the well screened within the lower Black Creek an upward potential for flow exists from 
the lower to the upper zones of the Black Creek. 

Pumping tests and groundwater sampling were conducted on many of the wells and the 
results were discussed in the USGS report entitled Hydrogeology and Groundwater 
Quality Near a Hazardous Waste Landfill Near Pinewood, South Carolina by Don A. 
Vroblesky (1992).  Additionally, groundwater flow was modeled and the results reported 
in the USGS report dated 1994 and entitled Hydrogeologic Framework and Simulation 
of Shallow Groundwater Flow in the Vicinity of a Hazardous Waste Landfill Near 
Pinewood, South Carolina.  

AE-3-H  ESRI TECHNICAL REPORT 88-0007 
In May 1988 a surface resistivity study was completed by the Earth Science and 
Resource Institute (ESRI). ESRI completed this report as a subcontractor to the USGS.  
In this study, a surface geophysical technique was used to help characterize subsurface 
stratigraphy.  The database for the study consisted of a series of vertical electrical 
soundings, electrical profiles, and a select few boring logs.  The objective of the surface 
resistivity study was to locate and map potential pathways in the Tavern Creek Member 

14 

 



of the Williamsburg Formation that would provide a potential pathway for the migration 
of a constituent release. 

Conclusions from the study stated that a major north-south trending tidal channel 
existed along the eastern side of Landfill Section I.  This tidal channel was reported to 
incise the Tavern Creek Bed and at its southernmost lobe completely cut through the 
claystone depositing in excess of 80 feet of fluvial sands. 

The Facility management undertook a drilling program to evaluate the findings of the 
ESRI report.  A total of four borings were completed at the precise locations of the 
vertical electrical soundings.  Split spoon sediment samples were collected at 5-foot 
intervals from ground surface to the top of the Sawdust Landing member of the Rhems 
Formation.  Results of the boring program indicated major discrepancies in the surface 
resistivity report.  The discrepancies included the fact that the claystone was not absent 
adjacent to the Landfill Section I regulated unit, and the tidal channel sand was not as 
predominant as the ESRI report indicated (tidal channel sands were a maximum of 27 
feet thick as opposed to over 80 feet).  The findings of the drilling program were 
consistent with all previously reported lithostratigraphic logs, structural, and isopach 
maps. 

AE-3-I   PHASE II DRILLING PROGRAM 
The Phase II drilling program was approved by the SC DHEC in November 1989 for the 
installation of 12 monitoring wells to be screened in the SSDL and PSDL along the point 
of compliance boundaries for Landfill Sections I and II.  The 12 wells included MW-39P, 
MW-40P, MW-44P, MW-46P, MW-47P, MW-53P, MW-55P, MW-56P, MW-58P, MW-
59P, MW-60P, MW-62S, and MW-63S.  Later interpretation of the geologic units along 
the western side of Landfill Section II concluded that well  MW-60P was actually 
screened in the SSDL and should be designated MW-60S.   

AE-3-J   PHASE III DRILLING PROGRAM 
Point of compliance well installations were completed during 1991 as part of the Phase 
III drilling program.  Twenty wells were installed at the point of compliance along Landfill 
Sections I and II and constructed to monitor the TLS, SSDL, and the UBC-A zones.  
The wells included MW-4lT, MW-42T, MW-43T, MW-45T, MW-48T, MW-49T, MW-50T, 
MW-5IT, MW-52T, MW-54T, MW-61T, MW-57S, MW-5B, UBC-l0, UBC-11, UBC-12, 
UBC-13, UBC-14, UBC-15, and UBC-16.  
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AE-3-K   PHASE IV DRILLING PROGRAM 
Monitoring well installation for the Phase IV drilling program was initiated on May 18, 
1992 and completed on March 8, 1993.  Fourteen monitoring wells were installed within 
the various units that comprise the “uppermost aquifer” beneath the Disposal Facility.  
The wells were installed to complete the point of compliance boundary between 
Sections II and III. The wells included MW-81T, MW-89T, MW-82S, MW-86S, MW-90S, 
MW-64P, MW-87P, MW-91P, MW-99P, UBC-22, UBC-23, UBC-24, UBC-26, and UBC-
29. 

Monitoring well MW-99P, installed as part of Phase IV drilling activities, was not 
originally part of this program.  A proposal submitted to the SC DHEC (July 29, 1992) 
discussed the abandonment of CBC-II, located on the divisional berm, and replacement 
of the well with MW-99P.  The installation of MW-99P was scheduled to be completed 
within the Phase IV program.  The SC DHEC approved this proposal in a letter dated 
October 7, 1992. 

Several monitoring wells, proposed for installation, were drilled but not installed due to 
lack of TLS sands. These wells included MW-83T, MW-84T, MW-85T, and MW-88T to 
be located on the divisional berm separating Landfill Sections II and III.  Additionally, 
borings SB-G, SB-H, SB-I and SB-J were completed to the base of the UBC-A zone for 
lithologic information prior to drilling and installation of the monitoring wells. 

AE-3-L  LANDFILL SECTION III AQUIFER EVALUATION 
From early 1992 through 1994, extensive geologic and hydrogeologic investigations 
were conducted beneath the planned Landfill Section III landfill area.  The purpose of 
the evaluation was to present a detailed study of groundwater occurrence and flow 
beneath the vicinity of Landfill Section III; to evaluate groundwater monitoring strategies 
for Section III; and to present a final groundwater monitoring proposal for Landfill 
Section III. 

In order to accomplish these tasks the following items were completed:  

• Drilling of 29 stratigraphic borings. 
• Construction of 51 monitoring wells and piezometers. 
• Performance of a slug test within the TLS channel area. 

Results of the investigation were reported in a series of reports with the final report 
entitled Section III Landfill Groundwater Monitoring System Proposal, dated August 
1995.  The conclusions of the 1995 report are summarized in the next two paragraphs. 
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The investigation determined that the TLS channel feature identified beneath the central 
portion of Landfill Section III had eroded through the TLS, SSDL, PSDL, and into the 
UBC-A aquifers and allowed for direct hydraulic communication between the units.  The 
report also documented the flow within the channel feature and the effect of the TLS 
channel on the flow patterns within the other zones.  The location of the TLS channel 
feature and its influence on the field are described in Chapter IV (Site-specific 
Geological/Hydrogeological Information). 

Based on the analysis of the field data, a proposal for monitoring of Landfill Section III 
was provided.  The proposal recommended completion of monitoring wells along the 
exterior point of compliance of Landfill Section III and also along an interior point of 
compliance boundary.  The location of the interior point of compliance boundary was 
provided in the proposal.   

AE-3-M   REPLACEMENT WELL PROGRAM 
Monitoring well installation for the Replacement Well project was initiated on January 
11, 1994.  Thirty-one monitoring wells were installed within the units that define the 
uppermost aquifer beneath the Site.  The wells were installed as replacements for wells 
with elevated pH levels, or wells that screened multiple zones (Table AE-3-2).   

Additionally, stratigraphic boreholes SB-L, SB-M, SB-Q, SB-R, and SB-S were 
completed to the silt layer located at the base of the UBC-B unit for lithologic information 
prior to installation of the new monitoring wells.  Stratigraphic borehole SB-T was drilled 
only to the base of the UBC-A to obtain the lithologic information prior to setting the 
monitoring wells in the cluster. 

After the new replacement wells were installed, approval to abandon existing wells was 
requested from the SC DHEC.  

AE-3-N  1995-1996 WELL INSTALLATIONS 
From 1995 to mid 1996, wells were installed along the Landfill Section II point of 
compliance boundary and along the interior berm of the Landfill Section III point of 
compliance boundary.  Wells installed along the Landfill Section II boundary included 
MW-127T, MW-128S, MW-129S, MW-130P, UBC-51, and UBC-52.  These wells were 
installed to maintain the appropriate well spacing along the point of compliance 
boundary within the designated units. 

Wells were also installed along the interior point of compliance boundary for Landfill 
Section III.  These wells included MW-101T, MW-102S, MW-103P, UBC-31, MW-114T, 
MW-15T, UBC-48, MW-116T, MW-117T, and UBC-49.  These wells were installed in 
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accordance with the Section III Landfill Groundwater Monitoring System Proposal dated 
August 1995, to maintain compliance with the recommended well spacing analysis. 

AE-3-O  2001 WELL ABANDONMENT 
In 2001, detection monitoring wells MW-123P and UBC-36 were abandoned during the 
remediation of SWMUs south of Landfill Section III.  The wells were located in an area 
where SWMU soil was being removed.  The former location of the wells is between the 
First Flush Basin and Landfill Section III in the area underlain by the area of 
groundwater affected by the SWMU, as discussed in Section J.  Replacement of these 
wells is discussed in Section E. 

AE-3-P  2002 DATA REVIEW AND GROUNDWATER MODELING 
SC DHEC retained Earth Tech, Inc. in 2002 to perform an independent review of 
hydrogeological data and prepare a groundwater model of the Facility.  A discussion of 
this review and report is included in Section E-3c(3). 

AE-3-Q  INSTALLATION OF ADDITIONAL WELLS 
Based on the recommendations in the Database and Document Review and Modeling 
Report, wells OC-9 through OC-16 were installed in 2003 at the locations shown on 
Figure E-3-1.  These wells were installed to detect potential releases from Landfill 
Section I prior to migration to the deeper zones.  The wells also serve to monitor the 
potential for an area of affected groundwater to migrate laterally along the base of the 
Opaline Claystone. 

AE-3-S  GROUNDWATER MONITORING WELL ABANDONMENT 
In 2004, 56 wells were abandoned.  The wells were abandoned for one of the following 
reasons: 

• the well had a non representative pH or other indicator parameter, and had 
previously been replaced, 

• the well was screened in more than one zone and had previously been 
replaced, 

• the well was in the area where the First Flush Basin was being installed, or 
• the well had been affected by VOCs that migrated downward from the 

shallow, plume associated with the SWMUs.  The presence of constituents in 
the lower interval was the result of either drag-down during drilling or 
ineffective seals in the completed well. 
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Table AE-3-3 lists the 56 wells abandoned in 2004.  Of the 56 wells, only those 
abandoned due to detections of chlorinated volatile organic compounds (CVOCs) 
related to the shallow plume were part of the Detection Monitoring Program.  
Replacement of these wells is discussed in Section E and replacement wells are listed 
on Table AE-3-2. 

AE-3-T   EVALUATION OF SAND LENSES IN THE OPALINE 
CLAYSTONE 
Localized sand lenses were identified in the upper portion of the Opaline Claystone in 
some portions of the Site.  Due to their apparent discontinuous nature, they were not 
evaluated in detail and assessment activities focused on units below the Opaline 
Claystone.  However, during construction of the final cell in Landfill Section III (Cell IIIC), 
outcrops of the sand lenses in the sidewalls of the cell were found to be discharging 
groundwater containing cVOCs that originated from claystone mining and processing 
(circa 1972 to 1978).  The locations from where the cVOCs originated have been 
designated as SWMUs.  Furthermore, these same sand lenses were thought to underlie 
the planned location of the First Flush Basin (Basin).  Therefore, a more detailed 
evaluation of the sand lenses was executed.  

Assessment activities were proposed in the Phase II Interim Corrective Measures 
Workplan (Workplan) dated March 9, 2005, and modified in the Update and 
Modifications to Phase II Interim Corrective Measures Workplan dated August 22, 2005.  
This assessment focused on the sand lenses within the Claystone.  The assessment 
was conducted to gain a better understanding of the distribution of the sand lenses, 
water quality within the sand lenses, and the effect of the newly constructed Basin on 
flow within the sand lenses as well as in the overlying Water Table zone.  This 
assessment included the following tasks: 

• Installation of borings at 13 locations, 
• Installation of OCS series groundwater monitoring wells in eight of the 13 

boring locations, 
• Installation of well pairs at two of the eight boring locations making a total of 

10 new wells, 
• Installation of six temporary FFB series wells in the basin, 
• Installation of four temporary DD series wells in the drainage channel 

between the basin and pond a, 
• Collection and analysis of two rounds of groundwater samples from all 

permanent and temporary wells, and 
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• Collection and analysis of groundwater and surface water samples from the 
basin, including from groundwater seeps in the sidewalls of the Basin. 

The location of the borings, permanent and temporary wells, former Water Table wells 
in the area of the Basin, and seep locations in the sidewalls of the Basin are shown on 
Figure E-3-1.  Sample analytical results and the boundary of the area of affected 
groundwater in the sand lenses and Water Table are also discussed in Section J. 

Data generated by these activities indicated the following:  

• Sand lenses are most prevalent east and north of the Basin and are absent in 
the remainder of the area.  They are characterized by gray sand with 
claystone layers and black claystone with gray sand laminations.  The sand is 
commonly interstratified with thin (less than 1 foot and more often less than 2 
inches) Claystone layers.  In locations where sand lenses were identified, 
their upper surface occurs within the uppermost 5 feet of the Claystone.   

• The Basin has created a cone of depression around its entire periphery.  
Groundwater, in the sand lenses and the Water Table zone in the immediate 
area of the Basin and east (upgradient) of the Basin, is discharging into the 
Sand Blanket Drains in the Basin.  Southwest of the Basin, the potentiometric 
surface returns to its pre-Basin pattern with flow toward the southwest, 
discharging into the channel which leads to Pond A and directly into Pond A. 

• Wells OCS-3A and OCS-6A are the deeper wells in the two well pairs.  
Groundwater elevations in these wells are lower than in the corresponding 
shallow wells, demonstrating that the sand lenses are not interconnected at 
these locations.  A downward vertical gradient exists at both locations. 

• Review of groundwater quality data from the wells confirms that the 
constituents identified are the same as those associated with the SWMUs that 
were formerly located in the area.  None of the detected constituents indicate 
that the landfill has affected groundwater quality. 

• Only sample locations in the Basin (FFB series wells) and one well northeast 
of the Basin (OCS-2) contain constituent concentrations exceeding an MCL.   

• Concentrations of constituents in the OCS wells are generally lower than in 
the former FFB and DD wells.  This finding suggests that the constituents 
identified in FFB series wells originated:  1) from the SWMUs that were 
formerly located in the Basin footprint, or 2) from north of Basin.  The relative 
absence of elevated concentrations of constituents in the OCS series wells 
indicates that areas east of the Basin are not residual source areas of 
groundwater contaminants. 
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• The presence of PCE degradation products in wells west of the Basin 
indicates that these locations are more distant from the former source.  
Therefore, an upgradient source in the area of the Basin would be consistent 
with the presence of these compounds west (downgradient) of the Basin.  
Furthermore, the fact that samples from these wells contain no parent 
compound (PCE) and no constituents in excess of an MCL indicate that the 
natural subsurface microbiological and geochemical environment is 
conducive to natural attenuation of the constituents.  This observation is 
consistent with the attenuation patterns that have been documented by over 
15 years of accumulated data for the Water Table. 

AE-3-U  GROUNDWATER ASSESSMENT NEAR WELL WT-8 
A detailed discussion of the area of affected groundwater associated with the former 
SWMUs is discussed in Sections E-10 through E-11.   

AE-3-V  2011 WELL INSTALLATION 
Eight monitoring wells were installed during July and August 2011 as part of the year-
long hydrologic monitoring project.  Additional information about the purpose and 
technical details of the well installation activities is included as Appendix E-5 

AE-3-W  2012 WELL ABANDONMENT  
Four monitoring wells were abandoned in 2012 to make way for the construction of the 
leachate treatment system.  A description of the wells abandoned and the abandonment 
procedures is included as Appendix E-11. 

AE-3-X  2014-2015 WELL INSTALLATION 
Twenty-four Point of Compliance (POC) monitoring wells were installed between 
December 2014 and January 2015.  The monitoring wells were installed based on 
recommendations included in the technical memorandum from AECOM entitled 
Detection Monitoring Program Point of Compliance Well Network and Sampling 
Schedule Recommendations dated June 6, 2013.  Additional information regarding this 
installation program is included in Section E.6 and Appendix E-12. 

AE-3-Y  2016 REPLACEMENT OF WELL MW072P 
Monitoring well MW072P was replaced in February 2016 due to elevated pH levels in 
the groundwater from this monitoring well.  MW072P was added to the Detection 
Monitoring Program in 2015; however, it was recommended to replace this well since 
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repeated development and purging of the well did not reduce the pH to acceptable 
levels.  Monitoring well MW072PR was installed as a replacement and the old well was 
abandoned.  Additional information regarding the replacement of MW072P is located in 
the installation report included in Appendix E-12.     
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