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EXECUTIVE SUMMARY

Carbonate material was originaily deposited with the sediments of the Santee formation
(formerly McBean) in the K-Reactor study area. The carbonate material resulted from growth
of oyster banks in the area at the time of deposition. The carbonate material has been removed
almost completely from the local sediments by geochemical dissolution. As a result of this
dissolution process, soft zones and underconsolidated zones exist in three layers within the
Santee formation in the study area.

The thickness, distribution and areal extent of the soft zones and the associated undercon-
solidated sediments (referred to as complexes) can be determined by examining the data from
the more than 500 borings and cone penetrometer tests in the study area. These data indicate
that well developed soft zones are rare in the local arca. The soft zones that are found are
generally 3-5 feet thick and usually associated with 8-10 feet of underconsolidated sands. The
soft zone and underconsolidated sediment complexes have maximum areal extents of 200 feet
long and 60 feet wide. The complexes occur atong well developed northeast o southwest
trends, which are associated with the underlying sediments.

The soft zones which are found in the study area are small, thin, limited in areal extent, and
poorly interconnected. The limited thickness, extent, and distribution of the zones precludes
the development of surface depressions resulting from collapse of the subsurface complexes.
There is no evidence 1o indicate that surface depressions in the K Reactor study area are
associated with the subsurface soft zones.
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1.0 INTRODUCTION

The following discussion presents a compilation of the geologic information used to evaluate
the subsurface conditions in the K Reactor study area. Section 2 is a brief review of work done
previously in the area. Special emphasis is placed on summarizing of the original work done
by the U.S. Army Corps of Engineers (Corps). Its investigative work formed the basis for the
initial grouting program in 1951-1952, The information contained in Corps' reportsis critical
for evaluation of the occurrence and extent of subsurface soft zones. Section 3 is a summary of
the regional geology and specifically addresses the development of the sedimentary section in
K Area. A discussion of the depositional environments is presented in Section 3.3. An
understanding of these environments provides a general model for interpreting the
sedimentary structures in K Area. An interpretation and analysis of how soft zones and
underconsolidated sediments form and are interrelated is the final part of the discussion of
general geology. The general geology discussion forms the basis for evaluating the
site-specific subsurface conditions, which are presenied in Section 4. The site specific
analysis deals with determining the occurrence, distribution, and extent of subsurface soft
zones. Section 5 discusses the relationship of the geology and subsurface soft zones to the
development of surface depressions.
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2.0

HISTORICAL BACKGROUND

Initial geological work done at the site was performed by the Corps in 1951 and 1952. Their
findings are presented in their reports, “Geologic-Engineering Investigations of Savannah
River Site, Volumes 1 & 2", This work was the first investigation of the Savannah River Site
(SRS),and many of the conclusions and observations made in thatreport were substantiated by
subsequent site explorations. Soft zones were encountered in the subsurface in all areas of the
site during the exploratory drilling done by these investigations. Much of the present
understanding and concerns associated with soil and foundation stability at SRS is based on
the data and conclusions presenied in this original study. The conclusions presented in this
early report are general in nature and are not necessarily valid for all of the individual facility
areas. This carly work formed the basis for the initial grouting program (1951-1952), which
was designed to increase foundation stability of critical structures.

A large scale grouting program for the K Reactor Area was initiated in 1951 and continued
through early 1952, This grouting program is documented in the “Foundations Grouting
Operations Savannah River Site” (Corps 1952). That report discusses the ficld operations and
grouting procedures. The Corps kept detailed records on the depths where soft zones and lost
circulation were encountered. Subsurface movement of fluids occurred during the grouting
operations, as indicated by the occasional venting of water and grout from nearby wells.
Records were kept of venting wells and communication besween wells and are presented in the
grouting report. The records indicate that surface injection pressures used during the grouting
program were sufficient to hydrofracture of the formations. The information suppiied in the
grouting report is used as part of the analysis of the size and distribution of soft zones inthe K
Arca, which is presented in Section 4 of this document.

Between 1952 and the mid 1980s, no site specific work was done in the K Area. In the mid
1980s, soils investigations were done as part of the preconstruction work on the K Area
cooling tower by Mueser Rutledge Consulting Engincers. Documentation of those
investigations is presented in a series of reports. Additional borings were drilled as part of
those soil investigations, and the associated drill logs were examined as part of the work done
in the preparation of this document.

A substantial amount of work has recently been and continues to be conducted by the Savannah
River Laboratory (SRL). A significant portion of this work has been directed at defining the
hydrologic conditions on a regiona! and site-wide basis. Information on the stratigraphic
relationships of the subsurface units and their hydrologic characteristics, compositions, and
environments of deposition has been presented by various authors under the direction of SRL.
Particularly significant were the continuous whole core samples of the entire sedimentary
section from the surface 10 crystalline bedrock that were obtained in 30 welis at SRS. Detailed
descriptions of eight of these cores were reported by Everest Geotech (1985). Recent work by
Aadland and Bledsoe (1990) revised the stratigraphic unit designations based on extensive
analysis of the subsurface information. This latter work forms the basis for developing a
model of the environments of deposition for the subsurface stratigraphic units, which is
presented in Section 3 of this document.

Additional K Area site specific work was performed recently as part of the Safety Analysis
Report (SAR) for K Reactor restart. This work includes additional exploratory drilling, which
was performed by Geotechnical Engineering Inc. (GEI) under the direction of Westinghouse
(WSRC) (GEI/WSRC 1991). The work included additional subsurface samples, specialized
laboratory analyses, and development of a model to evaluate the soil stability and potential
subsidence under seismic stress conditions. The sampling and analyses performed in the study
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were used to evaluate the subsurface conditions, which are discussed in Section 4 of this
document.

The most recent deep investigations performed in the K Reactor area were conducted as part of
the 1991 soil subsidence investigation program (WSRC/BSRI, 1991).
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3.0

3.1

GEOLOGY OF THE K REACTOR SITE

Introduction

The following discussion presents an integrated analysis of the available geologic and
geotechnical data for the immediate area of the K Reactor building. The majority of the
subsurface data and geologic descriptions presented in this rcport are from borings in the
immediate area of K Reactor. The interpretation of age and depositional cnvironment in the
local area, particularly of the Tobacco Road Formation, differs somewhat from what is
described in documents conceming the regional conditions. The objective of the following
discussion is to:

¢ Define the occurrence, distribution, and areal extent of soft zones in the subsurface sedi-
ments underlying the K Reactor building. Soft zones are defined in this document as inter-
vals in which water loss or rod drop occurred during drilling. The term, rod drop, refers to
the advancement of the drill string under the weight only of the rods or the rods plus the
hammer. No open cavities or voids were encountered in any of the deep borings where the
drill string fell free.

¢ Determine the relationship of the development of soft zones to the formation of surface de-
pressions in the K Reactor area.

Data used for the preparation of this discussion were supplied by the persons involved in the
soil stabilization and soil subsidence programs in the K Reactor area. Data from the Corps’
1952 grouting reports, previous foundation studies, geologic reports, and personal communi-
cation with members of SRL staff also have been incorporated into this discussion. Over five
hundred subsurface data points, including borings, grout holes and cone peneromeler (ests.
are the basis for this analysis of local geologic conditions. The data are considered adequate 10
develop a model of the subsurface conditions, depositional history, and the stratigraphic
relationships of the subsurface units in the immediate arca of the K Reactor building.

3.2 Regional Geology

3.2.1

The following discussion presents a brief summary of the regional geology for the Carolina
coastal plain southeast of the Fall Line in the immediate area of SRS. This discussion presents
only information that is pertinent to the site-specific evaluation of the K Reactor study area.
An expanded discussion of the geologic history, stratigraphy and structural development of
the region is beyond the scope of this document. Assuch, certain general statements are made
in the following discussions without exhaustive development of the logic and citing of
references. Where conclusions are interpreted, they are noted as such.

Stratigraphy and Structural Development

The sedimentary section underlying the Savannah River Site (SRS) is composed predomi-
nantly of clastic sediments (sands, silts and clays) deposited in fluctuating coastal plain
depositional environments during the Mesozoic and Teniary periods. The Teruary
sedimentary section overlies crystalline bedrock and sediments of Triassic age. At SRS the
Tertiary sediments vary in thickness from 800 feet near the north boundary of SRS to greater
than 1000 feet at the southern boundary. The structural relief of the crystalline bedrock in the
tocal area is characterized by Triassic horst and graben structural features.
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The Dunbarton Basin is an example of a significant Triassic graben. This Triassic basin
underlies the exrreme southern portion of the site and extends southwest into Georgia.
High-standing blocks of crystalline rock and Trassic sediments form the northwestern
perimeter of the basin. One of these large high-standing blocks underlics the C, K, and L areas
(see Figure 1, a general site map for place reference). This block influenced the type and
distribution of sediments in the local area throughout geologic Lime. Figure 2 is a conlour map
of the base of the Cretaceous sediments (Everest 1985),and clearly shows the area affected by
the presence of the bedrock horst block. The area overlying this block is interpreted to have
remained higher than the surrounding terrain throughout geologic time and is still subtly
expressed in the present surface relief. The effect of this block on the deposition of carbonate
material in the shallow Santee formation (formerly called the McBean formation) is shown on
the regional cross section, Figure 3 (Aadland and Bledsoe 1990). This cross section shows that
the thickness and lateral continuity of the carbonate-rich layers of the Santee formation are
significantly reduced over the K-Area.

Approximately the lower 60% of the stratigraphic section is composed of sands, silts and clays
deposited during the Cretaceous penod. Some thin glauconitic sand layers occur in this lower
section indicating brief periods of marine influence. The majority of the Cretaceous sediments
are interpreted to have been deposited by high energy streams thal transporicd large amounts
of clastic sediments from the Appalachian highlands eastward 10 the coast, which was locaied
approximately 100 miles further to the east than the present coastline (Sheridan/ 1974). The
Cretaceouse sediments are characterized as coarse grained sands and silty sands that were
deposited in fluvial to deltaic depositional environments. No carbonate material has been
found in this lower portion of the sedimentary section anywhere on site.

Carbonate sediments are present in the shallow Tertiary portion of the scction above the
Cretaceous formations. The Tertiary sediments are, however, composed predominantly of
clastic materials that were deposited in fluvial and/or marine environments. Marine incursions
into the area of the SRS occurred during the Tertiary period and had their major influence
during the Paleocene and Eocene. The Ellenton, Congaree, Santee (McBean) and Dry Branch
(lower portion of the Barnwell group) formations were deposited during intermittent marine
incursions. The only significantoccurrence of carbonate material is restricted generally to the
Santee formation {(McBean). A map of the distribution of glauconitic faciesin the lowermosl
Santee formation is presented as Figure 4, Glauconitic sediments are interpreted to indicate
intermittent shallow marine conditions. This map also shows the northern limit of the area of
predominately carbonate sediments in this portion of the Santee portion of the section. The K
Area is located near well P-25 north and west of the area of dominate carbonate deposition as
shown on the map (Figure 4).

The sedimentary section above the Ellenton formation is the zone of primary interest in the
immediate area of the 105-K building and is described in detail below.

The geologic section examined in detail in this study extends from the surface toa depthof 220
feet. This section represents approximately twenty-five percent of the total sedimentary
section above bedrock in the study area. The interval is composed primarily of sands, silty
sands, and clays with some minor amount of carbonate in the lower portion of the section
studied. These sediments were deposited in fluctuating fluvial, near-shore marine, and
estuarine environments during the Tertiary period.
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3.2.2 Stratigraphic Nomenclature and Depositional Environments of the Shallow Section

Congaree Formation

Santee Formation

The stratigraphic nomenclature used in this report was established by Aadland and Bledsoe
(1990) in their report on the classification of the hydrologic units at the SRS. The stratigraphic
unit designations are based on regional correiations and extwensive study of the hydrologic
characieristics of Lthese units and is shown in Figure 5. The locat depositional environmenis
were interpreted from site specific core data and are valid for the immediate K Area.

The type of material present in a formation or stratigraphic unit and the vertical and lateral
distribution of materials are controlled by the depositional environment. By examining these
relationships, the environment of deposition for each stratigraphic unit can be determined.
The stratigraphic formations that are encountered in the upper 220 feet of sediments in the K
Area include, in ascending order, the Congaree formation, Santee formation, Dry Branch
formation, Tobacco Road formation (the Bamwell Group includes the Dry Branch and
Tobacco Road formations) and the Upland Unit. The soft zones in the local area occur in both
the Santee formation and the lowermost Dry Branch formation. The verntical and lateral
distribution of the soft zones in the lower portion of the Santee formation was controlled at the
time of deposition by the configuration of the surface of the underlying Congaree formation.

The Congaree formation is composed primarily of clean, well-sorted, fine grained, silica
sands. Minor amounts of silty and clayey sands also occur in this formation. Laminar cross
bedding is ofien noted in zones within this section, indicating a low-to-moderate-cnergy
depositional environment, The lack of appreciable silt and clay indicates sustained energy
levels and effective winnowing processes. This unit is interpreted to have been deposited in
near-shore shallow marine to tidal environments which were receiving a constant supply of
clastic materials from the nearby coast. Coastal processes were dominate, resulting in the
formation of a laterally continuous sand unit. This unit was deposited probably during a
relatively high sea-level stand, corresponding to a lower Eocene custatic event. As sea level
slowly dropped toward middle Eocene time, the surface of the Congaree formation developed
as a series of retreating offshore bars. These sand bars paralleled the coast, similarly to the
present day barrier islands of the Middle Atlantic States.

As sea level continued 1o fall, the environment of deposition in the study area changed. Mixed
sands, silts and clays were deposited in low-energy, shallow bay, and estuarine conditions.
The Santee formation is composed predominately of silty sands, which are laterally
discontinuous and semi-confined by intervening clays and clayey sand umits. The
configuration of the upper surface of the Congaree formation continued to influence the
configuration of the bottoms of the bays and estuaries. Low swales and subtle ridges affected
the flow and circulation of water entering the bays through tidal channels and cuts. These
conditions (warm shallow water) were conducive to the development of invenebrate fossil
communities (bicherms). Oysters and other filter feeding mollusks and brachiopods formed
banks and mounds in the back bay areas, where conditions were favorable. Borehole data
indicates that the communities of organisms which formed carbonate banks grew in the low
swales. These banks correspond 1o the sediments at a depth of 155 to 170 feet below the
surface grade clevation of 270 feel above mean sea level (MSL) in K Arca. For further
clarification refer to the D-D’ cross section Figure 11, which shows the lateral relationships of
the bichermal banks in the area of the K1004 and K1005 wells. As sea level began to rise,
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depositing middle Santee sediments, the bioherms moved up onto the crests of the low ridges.
These banks occur at a depth of 135 to 150 feet below the surface. The banks that grew at this
level are the best developed in the local area. This environmen is similar to the present day
Florida Bay conditions.

Biohenns trap fine grained sands and muds between the shelled organisms. As the mounds
grow upward and the lower level oysters die, the cemented shells shield the trapped sedimenis
from consolidation. As a result, even after burial, sediments associated with these mounds
never become well consolidated and persist as weak or soft zones in the sediments.

The most extensive bioherms in the study area are generally poosly developed, small, and
limited in both vertical and lateral extent. Maximum vertical thicknessis about 15 feet, and the
maximum lateral extent is on the order of 200 feet by 50 feet. In some areas of the site small
bioherms may merge to form a larger complex of softzones and associated underconsolidated
sediments (hereafier referred 10 as a complex).

Sealevel is interpreted to have continued to rise slowly during the deposition of the remainder
of the Santee formation in the focal area. Ata depth of approximately 120 feet, another zone is
encountered in which poorly developed soft zones occur. This interval probably represenisa
short duration sea level stand that allowed bioherms to develop, but was too brief 10 result in
significant growth of carbonate banks.

Dry Branch Formation

Coastal marine conditions were reestablished over the study area, following deposition of the
Santee formation, resulting in the deposition of the Dry Branch formation. This formation is
similar to the Congaree formation in that it is composed of a clean laterally-continuous sand.
This sand unit is interpreted to have been deposited in a medium-to-high-energy environment °
and has never been buried to any appreciable depth (approximately 100 feet in the study area),
The result of this shallow burial is that there are zones within the sand that remain
underconsolidated. These underconsolidated zones occasionally result in water losses during
drilling. These zones occur ata depth of 90 to 110 feet below the surface elevation of 270 feet
(MSL) in K Reactor area. Waler losses that occurred at this depth during the 1951 grouting
program were probably in the Dry Branch formation.

The coastal marine conditions that had been reestablished were, however, of short duration.
An apparent rapid and significant drop in relative sea level occurs following deposition of the
marine sand unit. This change in relative base level for the area probably corresponds 1o the
contact between the Dry Branch formation and the overlying Tobacco Road formation.

Tobacco Road Formation

The result of the rapid drop in sea level is a significant change in environmental conditions
from medium to-high-energy marine 10 intermittent marginal marine aliemating 1o fluvial
conditions. The Tobacco Road formation in the local area was probably deposited in
fluctuating marginal marine to fluvial conditions, This formation is composed of interlayered
clean, silty, and clayey sands. Clean channel sands in the Tobacco Road formation are laterally
discontinuous and frequently semi-confined by intervening clay layers. Some minor
biohermal mounds in the lower portion of this unit have been encountered outside the swdy
area. The Tobacco Road formation extends from the surface to a depth of approximately 100
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Upland Unit

feet over the majorily of the site. In portions of the area, the upper section was removed by
erosion and infilled with Upland unit sediments.

The Upland unit is separated from the Tobacco Road formation by an erosional unconformity.
Erasion of the upper portion of the Tobacco Road probably occurred as the result of ancther
significant sea-level drop, Relief on this unconformity may be as much as 20 to 30 feet in K
Area and has been reporied as much as 60 feet on site. As much as 15 feet of the Upland unit
may be present in the eastern portion of K Area. The Upland is primarily composed of very
fine grained sands with high percentages of fine silts and clays, interbedded with channe! lag
deposits (coarse sands and gravel). It was deposited in a fluvial/alluvial environment in the
erosional lows cut into the surface of the underlying Tobacco Road formation. It is
unconsolidated and has never been buried. Thus it is subject to both wind and water erosion.
Some local surface depressions develop in this unit possibly as the result of deflation
phenomena (wind scour) and fluvial processes. Inthe local area, this is a possible cause of the
subtle surface depressions observed on aerial photographs. The Upland unit, where found in
the K Area, exiends from the surface to a maximum depth of 20 feet.

3.3 Development of Subsurface Soft Zones

The following discussion is an interpretation of the subsurface data and presents a model that
explains the formation of soft zones and fits all of the presently available information.

The development of soft zones and zones in which water losses occur underground is
interpreted to result directly from the dissolution of carbonate materials in the Santee
formation. Sediments surrounding the zone of dissolution move to fill the created pore space,
resulting in underconsolidated layers developing in the overlying sediments. Figore 6is a
diagrammatic skeich showing the development of subsurface sofi zones. Figure 6 Panel A
shows the development of a bioherm (oyster bank) on a sand bar. The development of the
underlying sand bar precedes the formation of a bicherm. Minor amounts of carbonate
material are incorporated in the sands. As the conditions for development of biohermal banks
improve, the percentage of carbonate materials incorporated in the sands increase. The
ultimate development, size, and areal extent of biohermal banks in any local area are directly
related to the environmenial conditions that existed at the time of deposition. Oysters, like
most marine invertcbrates, are extremely sensitive 10 their environment. These organisms
thrive only in areas where bottom conditions, currents, and food supplies meet their special
requirements. Oysters extract calcium carbonate from sea water and vse it to construct their
shells. The mounds form by accretion of the shell material and accumulation of sediments in
the shell material substrate. Oyster banks will develop in different areas as conditions change.
If environmental conditions change radically or rapidly, the oyster banks will die off
completely.

After an oyster bank dies or if sedimentation rates in the area increase significantly, the bank
will be buried with sediments. Buried shell material is the primary source of the carbonate in
the subsurface sediments of the Santee formation. Panel B on Figure 6 shows the burial of an
oyster bank with clay, silts, and sands.

Dissolution and reprecipitation of carbonate in sediments can occur any time following burial.
Dissolution of carbonate has been described in detail by other authors. The following
discussion is based on work done regarding carbonate dissolution processes. Dissolution of
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carbonate will often occur soon afier burial while the shell material is near the surface. This
results in mobilization of some carbonate and reprecipitation as calcite cement in the
surrounding sediments. Conditions that are most conducive to the dissolution of carbonate
occur when the surface sediments are exposed. Under these conditions, plant material
becomes incorporated into the near-surface sediments. Infiltrating rainwater containing
dissolved carbon dioxide will react with the organic material 1o form a mild carbonic acid.
This acidic water will dissolve the carbonate contained in the underlying sediments.
Carbonate material in the vadose (unsaturated) zone will dissolve much more rapidly than
carbonate present below the water table. This is because the carbonic acid becomes diluted by
the ground water as the saturation of the sediments increases.

Dissolution of shell materials in a buried oyster bank results in the formation of moldic
porosity. Panel C, Figure 6 shows the development of moldic porosity. The shell material is
dissotved out of the sediments leaving a skeletal matrix behind. Generally, the shell material
does notdisappear completely; some calcite will be replaced with silica, iron or other minerals
by ion exchange. Dissolution of carbonate material in the vadose zone, even under the most
favorable conditions, is a very slow process.

The additional porosity does not persist as an open void but becomes filled with fine silts and
clays carried by moving ground water. These fine grained sediments are generally
unconsolidated and have a high water content. As these processes continue, a soft zone forms
and enlarges until the carbonate is removed or reaches chemical equilibrium with the
subsurface environment. The soft zones can persist indefinitely if the surrounding sediments
are able to bridge the underconsolidated zone effectively.

If the surrounding sediments cannot bridge the softzone, a collapse will occur. This will result
in the overlying sediments slumping downward in response to the collapse, thereby becoming
underconsolidated. Overlying underconsolidated zones are noted during drilling as zones of
water loss without rod drops.

34 Formation of Underconsolidated Layers Associated with Soft Zones

Underconsolidated sedimentary layers are encountered above and below the soft zones in the
Santee formation. These layers often correspond to water loss zones encountered during
drilling. The underconsolidated sediments are interpreted to have formed by two processes
that are directly related to the presence of carbonate material in the subsurface:

First, portions of the clastic sediments that comprise the Santee formation, and particularly the
sands immediately underlying the oyster banks, originally contained low percentages of
carbonate material in the form of detrital grains and calcite cements at the time of deposition.
The presence of a calcite cement in a clastic sediment will tend to prevent the sediments from
becoming wetl consolidated during burial. This phenomena, in conjunction with the ultimate
dissolution of the carbonate material from the section, results in underconsolidated sediments
forming in the sedimentary section. Dissolution of the soluble material in these clastic unils
does not result in the formation of significant additional porosity; thus the units are not subject
to collapse. Dissolution does, however, remove enough solid material 1o leave the sediments
in an underconsolidated state.

Second, underconsolidated sediments overlying soft zones may develop as the direct result of
the dissolution of minor amounts of carbonate contained in the sediments and may also occur
as the result of the downward redistribution of the sediments to fill available space created as
the result of the collapse of a bioherm. Significant redistribution of sediments occurs
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contemporaneously with dissolution. Substantial stumping of overlying material occurs only
where significant additional pore space has been created by dissolution of carbonates.

Remobilized sediments will occupy a slightiy larger volume because of bulking or swelling,
The remobilizied sediments will persist in an underconselidated condition until deeper burial
occurs, Thus an appreciable remcbilization of the overlying materials would result only if
substantial additional pore space had been created.

M3201051i
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4.0 SITE SPECIFIC ANALYSIS, K REACTOR AREA SUBSURFACE

CONDITIONS

Extensive geological information has been acquired for the K Reactor site. Information on the
occurrence, thickness and extent of soft zones in the K Reactor study area is provided by 418
fishwail borings drilled during the 1952 grouting program (CORPS 1952), 30 Standard
Penetration Tests (SPT)s conducted during the initial site investigations (CORPS 1951), 14
SPTs and 42 Cone Penetrometer Test soundings (CPT)s completed as part of the GEI
investigations (GEI/WSRC 1991) and 19 SPTs and 8 CPTs completed as part of the soil
subsidence investigations in the area of the K Reactor (WSRC/BSRI, 1991). Geophysical
logs, tomographic survey information, and hydrologic data were also reviewed and
incorporated in the following analysis. Information from the drill holes and the geophysical
data are more than adequate to establish the occurrence, thickness, and extent of the soft zones
and the associated underconsolidated sediments,

Occurrence, Thickness, and Extent of Soft Zones in K Area

Work done for Savannah River Laboratory (SRL) by Aadland and Bledsoe (1990), and
Everest (1985) indicates that the K Area is located over a high standing bedrock block and
probably has persisted as a high arca throughout Tertiary time. As such, the development of
conditions which result in the formation of carbonate malerials in the K Area are interpreted o
have been of short duration. A regional cross section through the K Area shows that the
percentage of carbonate material in the K Area is very low, substantially lower than areas to the
northeast, and south (refer to Figure 3). Detailed descriptions of the Santee interval in Well
P-25, which is located immediately southeast of the K Area, delineate two thin intervals
containing carbonate shell material. These intervals occurred at a depth of 136 o 143 feet
(refer 10 Figure 7). These intervals correspond to the primary interval in which softzones are |
encountered in the K Area,

Based on the extensive geologic information available in K Area, the occurrence, thickness,
and extent of soft zones and associated underconsolidated zones can be determined with good
certainty. Deposition of carbonate material was limited apparently 10 three layers within the
Santce interval. These layers occur at depths of 120 to 130, 135 10 150 and 155 w0 170 feet
below the present surface elevation of 270 feet (MSL). The most well developed bioherms
occur in the 135 10 150-foot layer. Figures 8 to 12 are cross sections showing the vertical and
lateral siratigraphic relationships of subsurface sediments. Figure 18 shows the plan view
locations of the cross section lines. :

Direct Indications of Soft Zones

Direct indications of soft zones in this report are considered to be rod drops in borings and low
tip pressures and sleeve resistance in CPTs. The term rod drops is used to denote zones in
which the drill string advanced under the weight of only the rods or hammer. Relatively few
well-developed soft zones, which correspond to rod drops, have been found in the immediate
area of the K Reactor building. Rod drops occurred in only eight of the 418 fishtail grout holes
drilled by the Corps’ 1951-1952 grouting program. Two zones were encountered in two of
these eight holes, for a total of 10 soft zones (corresponding to rod drops) identified by this
drilling program. Five of the fourteen SPT borings drilled in the GEI/WSRC program
encountered intervals in which the drill string advanced with the weight of the rods or hammer.
The GEI/WSRC program was specifically targeted at sampling these zones and yethadonly a
36% contact ratio. Of the four deep borings drilled in the Soil Subsidence Investigation
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Program (WSRC/BSRI, 1991), only one encountered two very thin (18-inch) soft zones in the
interval from 145 to 160 feet, in which the drill string progressed under the weight of the rods.
The three other deep borings in that 1991 program were drilled specifically to recover samples
from soft zones, but they failed 10 encounter any. In the SPT borings drilled as part of the
GEI/WSRC 1991 and the WSRC/BSRI 1991 programs, all of the soft zones encountered were
thin and filled with silty and clayey sands.

In these two programs only minor amounts of carbonate shell material was found in the core
material from soft zones and associated underconsolidated sediments, The shell material
generally had little or no reaction to hydrochloric acid, indicating mineral replacement of the
original carbonate material had occurred. The lack of any significant quantity of carbonale in
the samples is interpreted to indicate that the dissolution process is essentially complete in the
K Area.

No open voids or cavities were encountered in any of the borings. The soft zones that were
encountered ranged from 0.5 to 3.0 feet thick. Inthe GEIYWSRC 1991 program, the two soft
zones encountered in SPT Boring K-1003A corresponded to lean clay units, one at a depth of
95 feet in the Dry Branch formation and the other immediately below the Dry Branch sands in
the uppermost portion of the Santee formation. Neither of these zones correspond (o the
interval from which carbonate material was recovered (135 to 150 feet). The other soft zones
encountered in the SPT borings generally correspond to the zones in which carbonate materials
are intrepreted to have been originally deposited.

A represeniative soft zone is shown on Figure 13, which is a copy of a portion of the SPT
Boring K-10035, In this zone the drill string advanced under the weight of the hammer from a
depthof 117 to 119 [eet. This interval overlies a section (120 to 130 feet) composed primarily
of sands, silty sands, and clay in which calcareous shell fragments and cemented particles were
recovered. The soft zone in this boring is three feet thick, extending from adepthof 117.5 10
120.5 feet. Below this soft zone is an eight-foot thick section of silty sand that is
underconsclidated, as indicated by the low dry density (Table 1) and low tip pressure and
sleeve resistance as recorded on the CPT KC-8 (located approximately six feet north of the
boring, see Figure 13). This is interpreted to be a typical profile of a soft zone with associated
underconsolidated sediments, The zone from 117.5 10 120.5 feet probably had a sigaificant
amount of solid materiat removed by dissolution. This zone most probably corresponds to the
original oysier mound. In other areas shell materials have been preserved in similar
depositional settings. The underlying silty sand layer is inierpreted 10 correspond to the sand
substratem that contained a lower percentage of carbonate material at the time of deposition
and persists as an underconsolidated interval. The total thickness of this complex is
approximately 11 feet,

Void ratios were calculated based on dry densities reported on Table 1. In the upper (top three
feet) portion of the interval corresponding 10 the low tip pressure and sleeve-resistance values,
void ratios are in the range of 1.85102.55. In the lower portion of the zone corresponding to the
underconsolidaied silty sand section, void ratios ranged from 0.91 to 2.01 with the mean value
of 1.38. Conservative estimates indicate that the amount of additional porosity in these
intervals probably resulting from dissolution of carbonate is in the range of 30% for the upper
soft zone and 1010 15% in the underconsolidated silty sand section. In all cases the soft zones
were partially filled with fine grained materials. No voids or cavities were found in any of the
borings in the K Reacior study area.
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TABLE 1
LABORATORY TEST SUMMARY
Top Depth Drv Unit Weight Water
Boring Sample of Specimen ASTM inwbe insim G Content Void
_No. No. Test No. {Elev.) Symbol pef pef Fines _intube Ratios Porosities

K1005 FP4A c7 119.6 (150.0) sC 18.0 471 478 924 255 17.8%
FP4B UWS 119.8 (149.8) sC 346 49.7 498 B6S 24} 70.8%
FP4D c2 120.5 (149.1) sC 210 59.6 594 646 1.85 64.9%
FP5A Uwi 120.9 (148.7) sC 3315 78.6 725 412 128 555%
FP5B Uw2 121.6 (148.0) SP-SC - 715 659 417 147 595%
FP5C Uw3 122.2(147.4) 5C 26.2 58.7 541 687 201 668%
FPTA RC2 125.0(144.6) SW-SC 107 733 725 400 133 5.1%
FPIC C6 125.8 (143.8) SC-CH 505 623 616 570 174 635%
FP7D c3 126.4 (143.2) sC 154 758 750 376 125 555%
FP8A uw4 128.2 (141.4) SP-SC - 80.6 854 367 105 512%
FPSB Uws 128.7 (140.9) sC - 86.6 917 335 091 47.6%

According to the direct drilling indicators described above, soft zones occur sporadically at
three depth intervals throughout the study area. Individual soft zones are apparently small,
thin, and limited in lateral extent. Commonly, soft zones encountered in a boring will be
absent in offset locations as near as 25 feet away. Closely spaced CPT soundings performed by
GEI indicated that rapid iateral changes can occur within five feet from borings. The data
show the soft zones are poorly interconnected and limited in their distribution and exient

Indirect Indications of Soft Zones and Underconsolidated Sediments

Water losses may occur in consolidated semi-confined sediments in which pore pressures are
slighily below normal, such as in clay zones with high void ratios or in soft zones that
developed ss the result of carbonate dissolution. Depending on the applied flnid pressures,
waler losses are expected in poorly consolidated sediments like those underlying the K
Reactor area. Water losses may also occur along zones of weakness whenever the fluid
pressure in the well bore exceeds the confining pressure of the sediments.

SPT borings are drilled with mud and a positive surface pressure. Surface pressures in this
type of a drilling operation are generally low, 20-25 psi. Fluid losses do occur during drilling
of SPT borings at these low surface pressures. This is due to bouom hole pressures exceeding
the effective vertical stress. The calculated effective vertical siressat the level of the soft zones
is 3,800 pef* (GEI/WSRC 1991). Assuming a pump pressure of only 20 psi, the net effective
bottom hole pressure at the depth of the soft zones would be approximately 6,700 psf, whichis
significantly higher than the effective vertical stress. By exceeding the vertical stress,
hydrofraciuring of the section likely would occur.

Significant water losses occurred in 52 of the 418 grout holes drilled in the Corps’ 1951-1952
grouting program (11% of the total number of holes drilled). These holes were drilled using a
tricone bit and drilling fluid injected into the drill string. Present drilling operations have
recorded surface pressures as high as 70 to 100 psi. We assume that the 1951-1952 program
wasperformed in a similar fashion. Atthese drilling pressures the bottom hole pressure would

* Surface pressures are reported in pounds per square inch (psi). The calculated bottom holc pressures are taken from the
GEI/WSRC 1991 report in which pressures are given in pounds per square foot.
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be significantly in excess of 7,000 psf, which is quite adequate to hydrofracture the
surrounding formation.

Grout injection will also have a tendency 10 initiate hydrofracturing of the sedimentary
section. The calculated effective grout pressure at the depth of the soft zones, based on
information from the Corps’ 1952 grouting report, was about 14,400 psf. This calculation
assumes a grout pressure of 40 psi at the ground surface (surface pressures actually ranged up
10 100 psi), a total weight of 109 pef for the grout, and a ground water depth of 40 feet. (Ground
walter in the study area is at a depth of 60-65 feet. However, the computed bottom hole
pressures would not be significanily changed by this difference in ground water levels.)

As siated above the effective vertical pressure in the soft zone averages 3800 psf, therefore the
computed bottom hole grout pressure is approximately 3.8 times the effective average vertical
stress.

In borings drilled in the study area, water losses occurred generally at depths of 100 feet or
more, which corresponds to the Dry Branch and Santee formationis. Once fluid losses started,
they generalty continued until the hole was completed. This continued loss of water and
cuttings is interpreted to indicate that hydrofracturing of the formation had commenced and
then continued throughout drilling of the hole. Hydrofracturing in soft sediments occurs
generally along planes of weakness, such as bedding surfaces and depositional boundaries,
and will propagate laterally until injection pressures are reduced or neutralized by formation
pressures. Zones in which water losses commenced in the 1951-1952 grout program appear (o
correspond Lo depths at which soft zones eccur. Initial hydrofracturing probably started in the
soft zones or the associated underconsolidated sediments. Since hydrofracturing occurs with
the application of significant and continued pressure, the fracture zone can extend well beyond
the boundaries of the soft zone. Therefore, the volume of lost fluids does not accurately
represent the amount of additional pore space or extent of the underconsolidated sediments.
Figure 14 is a diagrammatic sketch showing the relationships of the soft zones and
underconsolidated sediments to created hydrofractures,

Hydrofractures induced by grouting will exhibit the same behavior as those induced by the
drilling fluids as just described above. The grout-induced hydrofractures will most probably
initiate in a soft zone or a zone of underconsolidated sediments. The hydrofraceures will,
however, conlinue o propagate beyond the boundaries of the soft zones in thin lenses or
fingers of grout material along bedding surfaces and depositional boundaries. The observation
by the Corps that grout vented from nearby borings when grout was being injected in a given
boring is, therefore, not a direct indication of either the interconnectedness or the volume of a
soft zone. The fact that grout behaves in this fashion is evident clearly in the geologic
descriptions from Boring K-1008B. In the interval from 130 to 145 feet in this bering, three
lenses or seams of grout were recovered in the split spoon and core samples. A 33 cm (13
inches) seam of grout material was recovered at a depth of 130 10 132 feet in sample 5520, a
50.8 cm (20 inches) thick grout seam was recovered in the 134-foot core sample C2,and a 28.0
cm (11 inches) seam was recorded in core sample C3 at a depth of 139 feet. The presence of
these seams al these levels indicates that the grout initiated hydrofractures immediately above
the soft zone and they propagated for considerable distances along horizontal bedding
surfaces.

The above discussion leads o the conclusion that while significant quantities of grout were
injected into the sediments, a substantial quantity of the grout resides probably in thin seams.
Thus, the volume of grout-take in a boring is not a reliable indicator of the extent of a soft zone.
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Extent of Magnitude of Soft Zones and Associated Underconsolidated Sediment Complexes

Using the direct (rod drops) and indirect (water loss) indicators of soft zones, the complexes
can be determined. The best siatistical basis for this analysis is provided by the map produced
during the initial 1951-1952 grouting program. A generalized redrafted version of this map
(Figure 15) shows the distribution of the grout holes in the K Reactor building area. Rod drops,
waler loss zones, and grout-takes are recorded on a large format version of this map (Figure
16). Five significant areas of groul takes are shown on Figure 15: two south of the 105-K
building, one under the east wali of the building, and one northeast of the building. A fifth area
underlies the north end of the 190-K building located east of the reactor building. These five
areas are referred to in the following discussion as large complexes A, B, C, D, and E
respectively (refer 1o Figure 15).

The most obvious characteristic of this map (Figure 15) is that the vast majority of the borings
did not take grout. OF the 418 borings drilled, 91 took grout (22%). Direct and indirect
indications of soft zones and underconsolidated sediments occur in 52 holes. Of these 52
holes, fivid losses commenced at shallow levels (100-foot depths or above) in seven holes.
These depths correspond 10 clay units in the Dry Branch and lowermost Tobacco Road
formations and are not indicators of soft zone complexes. These intervals most probably
correspond Lo isolated semi-confined units that had below normal pore pressures.

Waler losses commenced at deep levels (170 feet and below) in two holes, corresponding 10
the upper Congaree formation. These zones are also probably not associated with soft zone
complexes. The remaining 43 grout holes represents approximately 10% of the total number
drilled in this program. These 43 grout holes are assumed to be associated with soft zones at
the Jevels where water losses commenced.

Close examination of the five large complexes illustrates the sporadic occurrence and
distribution of the soft zones. A detail of the large Complex A immediately south of the K-105
reactor building is presented as Figure 17. This Figure isa copy of a portion of a detail map for
the reactor building site and was taken directly from the Corps’ 1952 groutreport. Complex A
extends from Row K on the east to Row R on the west and from Row 22 on the north 10 28 on
the south. Thisisan area 175 feetby 150 feet. The borings in this area are on a 25-foot offsetas
the result of infill drilling of the original program. Indications of soft zones were encountered
in 11 borings. There are apparently two separate small soft zone complexes in thisarea. Oneis
defined by the five borings M-23,N-24,0-25, P-26, and Q-27 (referred to herein as M-23), the
ather by borings O-23, P-23, P-24, Q-23, Q-24 and R-24 (referred to herein as O-23).

The M-23 complex (Figure 17) shows a clear southwest orientation. Borings offset from this
complex, both to the southeast and to the northwest, had no indication of soft zones. The M-23
complex is approximately 200 feet long and less than 50 feet wide*, The main soft zone in this
complex is at a depth of 140 o 155 feet, as indicated by the first losses of drilling fluids in
borings M-23, P-26, and Q-27 and second zone of mud losses in N-24. Mud losses were also
encountered at shallower depths (87 and 96 feet) in borings M-24 and O-25 respectively.
These depths correspond to thin clay intervals in the Dry Branch formation. These clay
intervals were encouniered in Boring K10008B (refer to copy of log included for reference).

* There are no SPT borings through this complex or the O-23 complex, so thickness of the zones has not been deter-
mined. These soft zones are interpreted to be similar 10 the one encountered in boring K-1005 (refer to discussion on
page 5). Fifteen feet in toial thickness, five as soft zone and ten as unconsolidated sediments.
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The 0-23 complex (Figure 17) shows the same northeast to southwest orientation as M-23.
0-23 is approximalely 140 feet long and 60 feet wide. The soft zone in the O- 23 complex is
slightly deeper than the M-23 soft zone (147 10 155 feet). There are no indications of shallower
underconsolidated sediments associated with either the M-23 or the O-23 complex.
Stratigraphic relationships indicate that the 0-23 complex is slightly older than the M-23
complex and is offset to the northeast. The O-23 feature probably developed on the northwest
flank of the underlying sand bar, the M-23 complex appears to have developed slightly lateron
the crest of the sand bar.

The same characteristics of small discontinuous soft zones are apparent in a detailed
examination of the large Complex C located to the northeast of targe Complex A (Figure 17).
There is an elongated narrow alignment of borings that has the same well defined southwest
trend as the M-23 complex. And there are two small groups of borings that occur in the flank
position. Complexes A, C, and probably E are aligned to the southwest and are probably
associated with the same underlying sand bar. The configuration of the depositional surfacesis
expressed upward through the section as the result of differential compaction of the sediments.
As such, a strong southwest trend is clearly expressed in the surface of the Dry Branch
formation (see Figure 18). These three complexes (A, Cand E) form a very obvious trend that
has the same orientation as the isolated soft zones, eg. M-23. Theother large complexes {Band
D) probably are associated with similar trends. These secondary trends are not as well defined
by the subsurface penetrations in the area.

The large Complex B is poorly developed, only iwo borings in this area had indications of soft
zones and no clear orientation is apparent. Large Complex D to the northeast of the 105
building had nine welis with indications of a soft zone. The soft zone in Complex D is
developed at a depth of 130 10 140 feet. This complex shows a slight southwesterly trend
paralleling the A and C complexes.

The large Complex E located under the north end of the 190-K building also is poorly
developed. The soft zone in this complex also formed at the shallower level, and no strong
wrends are observed. Stratigraphic relationships indicate that Complex E probably is
associated with the same trend as the A and C complexes but developed later in less favorable
conditions.
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Conclusions Regarding Occurrence, Thickness and Extent of the Soft Zones and Associated
Underconsolidated Sediments

The following conclusions are based on the preceding discussions.

Soft zones underlying the K Reactor building occur primarily in three intervals of the
Santee formation. These intervals are at depths of 120 to 130, 135 w 150, and 155 w0 170
feet below the present surface grade of 270 feet (MSL).

Soft zones are distributed sporadically along three southwest trends. Direct indications of
soft zones are encountered in approximately 10% of the deep penetrations in the study area.
The most well developed soft zone complexes are approximately 15 feet thick composed of
an upper soft zone 3 to 5 feet in thickness having porosities in the range of 65-75% (void
ratios of 1,85-3.0), and a lower zone of underconsolidaied silty sands 8 to 10 feet thick hav-
ing porosities in the range of 50-65% (void ratios of 1.00-1.85) as shown on Figure 13,
which is interpreted as a typical soft spot at K Reactor site.

The areal extent of the most well developed soft zone is approximately 200 feet long by 50
feet wide and exhibits a strong southwest orientation.

Soft zones in the K Reactor area are poorly developed, limited in size and areal extent, and
poorly interconnected.
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5.0 RELATIONSHIP OF SURFACE DEPRESSIONS TO SUBSURFACE SOFT

ZONES

In order for a surface depression to form as the result of dissolution and collapse of a
carbonate-rich layer, the sediments in the entire column above the collapse zone must be
remobilized by slumping downward to compensate for the additional porosity created by
dissolution, This situation has not been documented as occurring in association with isolated
carbonate deposits (bioherms) anywhere on SRS. This remobilization initially results in the
overlying sediments becoming underconsolidated. Remobilized sediments will persist in an
underconsolidated state until either additional material is introduced into the formation by
movement of ground water or the section becomes more decply buried as the result of
deposition at the surface, For a surface depression to form, this downward slumping and
recompaction process must occur progressively upward through the sedimentary section,

In the study area there is no evidence toindicate that underconsolidated sediments occur above
the level of the Dry Branch formation {approximately 90 feet subsurface). No significant
zones of waler losses were encountered in the Tobacco Road formation in any of the borings
drilled in the study area. There is no evidence o indicate that slumping has occurred in the
sediments of the Tobacco Road section. Thus, it can be concluded that there is no relationship
between any of the surface depressions in the study area and the subsurface soft zones.

Four SPT borings were drilled in the area of the 920K Fan Room to determine if deep
subsidence was occurring. Two thin {eighteen-inch) soft zones were encountered in boring
SPT-1atadepihof 145and 155 feet. Threg offset borings were drilled to comparable depths 1o
recover samples from this soft zone. No soft zones were encountered in these borings,
indicating that the soft zones are smal! and limited in their areal extent. One grout hole in the
area (V-18 drilled in the Corps' 1951-1952 program) lost drilling fluid at a depth of 155 feet.
This grout hole continued Lo lose mud to total depth, indicating that hydrofracturing was
probably occurring during drilling.

None of the other grout holes drilled in this area encountered soft zones or water losses, further
indicating the small discontinuous character of the soft zones in this local area. No
underconsolidated sediments were encountered above the 145-foot level in any boring in the
local area. No disruptions of marker horizons were observed in the local area. All of the
evidence indicates that no subsurface remobilization of sediments has or is presently
occurring, Thus, there is no connection between the surface depression in the area of the 920K
Fan Room and subsurface conditions (cross section E-E’ Figure 12). The line location is
shown on Figure 18, the 920 fan room is locaied near the SPT-1 location.

M920105Ti

-91 -



Integrated Geologic Analysis of the K-Reactor Area

M920185 i

-22.



Integrated Geologic Analysis of the K-Reactor Area

REFERENCES

Aadland, R.K. and Biedsoe, HW., 1990, Classification of Hydrostratigraphic Units at the
Savannah River Site, South Carolina (U), Report WSRC-RP-90-987,

Everest Geotech (1985), “Integrated Model of the Geologic Sysiem at Savannah River Piant,
Atiken, South Carolina,” for E.I. Dupont de Nemours and Company, Inc., Savannah
River Laboratory, Aiken, South Carolina (U), Report No. R-88-005

Savannah River Laboratory (SRL) 1991, Field and Well Data compiled by W.C. Fallaw and
N.S. Snipes, July 24, 1991.

Sheridan, R.E.,“ Atlantic Continental Margin of North America”, The Geology of Continential
Margins, Burkes, C.A. and Drake, C.L. {eds), Springer Verlog, New York, pp 391427,
(1974).

U.S. Ammy Corps of Engineers (CORPS), Charleston District (1952), “Foundation Grouting
Operations, Savannah River Plant,” Waierways Experimental Station, Vicksburg, Mis-
sissippi.

U.S. Army Corps of Engineers (CORPS), Charleston District (1952), “Geologic Engineering
Investigations, Savannah River Plant,” Volumes | and 2, Waterways Experimental Sta-
tion, Vicksburg, Mississippi.

Westinghouse Savannah River Company (WSRC), Seismic Engineering (1991), “K Reactor
Area Geotechnical Investigation for Seismic Issues, Savannah River Site,” including
geotechnical work performed by Geotechnical Engineering Inc. (GET), Report WSRC-
TR-91-47.

Westinghouse Savannah River Company, Reacior Engineering Department (1991), “Soil
Subsidence Investigation Program, Final Report,” WSRC-TR-91-42-136.

MIZ01051

-23.



—_— e

TO AMEN

New Ellenton —

1 2 3
ot T 4

4 ueek OF

—————— e
12 3 4 3 8 Nl-ﬂ‘m"?@/”?'é
t/'
7

SITE MAP

NOVEMBER 16#1

ns| INTEGRATED GEOLOGIC ANALYSIS OF THE K REACTOR AREA

FIGURE 1




e

]

T e * i N 2
/ P ;
' - \ i

o
\ o ;
v o3
. ') 4 : P
\"\ TN
STARUCTURAL CONTOUR NOVEMBER 1991 e oy

——
’.SRS\ BASE OF CAETACEOUS S5EDIMENTS
g "

se oon| INTEGRATED GEOLOGIC ANALYSS OF THE K REACTOR AREA FIGURE 2 o erear vl




r—

=

GENERAL GEOLOGIC CROSS-SECTION

K AREA

450
' A P 5.1 MILES 4.7 MILES CPgsl 4.2 MILES Bz2f ] LEGEND»
400 ELEV ;206~8" ELEV|264"
- A aevkes o eLevl 273 < I:l SAND LOCALLY COMGLOMERATIC
; bty FOURMILE z 16°RES. S.POINT . CLAYEY/SILTY SAND
300 GAWMA | B84°RES. S.POINT T e S _ 3 BRaNCH 4
s A G e oo ccpel L s LAND UNTT - CLAY, SILTY CLAY
250 CAMMA (RES. S. POINT PEN g S T R T Ty Ay e Y
MEYERS L!IfKE BRANCH - e T T T e——— —— - BARWELL - LIMESTONE
200 CREEK e =i _- g e o 3= -
- = Rl SANTEE - CLAYEY MICRITIC LIMESTONE
150 BARNWELL _— s etk - WARLEY HILL m
100 oRocr CONGAREE
B S P F ISHBURNE RESIONAL LNCONFORMITY,
— = l’
33 ? = WILL TAMSBURG / FROGGSED GRAILIZANE
SANTEE = — %
= > T R e g P -
) WARLEY HILL——— B iy A1 = A ELLENTON 0
o] CONGAREE " . ATARTN . IFER WNIT
| F ISHBURNE A T e PEEDEE , AGUIFER CONF INZNG UL T
-100 == o - 100 SYSTEM
WILL IAMSBURG — AOUIFER UNIT
“150 4 g i - 150
ELLENTON SYSTEM BOUNDARY
200 4 TERTIL - -200
CRETACEOUS . = BLACK
250+ = CREEK - —250
| PEEDEE - =T
*300- T e = % 5 L =300
-350+ g -~ : - 350
= T e
4004 . e — » I "“l'/-m-
450 N e % — - ~450
BLACK CREEK x MIDDENDORF
500 e = = 500
550 g TheAT - ~ 550
- e CAPE FEAR <
800 = sttt e B8
650+ e -_- ,.-" S = -_ ,- gy = L 650 :
=i = e =" i ?
7004  MIDDENDORF I e - e = = [ _700
750 e '._-_ :- = e _-- AT -_' e _1 _‘_-:z T ” = - —750
800 1 e ™ - - - T o ST S s
I R e el
- e e e e~ EN BRANCH I
50 CAPE FEAR L I FAULT ~850 e | ,
L. GG dook oo L 2 us
i T STEELE CREEK R
400 s FAULT ¥
950 - 950
0004 - =100
650
REGIONAL GE%I?OI?’ACHEEOSS SECTION NOVEMBER 1991
100 Source: see text, Aadland and Bledsoe {1990) f SRS%‘

AIVER BITE

INTEGRATED GEOLOGIC ANALYSIS OF THE K REACTOR AREA

FIGURE 3




33° 20

o S P14
PARAN ™
St rosae,” @ e SDS21
YSC5 e MWD3 -
// P2.3.Fca 3 P.BF1 e
P29 * BG625 P27 -
g S Outcrop ¢ "¢ @ 020 ® PBF2

g e HPC1

¢IDP3 FSBTA  jsmi22 ®
® 1DQ3

® SSW3
@ SSWi1

™

SSw2
®P26
PBF4
® DPC1 A
Q 7 @PBF5 -
/\) - ‘P-2-2
- "
- - Dominantly
33° 10 - L. PBF6 - Glauco_‘l“\,c - Calcareous j\
- ey s e

Missing due Calcareous

to erosion o P21
é‘e’gtl:fc O Calcareous
Generating
Plant W

By W.C.F. and N.S.S.
7124/

1 I
GA Miles

. t
Kilometers

Figure XX. Maps s howing the updip and downdip limits of the glauconilic facies in the "green clay” interval at SRS.
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SCIL BORING RECORD

BORING KO, K-1005

PROJECT MO,

4133-50-343

TECHWICAL OVERSITE M, Adamgki

DAILLED BY/COMPANY_D. White No. B76/Graves

DATE START/FINISH _August 6, 1990/ Auguse 15, 1990 DAILL ING METHOD Mud Rocary
0EPTH | gumrs SAPLE STRATUM SEMEENETRA LIONIRES ISTAHCE pows | Rec.
Fr DESCRIPTION DESCRIPTION ) i 19 30 46 bagrog/E N IH.
100 £3134: CLATEY SAMD ($C); homogermous, 151 ciay, smeium s TR I 5
SS1JA | grained, supanguisr, no resztion with gl  ssturstes, : g ﬁ l I - l I | | i : e 19/38] 9
- Brownian yetlou. g < :._' ’ i | i II I -9
oYL |
& |
-4 8 E ! 1 !
T 516 Top & snehes: similar 10 $5338. witn tmin sease | O [ = (P - - I ! [ [
ﬁss“' of clavey sanc. Bottom 3 incnes: GANSDMLT GAADED ZAND =2 -4 g - ' i 1 ® 17;‘; ]
WITH CLAT (SP-1R); S-W0% cley, medium ane cosree o ] | 18
Grateg, FO FEACTION 10 ACI, Iub-rourmed, SAtuPEted, o 1 |
Bronntsh yellow. v |
110 L I I 7
SE15:  SILTY SAND (W) lenses of ciey, [+ 1 smen), 30U
/5515 2101, $-10% clay, fine graired, no resttion to ACH, < L4 13/18| 10
- 13T, Lignt Brownnsn yellow, | 22
I316: SILIT SAND (M) nomoperstous, 20-25% salt, tine | i
st Swdium grethed, o reSEtion with WCI, Latursten,
z Droanisn yellow, - - — | .
5516 17 Simit 118,
™ miisr 1o i I ® i 12713 18
Sew Nates ) e & ] I 14
5517 fed:  CLATET SAMB (I£); 0T cley, firme ard asdium WOH
raired, nane te slew drlatancy, no resction with KL, ™ I 9/7 12
120 FP&4 satursted, browmish yoliom. WOH
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FES
IP6: o tmile Femoved from Tupe, Soft Zone
. FP& |FP7: WIDILY GRADED ZAMD WITW CLAY {SP-SC); 10T ciay,
BOIUR Pravned oMt \afge cemented particles [+ 1
= neh], Ao rasction with KCI, Sub-enpular, SATUrated, g o -
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L, . s 1
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i
TI19: SILTY SARD (SN); nomoperwsut, 20-25% silt, fime =] o - i | !
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140 = - — 14 e
|
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L} ’ !
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1 l I
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SAMPLE SYMBOLS

| seit spoon iss)
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PITCHER BARREL 1PB) EL

PACE ) OF &

LDCATION____ N 53,656.80

—_—ht1.e87 .10
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NOTE:
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:nqm:n ‘lu MIVE 2 0° 0.0.

@
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AIKEM, SOUTH CAROL INA

WESTINGHOUSE ENVIRC''MENTAL
AND GEOTECHNICAL SEnVICES.
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